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Executive Summary
Project Overview
Vineyard Wind, LLC (“Vineyard Wind”) is proposing an ~800 megawatt (“MW”) wind energy
project within BOEM Lease Area OCS-A 0501, consisting of offshore wind turbine generators
(“WTGs”) each placed on a foundation support structure, electrical service platforms (“ESPs”),
an Onshore Substation, offshore and onshore cabling, and onshore Operations & Maintenance
Facilities (these facilities will hereafter be referred to as the “Project”). A sediment dispersion
modeling study of sediment disturbing construction activities (namely offshore cable
installation) that will be part of the Project was performed in support of the Project’s
Construction and Operations Plan (“COP”).
Briefly described, the Project will install WTGs in the Wind Development Area (“WDA”) within
the northern half of BOEM Lease Area OCS-A 0501, located approximately 23 kilometers (“km”)
south of Martha’s Vineyard, Massachusetts. The Project will include inter-array cables to
connect the WTGs to the ESPs, inter-link cables to connect the ESPs to each other, and offshore
export cables (located within an offshore Export Cable Corridor, “OECC”) to connect the ESPs to
a Landfall Site.
The Project will rely on a variety of cable installation methods that may vary along the route
depending on subsurface conditions which are described in detail within the COP. The COP has
been developed utilizing a Project Envelope concept to define and bracket the potential Project
characteristics for purposes of environmental review and permitting while maintaining a
reasonable degree of flexibility with respect to selection of key Project components, including
the specific export cable routes. In keeping with the Project Envelope concept, this study has
been designed to simulate the physical impacts of installation of a representative inter-array
cable and variants of the OECC. The physical impacts quantified are those relating to excess
(i.e., above ambient) total suspended sediment (“TSS”) concentrations and eventual seabed
deposition resulting from sediments that get resuspended in the water column during
installation (i.e., burial) of the cables.
Description of Model
RPS applied customized hydrodynamic, and sediment transport and dispersion models to assess
potential impacts from sediment resuspension during Project construction. As part of this
assessment, RPS gathered and analyzed environmental data, developed a hydrodynamic model
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grid and application using RPS’s HYDROMAP model, verified the hydrodynamic model
performance, developed the appropriate sediment source loads to reflect planned activities, set
up and ran sediment transport and dispersion model applications of the various Project
components using RPS’s SSFATE model, and post processed modeling results to provide (1)
maps of maximum excess (above ambient) TSS concentrations, (2) maps of final seabed
deposition, (3) tabular summaries of total area over specific concentration thresholds for
various durations, and (4) area summaries of deposition over specific thickness thresholds.
Thresholds used to display results were chosen based on a combination of timeframes of
biological significance and values that would help demonstrate the transient nature of the
physical impacts.
The HYDROMAP hydrodynamic model domain extended from approximately Provincetown
(northeast extent) at the northern tip of Cape Cod to Sandy Hook, New Jersey (“NJ”) (southwest
extent) south of New York City including Nantucket Sound, Martha’s Vineyard Sound, Buzzards
Bay, Narragansett Bay, Block Island Sound, Rhode Island Sound and Long Island Sound. The
domain is significantly larger than the Project Area, however the extent was chosen to best
locate and define open boundary conditions. The model was forced with tidal harmonics and
wind so it was able to reproduce patterns of tides and currents at multiple locations within the
domain. The currents are predominately tidal and predominantly semi-diurnal, meaning the
speeds ramp up and down in a cyclical manner and reverse in direction approximately twice
daily. After the model application was verified, a second model run was completed for a period
exhibiting winds close to the average winds in the region. This second model application was
used as the hydrodynamic forcing in the sediment transport and dispersion modeling.
The hydrodynamic model was able to recreate the spatial and temporal patterns and trends of
the observed tides and currents as verified by comparison at discrete sites with in-situ data. The
model did overpredict the vertical shear and surface currents during periods of high wind;
however, the bottom current during those periods was well represented. As the sediment
disturbing work (i.e., the cable installation) will occur at the seafloor, it was determined that the
hydrodynamic model was a good fit for assessing Project impacts. In general, the currents are
variable throughout the Project: currents are relatively weak within the WDA but increase
sharply through the potential OECC within Muskeget Channel. Within Vineyard Sound, the
currents are moderate as they decrease towards the coast.
Sediment transport modeling and analysis was performed to simulate the installation (i.e.,
burial) of multiple offshore cable systems. A representative inter-array cable within the WDA
was modeled as were all variants of the OECC.
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hydrodynamic modeling output from HYDROMAP, a model time step of 10 minutes with output
every 20 minutes, and a concentration grid of 50 meter (“m”) resolution in the horizontal
dimensions and 0.5 m resolution in the vertical dimension. The sediment source load for each
simulation was developed based on sediment and installation characteristics. The simulations
were run in SSFATE and post processed to determine the spatial and temporal characteristics of
excess (i.e., above ambient) TSS concentrations and the spatial patterns of deposition at
multiple thickness thresholds.
Inter-array Cable Installation
For the representative inter-array cable, a single inter-array route was simulated which was
selected as the longest individual route within a representative configuration. The route was
simulated for typical and maximum impact installation parameters.
•

Typical installation reflected a 1 m wide by 2 m deep trench, a production rate (i.e.,
installation rate) of 200 m/hour (“hr”) and a sediment mobilization fraction of 0.25 (25%
of total trench volume).

•

Maximum impact installation reflected a 1 m wide by 3 m deep trench, a production
rate of 300 m/hr and a sediment mobilization fraction of 0.35 (35% of total trench
volume).

It is anticipated that the typical parameters would be utilized for approximately 90% of the cable
installation and that the maximum impact parameters would only be utilized for 10% of the
cable installation.

The vertical initialization of resuspended sediments was based on the

possible methods and limited to the bottom 3 m of the water column with 85% of the sediment
introduced to the bottom 1 m of the water column. In order to be conservative, the entire
route was assumed to have the sediment characteristics associated with the sample with the
greatest relative fraction of fine material, which was ~23% for the 2 m trench and ~29% for the 3
m trench. The sediment characterization was developed based on depth weighted averages of
sediment grain sizes.
The simulation of the typical installation of the inter-array cable predicted the 10 mg/L plume to
oscillate about the route centerline and extend up to 3.2 km from the centerline. High
concentrations were limited to a smaller extent from the centerline, with the 50 mg/L plume
extending up to 340 m from the centerline, though typically within ~160 m from the centerline.
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The associated deposition showed thickness of 0.2 millimeters (“mm”) or greater mainly
centered around the centerline and maximum deposition thickness was less than 5 mm.
The simulation of the maximum impact installation of the inter-array cable showed a noticeably
larger footprint, with the 10 mg/L , 50 mg/L and 100 mg/L contours extending up to ~3.9 km,
~1.6 km and ~750 m from the centerline, respectively. The deposition of 0.2 mm or greater was
limited to ~280 m from the route centerline and the deposition thickness was less than 5 mm.
These increases are as expected due to the increased total mass and mass flux associated with
the maximum impact parameters. Both simulations showed the maximum concentrations were
located near the bottom of the water column, which is as expected based on the initialization of
sediments due to the bottom activity.
Offshore Export Cable Installation
The Project includes two primary OECC routes-referred to as the Western Corridor and the
Eastern Corridor- with three associated landfall sites: Covell’s Beach, New Hampshire Avenue,
and Great Island. A total of eight unique OECCs are being considered in the Project Envelope:
1. Western Corridor, west through Muskeget to Covell’s Beach
2. Western Corridor, west through Muskeget to New Hampshire Avenue
3. Western Corridor, west through Muskeget to Great Island
4. Western Corridor, east through Muskeget to Covell’s Beach
5. Western Corridor, east through Muskeget to New Hampshire Avenue
6. Western Corridor, east through Muskeget to Great Island
7. Eastern Corridor to New Hampshire Avenue
8. Eastern Corridor to Great Island
To facilitate modeling and to account for overlap between the eight possible routes, the OECC
was modeled in segments. The main portion or “trunk” of each potential route was modeled as
an individual simulation, and the remaining shorter segments that provide the connection to the
three landfall sites under consideration were all modeled individually. The associated maps of
maximum TSS concentration and seabed deposition were provided for each individual segment.

iv
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Model results (the area over specific thresholds for specific durations and deposition) were
tabulated for each individual segment, and were then added to provide results for each total
OECC from WDA to where the horizontal direct drilling (“HDD”) starts near each landfall,
thereby facilitating comparison of the different routes.
A total of eight components were simulated with typical installation parameters and an
additional OECC trunk was simulated using maximum impact installation parameters, for a total
of nine simulations. The typical and maximum impact parameters were the same as those
assumed for the representative inter-array cable. As with the inter-array cable installation
described above, it is anticipated that the typical parameters would be utilized for
approximately 90% of the offshore export cable installation and that the maximum impact
parameters would only be utilized for 10% of the offshore export cable installation.
The sediment characteristics for the OECC segments were based on the characterizations from
sample analysis along the segment, and were therefore spatially varied along each segment and
between each segment. In general, the total set of sediment grain size distribution analysis
showed that the samples were predominately coarse sand with some exceptions.
The model predictions from the simulations of OECC routes using typical installation parameters
yielded similar results for the eight potential routes, with respect to the extent of specific
concentrations and bottom deposition. In general, both the footprint of the 10 mg/L excess
concentration and the footprint of deposition over 0.2 mm stayed close to the route centerline.
The 10 mg/L excess concentration extended approximately ~1,000 m from the route centerline,
with smaller portions of the route having an associated plume that extended farther; these
episodic excursions are due to a relative increase in the fraction of fine sediments in the area.
The footprint of deposition of over 0.2 mm was generally within ~200 m of the route centerline.
A maximum impact simulation of one of the potential eastern routes (Eastern 2 trunk) showed a
moderate increase in footprint of the plume, with the maximum excursion of the 10 mg/L excess
plume extending to ~2 km and the deposition greater than 0.2 mm extending to 0.4 km. These
increases are as expected due to the increased total mass and mass flux associated with the
maximum impact parameters. All simulations showed that the plume was confined to the
bottom 3 m of the water column, which is typically only a fraction of the water column;
however, each route transects shallow waters (< 3 m deep) where the plume would therefore
be present throughout the water column, but with peak concentrations closest to the bottom.
The footprints of the plume concentrations and deposition show that the resuspended sediment
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is not transported far by the currents in most cases and settles rapidly, this is expected due to
the large fraction of coarse sand.
A summary of different results metrics is provided in ES Table 1. This table lists the maximum
excursion of the 10 mg/L excess concentration, the maximum extent of the 0.2 mm thickness
deposition, and the area over 10 mg/L for durations of 1 hour (“hr”), 2 hr, 3 hr, 4 hr, and 6 hrs.
All areas increase for the maximum impact (from typical values) for the 60 minute duration, with
one exception for the area over 10 mg/L for a duration of 120 minutes for the maximum impact
OECC. This exception is due to the advance rate, with the typical (slower) advance rate
generating sediments for a longer duration near any given point, although the flux of sediments
is smaller than the maximum impact.
ES Table 1 Summary of results metrics for each route simulated.
Maximum
Extent of 10
mg/L
Contour

Maximum
Extent of
Deposition
> 0.2 mm

km

km

1 hr

2 hr

3 hr

4 hr

6 hr

IA1

3.40

0.20

13.9

5.7

1.3

0.3

-

Max

IA1

3.90

0.28

52.9

28.2

10.0

2.5

0.5

Typ

W1-L1

1.05

0.20

16.6

5.0

0.4

0.1

-

Typ

W1-C2-L2

1.05

0.20

18.6

5.8

0.6

0.2

-

Typ

W1-C2-C3-L3

1.05

0.20

18.6

5.6

0.5

0.1

-

Typ

W2-L1

1.00

0.20

17.9

4.8

0.2

-

-

Offshore ECC Western

Typ

W2-C2-L2

1.00

0.20

19.9

5.6

0.4

-

-

Offshore ECC Western

Typ

W2-C2-C3-L3

1.00

0.20

19.9

5.3

0.3

-

-

Typ

E1-L2

1.02

0.20

21.4

6.7

1.3

0.6

0.3

Typ

E2-L3

1.00

0.20

19.8

6.4

1.2

0.5

0.3

Max (E2 )
Typ (L3)

E2-L3

2.00

0.40

26.5

5.7

2.0

1.2

0.6

Typical
(“Typ”) or
Maximum
(“Max”)

Total
Modeling
Components

Representative
Inter-array

Typ

Representative
Inter-array

Project
Functional
Component

Offshore
ECC - Western
Offshore ECC Western
Offshore ECC Western
Offshore ECC Western

Offshore ECC Eastern
Offshore ECC Eastern
Offshore ECC Eastern
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Area (square kilometers [“km2”])
over 10 mg/L
for various durations
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Introduction
1.1

Project Background

This appendix documents the sediment dispersion modeling study of sediment disturbing construction
activities (namely offshore cable installation) that will be part of the proposed Vineyard Wind’s offshore
wind project (the Project).
Briefly described, the Project will install WTGs in the Wind Development Area (“WDA”) within the
northern half of BOEM Lease Area OCS-A 0501, located approximately 23 kilometers (“km”) south of
Martha’s Vineyard, Massachusetts. The Project will include inter-array cables to connect the WTGs to
the ESPs, inter-link cables to connect the ESPs to each other, and offshore export cables (located within
an offshore Export Cable Corridor, “OECC”) to connect the ESPs to a Landfall Site.
The Project will rely on a variety of cable installation methods that may vary along the route depending
on subsurface conditions which are described in detail within the COP. The COP has been developed
utilizing a Project Envelope concept to define and bracket the potential Project characteristics for
purposes of environmental review and permitting while maintaining a reasonable degree of flexibility
with respect to selection of key Project components, including the specific export cable routes. In
keeping with the Project Envelope concept, this study has been designed to simulate the physical
impacts of installation of a representative inter-array cable and variants of the OECC. The physical
impacts quantified are those relating to excess (i.e., above ambient) total suspended sediment (“TSS”)
concentrations and eventual seabed deposition resulting from sediments that get resuspended in the
water column during installation (i.e., burial) of the cables.

1.2

Objectives, Tasks and Study Output

In keeping with the Project Envelope, this study has been designed to simulate the physical impacts of
installation of a representative inter-array cable and variants of the OECC. The physical impacts
quantified are those relating to excess (i.e., above ambient) total suspended sediment TSS
concentrations and eventual seabed deposition resulting from sediments that get resuspended in the
water column during installation (i.e., burial) of the cables. An illustration of the location of key Project
components is presented in Figure 1.
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RPS applied customized hydrodynamic, and sediment transport and dispersion models to assess
potential impacts from sediment resuspension during Project. Specifically, the analysis includes two
interconnected modeling tasks:
1. The development of a three-dimensional hydrodynamic model application of a domain
encompassing Project activities using the HYDROMAP modeling system.
2. Simulations of the suspended sediment fate and transport (including evaluation of seabed
deposition and suspended sediment plumes) using the SSFATE modeling system to simulate
Project activities. Velocity fields developed using the HYDROMAP model are used as the primary
forcing for SSFATE.
This report describes the models, modeling approach, model inputs and outputs used to evaluate the
Project activities. A description of environmental data sources used is provided in Section 2. The
HYDROMAP hydrodynamic model and its application to the Project Area are presented in Section 3.
Section 4 provides an overview of the SSFATE sediment dispersion model and results from the
application of SSFATE for a range of base case construction scenarios. References are provided in
Section 5.
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Figure 1. Map of Project components.
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Environmental Data
This study used environmental data gathered from public or client-provided sources. The environmental
data gathered were used to either develop modeling inputs or for hydrodynamic model validation. An
overview of the data types and sources is provided below, however the details of the data are presented
in the hydrodynamic modeling and sediment transport modeling sections. A map illustrating the
location of the discrete data sources is presented in Figure 3.

2.1

Shoreline Data

The shoreline for the domain was developed based on merging shoreline data from each of the relevant
states- Massachusetts (“MA”), Rhode Island (“RI”), Connecticut (“CT”) and New York (“NY”)- from their
respective GIS clearinghouses per the links below. Each shoreline was projected from its native state
plane coordinate system to the geographic coordinate system GCS_WGS_1984, which is the coordinate
system used in the hydrodynamic and sediment transport modeling systems.
•

MA - https://www.mass.gov/get-massgis-data (OUTLINE25K_POLY.shp)

•

RI - http://www.rigis.org/ (towns.shp)

•

CT - http://www.ct.gov/deep/gisdata/ (CT_TOWN.shp)

•

NY - http://gis.ny.gov/gisdata/inventories/details.cfm?DSID=927 (Counties_Shoreline.shp)

The shoreline data were used as a guide for development of the hydrodynamic model grid and to
develop the land water boundaries in the concentration and deposition grid used in the sediment
transport modeling.

2.2

Bathymetry Data

Bathymetry data was gathered from publicly available data provided by the National Oceanic and
Atmospheric Administration (“NOAA”) for coastal and offshore waters of MA, CT, RI and NY as well as
high resolution data provided by the client for swaths within the WDA.
The

NOAA

soundings

were

downloaded

from

the

NOAA

ENC

Direct

to

GIS

portal

(https://encdirect.noaa.gov/), where ENC refers to Electronic Navigational Chart. Data were obtained
for the harbor, coastal and approach ENC band levels. Sounding are available from their native
positioning, which is irregular in spacing.
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Vineyard Wind provided high resolution bathymetry data for swaths within the WDA from field work
completed for this project (Section 2 of COP Volume II). This data set was provided on a 0.5 m
resolution. This high resolution was interpolated to create a grid at a 50 m resolution from which the
grid centroids were then merged with the NOAA data for a complete data set of the study area waters.
The combined bathymetry data set was used to develop the depths from the hydrodynamic model grid
as well as the depth grid used in the sediment transport modeling.

2.3

Meteorological Observations

Meteorological (wind) data to be used as input to the hydrodynamic model was obtained from the
National Data Buoy Center (“NDBC”) BUZ3M Buzzards Bay station located as shown in Figure 3. Wind
speed and direction at this location is obtained from an anemometer located approximately 24.8 m
above mean sea level. Measurements are recorded on an hourly time step.
The monthly average wind speed for the period of 2006-2016 is presented in Table 1 along with annual
averages and a wind rose of the period is provided in Figure 2. The monthly average wind speed ranges
from 3.83 m/second (“s”) to 10.29 m/s though is mainly between 5.78 m/s (5th percentile) and 9.38
m/s (95th percentile). The average annual speed at this location is 7.6 m/s.
Reviewing the monthly averages throughout the record, April 2006 was identified as having a monthly
average close to the period average wind speed at the station.

5
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Table 1. Summary monthly average wind speeds for 2006 -2016
Timeframe

Monthly Average Wind Speed (m/s)

Average

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

Jan

9.13

7.19

8.86

8.68

8.63

7.84

9.15

8.61

9.40

10.05

9.59

8.83

Feb

9.84

7.30

8.50

8.87

8.80

8.93

7.88

9.11

8.30

9.33

9.37

8.75

Mar

7.94

7.25

8.67

7.68

8.72

8.32

7.77

8.54

8.23

7.87

8.14

8.10

Apr

7.62

8.02

6.78

8.19

6.56

8.02

7.29

7.59

7.63

7.64

7.89

7.57

May

7.75

6.83

7.83

6.87

6.89

6.84

5.99

6.81

7.03

6.73

7.01

6.96

Jun

7.35

7.29

5.92

5.95

6.27

5.84

6.79

7.24

5.96

6.66

6.20

6.50

Jul

6.94

5.90

5.79

6.22

5.65

5.97

3.83

6.50

6.78

5.78

6.15

5.96

Aug

5.80

5.78

5.04

5.72

6.54

6.24

5.27

5.84

5.40

5.82

6.14

5.78

Sep

6.81

6.63

6.53

6.79

7.65

6.54

6.58

6.55

6.34

6.34

7.13

6.72

Oct

9.36

7.62

8.14

8.64

9.59

8.16

7.82

6.99

8.66

9.09

8.00

8.37

Nov

7.46

9.09

8.24

8.67

9.04

8.45

8.79

9.21

9.30

8.10

8.43

8.62

Dec

8.78

8.90

10.07

10.29

10.17

7.96

8.65

8.35

8.63

8.12

9.13

9.00

Annual

7.90

7.32

7.53

7.71

7.88

7.43

7.15

7.61

7.64

7.63

7.76

7.60
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Figure 2. Wind rose for the period of 2006-2016 at NDBC BUZ3M Buzzards Bay station.
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2.4

Sea Surface Height (Tides) Data

Sea surface height (“SSH”) characteristics were used for both developing model forcing and for
verification of the hydrodynamic model predictions. Four different sources of data were used for this
study. The data were available either as time histories of observations of water surface elevation or in
the form of harmonic constituents. Harmonic constituents are the amplitude and phase of known
periodic constituents of the tidal signal and the tidal signal is the sum of all constituents signal added
together by superposition. The amplitude describes the difference between a mean sea level datum
and the peak water level for a constituent and the phase describes the timing of the signal relative to a
time datum. The constituent period determines the time for one full oscillation of the signal. Tidal
harmonic constituents names indicate the approximate period (e.g., M2 is ~twice daily and O1 is ~once
daily).
The publicly available output from the TPXO7 global tidal model developed by Oregon State University
(“OSU”) was used as a source of characterizing the tides for use in hydrodynamic model boundary
forcing. This model output contains tidal harmonic constituent data on a ¼ degree resolution across the
globe. The model was based on data from the TOPEX/Poseidon and Jason satellites and the model
methodology is documented in Eggbert et al. (1994) and Ebgert and Erofeeva (2002). A summary of the
constituents obtained and their period is provided in Table 2. Details on the spatially varying amplitude
and phase are provided in Section 3.
Table 2. Tidal constituents used as boundary forcing
Name

M2
S2
N2
K1
O1

Constituent

Speed
(degrees/hour)

Period
(hours)

Principal lunar semidiurnal constituent
Principal solar semidiurnal constituent
Larger lunar elliptic semidiurnal constituent
Lunar diurnal constituent
Lunar diurnal constituent

28.98
30.00
28.44
15.04
13.94

12.42
12.00
12.66
23.93
25.82

Observational based tidal harmonic data was obtained from NOAA Tides and Currents for stations within
the study area (see Figure 3). The harmonic constituents provided by NOAA are based on a harmonic
analysis of observed water levels at observations stations. These constituents were used to develop the
time histories of sea surface height at each location for different periods of time using the publicly
available T_Tide Matlab Toolbox with methodologies of the toolbox described in Pawlowicsz et al.
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(2002). The time histories were used to validate model predictions. The NOAA published amplitude and
phase for M2, N2, S2, K1, M4 and O4 constituents are in Table 3 and Table 4 respectively.
Both time histories of observational data and published harmonic constituents from Grilli et al. (2010)
characterizing the tides at two of the Rhode Island Ocean Special Area Management Plan (“OSAMP”)
offshore buoys (“POF” and “POS”) were used in this study. The location of the buoys is as shown in
Figure 3; note that the OSAMP had a total of four buoys but only two collected pressure which was
converted to water depth to capture the tides. The data was available from October 2009 through June
2010 at a two hour time step. The amplitude and phase for the M2, N2, S2, K1, M4 and O4 for the
OSAMP stations are in Table 3 and Table 4, respectively.
Table 3. Summary of amplitudes of harmonic constituents in the vicinity of the study domain
Location
Sandy Point
Montauk
Newport
Nantucket
Chatham
POS
POF

Summary of Harmonic Constituent Amplitude (m)
M2
S2
N2
K1
Source
NOAA
0.688 0.134 0.158 0.103
NOAA
0.302 0.065 0.079 0.074
NOAA
0.505 0.108 0.124 0.062
NOAA
0.439 0.047 0.113 0.092
NOAA
0.713 0.089 0.139 0.103
Grilli et al. 0.443 0.095 0.104 0.073
Grilli et al. 0.452 0.098 0.111 0.068

M4
0.016
0.023
0.057
0.028
0.042
0.047
0.048

O1
0.054
0.054
0.047
0.084
0.088
0.022
0.034

Table 4. Summary of phases of harmonic constituents in the vicinity of the study domain
Location
Sandy Point
Montauk
Newport
Nantucket
Chatham
POS
POF

Summary of Harmonic Constituent Phase (degrees)
M2
S2
N2
K1
Source
NOAA
6.0
32.6 348.6 175.7
NOAA
46.8 56.6 22.2 178.7
NOAA
2.3
25.0 345.8 166.1
NOAA
134.7 166.7 102.5 221.6
NOAA
140.0 182.1 108.5 237.6
Grilli et al. 3.9
18.7 350.5 166.8
Grilli et al. 0.9
18.2 344.7 167.2
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M4
269.7
342.7
35.8
25.5
172.7
193.3
194.8

O1
172.5
209.8
202.0
215.9
223.4
16.3
7.4
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2.5

Current Observations

Observations of currents were obtained from four OSAMP stations (MDF, MDS, POF, POS). The location
of these buoys is shown in Figure 3. At each station currents were obtained at multiple depths through
the water column through a number of different vertical bins. A summary of metrics for each station is
provided in Table 5. The current observations were used for verification of model predictions.
Table 5. Summary of stations with current observations

2.6

Source

Station
Name

Time
Step
(hr)

Start Day
Obtained

End Day
Obtained

Bin
Resolution
(m)

OSAMP
OSAMP
OSAMP
OSAMP

POS
POF
MDF
MDS

2
2
1
1

9/15/2009
9/15/2009
10/9/2009
10/9/2009

1/15/2010
1/15/2010
6/10/2010
5/21/2010

0.75
0.75
1
1

Sediment Grain Size Distribution Data

This study utilized sediment data from two separate field campaigns, one focused on the WDA and the
other focused on the OECCs. The sample sites and details on the grain size are documented in Section 2
of COP Volume II and the reader is referred there for details. The samples in the WDA were vibracore
samples which included multiple analyses of the boring data at various depths. The samples obtained
along the OECCs were a combination of surface grab samples, which are applicable to the upper half
meter of the seabed, and vibracores which had grain size analyses reported at multiple depths. The
details on the samples that were used to develop inputs to the sediment transport modeling are
provided in Section 4 of this report.
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Figure 3. Map showing locations of environmental data sources.
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Hydrodynamic Modeling
The first modeling task was the development, validation, and application of a three-dimensional
hydrodynamic model application of a domain that includes all Project activities. RPS’ HYDROMAP
hydrodynamic model (Isaji et al., 2001) was used to model the circulation pattern and water volume flux
through the study area and to provide hydrodynamic conditions (spatially and temporally varying
currents) for input to the sediment dispersion model. The hydrodynamic modeling task included
gathering and analyzing environmental data, development of a hydrodynamic model grid and boundary
conditions, validation of model performance for a period with observations, and development of
currents for a timeframe characterized by typical wind conditions to be used in sediment transport
simulations.
The circulation (currents) in the Project Area are tidally dominated (Spaulding & Gordon, 1982) with
wind and density variations playing a smaller role. The tidal currents in the Project Area are a
combination of rectilinear reversing currents and rotary currents (Haight, F.J., 1936) and are
predominately semi-diurnal and diurnal. Notably strong tidal (peaks greater than 1.5 m/s) currents exist
in the area surrounding the Muskeget channel located between Nantucket Sound and the waters of the
Atlantic Ocean (NOAA, 2017).
Tidal currents are present throughout the water column and their predominance is clear when
evaluating observed current data, particularly near the bottom where resuspended sediment will be
introduced to the water column from the cable installations. Wind can influence surface through
bottom currents at times, depending on the wind speed and water depth, and therefore plays a minor
role in the transport of sediments in the majority of the Project Area. Therefore, since the tidal currents
exhibit cyclical, repeating patterns and are not characterized by season, wind was chosen as the metric
for identifying an environmental timeframe for use in sediment transport and dispersion modeling.
Environmental data including shoreline, bathymetry, winds, tidal elevations and currents were acquired
in order to gather an understanding of the currents in and surrounding the Project activities. The data
were gathered both for use in developing model forcing and for validating model predictions.

3.1

HYDROMAP Description

HYDROMAP, developed by RPS (formerly ASA), is a globally re-locatable hydrodynamic model capable of
simulating complex circulation patterns due to tidal forcing ,wind stress and fresh water flows quickly
and efficiently anywhere on the globe. HYDROMAP employs a novel step-wise-continuous-variable
rectangular (“SCVR”) gridding strategy with up to six levels of resolution. The term “step-wise-
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continuous” implies that the boundaries between successively smaller and larger grids are managed in a
consistent integer step. The advantage of this approach is that large areas of widely differing spatial
scales can be addressed within one consistent model application. Grids constructed by the SCVR are still
“structured,” so that arbitrary locations can be easily located to corresponding computational cells. This
mapping facility is particularly advantageous when outputs of the hydrodynamics model are used in
subsequent application programs (e.g., Lagrangian particle transport model) that use another grid or
grid structure.
The hydrodynamic model solves the three-dimensional conservation equations in spherical coordinates
for water mass, density, and momentum with the Boussinesq and hydrostatic assumptions applied.
These equations are solved subject to the following boundary conditions:
1) At land boundaries the normal component of velocity is set to zero;
2) At the open boundaries the sea surface elevation is specified by the dominant tidal constituents,
each with its own amplitude and phase from a reference time zone, or as a time series of total
surface elevation defined relative to the local surface elevation;
3) At the sea surface the applied stress due to the wind is matched to the local stress in the water
column and the kinematic boundary condition is satisfied; and
4) At the sea floor a quadratic stress law, based on the local bottom velocity, is used to represent
frictional dissipation and a friction coefficient parameterizes the loss rate.
The numerical solution methodology follows that of Davies (1977) and Owen (1980). The vertical
variations in horizontal velocity are described by an expansion of Legendre polynomials. The resulting
equations are then solved by a Galerkin-weighted residual method in the vertical and by an explicit finite
difference algorithm in the horizontal. A space staggered grid scheme in the horizontal plane is used to
define the study area. Sea surface elevation and vertical velocity are specified in the center of each cell
while the horizontal velocities are given on the cell face. To increase computational efficiency, a "splitmode" or "two mode" formulation is used (Owen, 1980; Gordon, 1982). In the split-mode, the freesurface elevation is treated separately from the internal, three-dimensional flow variables. The freesurface elevation and vertically integrated equations of motion (external mode), for which the CourantFriedrichs-Lewis (“CFL”) limit must be met, is solved first. The vertical structure of the horizontal
components of the current then may be calculated such that the effects of surface gravity waves are
separated from the three-dimensional equations of motion (internal mode). Therefore, surface gravity
waves no longer limit the internal mode calculations and much longer time steps are possible. The
interested reader is directed to Isaji et al. (2001), and Isaji and Spaulding (1984) for a detailed
description of the model physics and numerical implementation.
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3.2

HYDROMAP Model Application

The model application was developed for simulations in the three-dimensional mode.

First an

application was developed for a period with available in-situ current observations to verify model
performance. Subsequent to model verification an additional scenario application was developed for a
period that reflected typical wind conditions. The scenario application output was used in the sediment
dispersion modeling. The main model application features are the model grid and bathymetry and the
boundary forcing. These features are described in more detail below.

3.2.1 Model Grid
The model domain extended from approximately Provincetown (northeast extent) at the northern tip of
Cape Cod to Sandy Hook, NJ (southwest extent) south of New York City including Nantucket Sound,
Martha’s Vineyard Sound, Buzzards Bay, Narragansett Bay, Block Island Sound, Rhode Island Sound and
Long Island Sound. The domain is significantly larger than the Project Area, however the extent was
chosen to best locate and define open boundary conditions.
The shoreline for the domain was developed based on merging shoreline data from each of the relevant
states (MA, RI, CT and NY). The grid is mapped to the shoreline, with a coarse resolution at distances
farther away from the immediate Project Area and fine resolution in the areas closest to Project
activities or where necessary to capture the physical characteristics of the study area.
Figure 4 shows the computational model grid cells for the entire domain, consisting of 24,313 active
water cells. At the open eastern and southern boundaries and in the outer regions away from the WDA,
a maximum cell size of ~1.0 km was assigned. Cell resolution was increased as needed to capture finer
features and to adequately resolve coastal features within the Project Area. The finest resolution of
~125 m was applied closer to shore to capture shoreline and bathymetry changes. The model set up
allows for three dimensional model simulations, which was utilized for this study. The vertical grid is
represented by Legendre polynomials, in this instance six polynomials were used to represent the
vertical variability in the currents from tidal and wind forcing.
The model grid bathymetry was assigned by interpolating from a set of individual data points (developed
as described in Section 2.2) onto the model grid. For grid cells with multiple soundings within it, the
values are averaged and for grid cells without soundings the value is interpolated based on the closest
soundings. The final gridded bathymetry zoomed in to the Project Area in shown in Figure 5.
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Figure 4. Hydrodynamic model grid.
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3.2.2 Model Boundary Conditions
Model boundary conditions for this application included specification of tidal harmonic characteristics at
open boundary water cells at the edge of the domain and surface winds applied to all cell surfaces.

Tidal Boundary Conditions
The water circulation in the study area is tidally dominated (“REFS”) and is the key boundary forcing.
Harmonic constituent data extracted from the TPXO global tidal model was used at the model open
boundaries. Each boundary cell was assigned a unique set of the harmonic constituent amplitudes and
phases. In total, the open boundary was specified for the predominant five tidal constituents in the area:
three semi-diurnals (M2, N2, and S2) and two diurnals (K1 and O1). HYDROMAP (Isaji et al., 2001),
employs a strategy that uses the harmonic construction of astronomic tidal currents where each
harmonic (constituent) is simulated individually and then the real time tide is assembled using the
harmonic summation of these simulated constituents. The dominant tidal constituent in this region is
the M2-principal lunar semi-diurnal (twice daily) constituent. The M2 causes the sea level to rise and fall
approximately twice daily which creates currents that peak and change direction approximately twice
daily in the areas of reversing currents and rotary currents complete their rotation approximately twice
daily. Illustrations of amplitude and phase along the model grid open boundaries are shown in Figure 6.
This figure illustrates that the M2 amplitude is greater than 0.4 m in most places with the exception of
the southeast region of the domain. The figure also illustrates how the M2 phase is generally similar
parallel to Long Island and Narragansett Bay however a sharp change in phase is present southeast of
Nantucket; north of this transition the phase is again relatively similar. These notable features create
the predominately semidiurnal surface elevation and current patterns; and the sharp phase change
southeast of Nantucket contributes to relatively fast moving rotary currents within this domain.
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Figure 6. Tidal boundary forcing M2 amplitude (top) and phase (bottom). Note that phase is defined
between 0-360 degrees (and 360 degrees also equals 0 degrees) and there are no phases between 120345 degrees which is why there are no white cells per the legend above.
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Meteorological (Water Surface) Boundary Condition
The water surface boundary covers the entire gridded area, and is influenced by the wind speed and
direction. Meteorological data was obtained from the NDBC Buzzards Bay Station as described in
Section 2 and was applied to the entire grid surface.

3.2.3 Model Results
The hydrodynamic model was set up and run for two different time periods, a model verification period
that was used to verify model performance and a scenario period which was used to simulate a time
period with typical wind conditions to be used in the sediment transport modeling.

3.2.1 Model Application for Verification Period
Model-predicted surface elevations, and current speeds at multiple water depths (top – mid – bottom),
were compared to available observations to ensure the modeling was adequately reproducing tidal
amplitude, current velocity, and vertical structure of the water column. The period used for model
verification was from October 15, 2009 – November 14, 2009, this period was chosen because it had
oceanographic (current) observations from the OSAMP available. The comparison of model predictions
(pink) to either the observed signal or that reconstructed based on harmonics from predictions (blue) of
water surface elevations at the stations with tide data is presented in Figure 7 (note the figure is shown
for a shorter period to facilitate viewing). This figure shows that the model was able to recreate the
amplitude and phase well throughout the domain.
The comparison of speeds (top, middle, bottom) between model (pink) and observations (blue) are
shown in Figure 8. For clarity all levels (top, middle, bottom) were shown in the same color. The trend
of magnitude from top to bottom is high to low. This figure shows that the model is able to recreate the
trends well; however, it does overestimate the vertical shear and surface currents during periods of
relatively strong winds where the currents deviate from cyclical.

When the currents are more

predominately tidal, however, the model does well to recreate the observed trend and there is minimal
vertical shear at these locations. Note that the bottom currents are predicted well at all times and the
bottom speeds are of the most relevance to this application, indicating that the model is a good fit for
assessing Project impacts. The current speeds are relatively weak at these sites, peaking less than 0.5
m/s on most days.
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Figure 7. Comparison of model predicted to constructed tidal elevations from station harmonics at
stations within the model domain. Modeled data is shown in pink and reconstructed data in blue. Y-axis
for each sub plot ranges from -1.5 m to 1.5 m.
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Figure 8. Comparison of model predicted to observed currents at stations within the model domain.
Modeled data is shown in pink and observed data in blue. A representative top, middle and bottom
proxy is plotted.
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3.2.1 Model Application for Scenario Period
Once the model performance was verified a second application for a period with typical winds was
modeled. The period modeled was from April 10, 2006 – May 21, 2006. Snapshots of typical flood and
ebb bottom current speeds and patterns are shown in Figure 9 and Figure 10, respectively; surface
speeds are of a similar pattern, however, a slightly stronger magnitude. The currents are variable
throughout the Project and are relatively weak within the WDA, though they increase sharply through
Muskeget Channel. Within Vineyard Sound the currents are moderate, as they decrease towards the
coast.
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Figure 9. Snapshot showing peak flood current. Cells are contoured by speed magnitude and vectors
(sub-sampled for every 4th cell for clarity) show direction.

Figure 10. Snapshot showing peak ebb current. Cells are contoured by speed magnitude and vectors
(sub-sampled for every 4th cell for clarity) show direction.
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Suspended Sediment Modeling
4.1

SSFATE Description

SSFATE (Suspended Sediment FATE) is a three-dimensional Lagrangian (particle) model developed jointly
by the US Army Corps of Engineers (“USACE”) Environmental Research and Development Center
(“ERDC”) and Applied Science Associates (now part of RPS) to simulate sediment resuspension and
deposition originally from marine dredging operations. Model development was documented in a series
of USACE Dredging Operations and Environmental Research (“DOER”) Program technical notes (Johnson
et al., 2000; Swanson et al., 2000); at previous World Dredging Conferences (Anderson et al., 2001) and
a series of Western Dredging Association Conferences (Swanson et al., 2006; Swanson and Isaji, 2004).
Following dozens of technical studies which demonstrated successful application to dredging, SSFATE
was further developed to include the simulation of cable and pipeline burial operations using water jet
trenchers (Swanson et al., 2006) and mechanical ploughs, as well as sediment dumping and dewatering
operations. The current modeling system includes a GIS-based interface for visualization and analysis of
model output.
SSFATE computes TSS concentrations in the water column and sedimentation patterns on the seabed
resulting from sediment disturbing activities. The model requires a spatial and time varying circulation
field (typically from hydrodynamic model output), definition of the water body bathymetry, and
parameterization of the sediment disturbance (source), which includes sediment grain size description
and sediment flux description. The model predicts the transport, dispersion and settling of suspended
sediment released to the water column. The focus of the model is on the far-field (i.e., beyond the
initial disturbance) processes affecting the dispersion of suspended sediment.

The model uses

specifications for the suspended sediment source strengths (i.e., mass flux), vertical distributions of
sediments and sediment grain-size distributions to represent loads to the water column from different
types of mechanical or hydraulic dredges, sediment dumping practices or other sediment disturbing
activities such as jetting or ploughing for cable or pipeline burial. Multiple sediment types or fractions
can be simulated simultaneously as can discharges from moving sources.
SSFATE has been successfully applied to a number of recent modeling studies with these studies
receiving acceptance from federal and state regulatory agencies.
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4.1.1 Model Theory
SSFATE addresses the short-term movement of sediments that are disturbed during mechanical
ploughing, hydraulic jetting, dredging, and other processes where sediment is resuspended into the
water column. The model predicts the three-dimensional path and fate of the sediment particles based
on sediment properties, sediment loading characteristics, and environmental conditions (bathymetry
and currents). The computational model utilizes a Lagrangian or particle-based scheme to represent the
total mass of sediments suspended over time. The particle-based approach provides a method to track
suspended sediment without any loss of mass as compared to Eulerian (continuous) models due to the
nature of the numerical approximation used for the conservation equations. Thus, the method is not
subject to artificial diffusion near sharp concentration gradients and can easily simulate all types of
sediment sources.
Sediment particles in SSFATE are divided into five size classes (see Table 6. ), each having unique
behaviors for transport, dispersion, and settling. For any given location (segment of the route), the
sediment characterization is defined by this set of five classes with each class representing a portion of
the distribution and all five classes sum up to 100%. The model determines the number of particles to
be used per time step depending on the model time step and the overall duration, in this way ensuring
equal number of particles used to define the source throughout the simulation. A minimum of one
particle per sediment size class per time step is enforced however typically multiples are used. The mass
per particle varies depending on the total number of particles released, the grain size distribution and
the mass flux per time step.
Table 6. Sediment size classes used in SSFATE
Description

Class

Type

Size Range
(microns)

Fine

Coarse

1

Clay

0-7

2

Fine silt

8-35

3

Coarse silt

36-74

4

Fine sand

75-130

5

Coarse sand

>130

Horizontal transport, settling, and turbulence-induced suspension of each particle are computed
independently by the model for each time step. Particle advection is based on the relationship that a
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particle moves linearly, in three-dimensions, with a local velocity obtained from the hydrodynamic field,
for a specified model time step. Diffusion is assumed to follow a simple random walk process. The
diffusion distance is defined as the square root of the product of an input diffusion coefficient and at
each time step is decomposed into X and Y displacements via a random direction function. The vertical
Z diffusion distance is scaled by a random positive or negative direction.
Particle settling rates are calculated using Stokes equations and based on the size and density of each
particle class. Settling of mixtures of particles is a complex process due to interaction of the different
size classes, some of which tend to be cohesive and thus clump together to form larger particles that
have different settling rates than would be expected from their individual sizes. Enhanced settlement
rates due to flocculation and scavenging are particularly important for clay and fine-silt sized particles
(Teeter 1998; Swanson 2004) and these processes have been implemented in SSFATE. These processes
are bound by upper and lower concentrations limits, defined through empirical studies, which
contribute to flocculation for each size class of particles. Above and below these limits, particle
collisions are either too infrequent to promote aggregation or so numerous that the interactions hinder
settling.
Deposition is calculated as a probability function of the prevailing bottom stress and local sediment
concentration and size class. The bottom shear stress is based on the combined velocity due to waves
(if used) and currents using the parametric approximation by Soulsby (1998). Sediment particles that
are deposited may be subsequently resuspended into the lower water column if critical levels of bottom
stress are exceeded, and the model employs two different resuspension algorithms. The first applies to
material deposited in the last tidal cycle (Lin et al., 2003). This accounts for the fact that newly
deposited material will not have had time to consolidate and will be resuspended with less effort (lower
shear force) than consolidated bottom material. The second algorithm is the established Van Rijn
method (Van Rijn, 1989) and applies to all other material that has been deposited prior to the start of
the last tidal cycle. Swanson et al. (2007) summarize the justifications and tests for each of these
resuspension schemes. Particles initially released by operations are continuously tracked for the length
of the simulation, whether in suspension or deposited.
For each model time step, the suspended concentration of each sediment class as well as the total
concentration is computed on a concentration grid. The concentration grid is a uniform rectangular grid
in the horizontal dimension with user-specified cell size and a uniform thickness in the vertical
dimension (z-grid). The concentration grid is independent of the resolution of the hydrodynamic data
used to calculate transport, thus supporting finer spatial differentiation of plume concentrations and
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avoiding underestimation of concentrations caused by spatial averaging over larger volumes/areas.
Model outputs include water-column concentrations in both horizontal and vertical dimensions, timeseries plots of suspended sediment concentrations at points of interest, and thickness contours of
sediment deposited on the sea floor. Deposition is calculated as the mass of sediment particles that
accumulate over a unit area and is calculated on the same grid as concentration. Because the amount of
water in the sediment deposited is not known, SSFATE by default converts deposition mass to thickness
by assuming no water content.
For detailed description of the SSFATE model equations governing sediment transport, settling,
deposition, and resuspension, the reader is directed to Swanson et al. (2007).

4.2

Description of SSFATE Model Set-up

Setup of a SSFATE model scenario consists of defining how each sediment disturbance activity will be
parameterized and establishing the sediment source terms as well as defining environmental and
numerical calculation parameters. For each scenario the source definition includes defining:
•

The geographic extent of the activity (point release vs. line source)

•

The grain size distribution along the route

•

The timing and duration of the activity

•

The volumes, cross-sectional areas and depths of the trench or excavation pit

•

The production (advance) rate for each sediment disturbance method

•

Loss (mobilization) rates for each sediment disturbance method

•

The vertical distribution of sediments as they are initially released to the water column

The sediment source for cable installation simulations is defined through a load source file. The load
source files provide definition of the location of the sources, the mass flux of sediment disturbed
through operations, the loss rate of the disturbed flux that is resuspended in to the water column, the
vertical position of the mass introduced to the water column, and the grain size distribution of the mass
introduced to the water column along the route of installation. A component of the sediment grain size
distribution is a definition of the percent solids which is used in the mass flux calculation. Bed sediments
contain some water within interstitial pore spaces and therefore the trench volume consists of both
sediment and interstitial water. Therefore, the percent solid of the sediment sample as based on
laboratory measure of moisture content is used in the calculation of total mass flux. The sediment
source can vary spatially. Therefore, the line source file is discretized to multiple entries, each
representing a segment of the route with uniform characteristics and is broken in to small segments as
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needed to capture curved route geometry. The segments are defined in order to provide a continuous
definition of the route aligned with the installation plan.
A model scenario also requires characterization of the environment including a definition of the spatially
and time varying currents in the study area (HYDROMAP output) and the water body bathymetry in the
study area. Model setup also requires specification of the concentration and deposition grid which is
the grid at which concentration and deposition calculations are made.

The concentration and

deposition grid in SSFATE is independent of the resolution of the hydrodynamic or bathymetric data
used as inputs; this allows finer resolution which better captures water column concentrations without
being biased by numerical diffusion. The concentration and deposition gridding is based on a prescribed
square gird resolution in the horizontal plan view and a constant thickness in the vertical. The extent of
the concentration is determined dynamically, fit to the extent the sediments travel.

4.3

Study Scenario Definition

A number of SSFATE model scenarios were run to encompass the potential cable routes included in the
Project Envelope. The scenarios have been separated into two functional components: (1) the interarray cables located within the WDA and (2) the offshore export cables located within the OECC. Table 7
presents the modeled scenarios and the below text describes how the modeled scenarios were selected.

Table 7. Offshore cables modeled and assessed in this study
Project Functional
Component

OECC
Trunk
Name

Landing Location
Name

Landing
Modeling
Number

Connector
Path(s)
Needed

Total
Modeling
Components

Total
Route
Length
(km)

Representative inter-array

NA

NA

NA

NA

IA1

19.1

Offshore ECC - Western

Western 1

Covell's Beach

Landing 1

NA

W1-L1

58.3

Offshore ECC - Western

Western 1

New Hampshire Ave

Landing 2

C2

W1-C2-L2

66.1

Offshore ECC - Western

Western 1

Great Island

Landing 3

C2 + C3

W1-C2-C3-L3

66.3

Offshore ECC - Western

Western 2

Covell's Beach

Landing 1

NA

W2-L1

61.2

Offshore ECC - Western

Western 2

New Hampshire Ave

Landing 2

C2

W2-C2-L2

69.0

Offshore ECC - Western

Western 2

Great Island

Landing 3

C2 + C3

W2-C2-C3-L3

69.2

Offshore ECC - Eastern

Eastern 1

New Hampshire Ave

Landing 2

NA

E1-L2

71.3

Offshore ECC - Eastern

Eastern 2

Great Island

Landing 3

NA

E2-L3

65.3
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Inter-array Cable
The representative inter-array route modeled was selected from a representative layout of the set of
inter-array cables that was provided by Vineyard Wind. The individual component with the longest
length was chosen to be modeled. Both the potential layout and the individual component modeled are
shown in Figure 11.

Figure 11. Representative inter-array cable layout and modeled component.
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Offshore Export Cable Corridor
The Project includes two primary OECC routes-referred to as the Western Corridor and the Eastern
Corridor-with three associated landfall sites: Covell’s Beach, New Hampshire Avenue, and Great Island.
A total of eight unique OECC are being considered in the Project Envelope:
1. Western Corridor, west through Muskeget to Covell’s Beach
2. Western Corridor, west through Muskeget to New Hampshire Avenue
3. Western Corridor, west through Muskeget to Great Island
4. Western Corridor, east through Muskeget to Covell’s Beach
5. Western Corridor, east through Muskeget to New Hampshire Avenue
6. Western Corridor, east through Muskeget to Great Island
7. Eastern Corridor to New Hampshire Avenue
8. Eastern Corridor to Great Island
As shown in Table 7, to facilitate modeling and to account for overlap between the eight possible routes,
the OECC was modeled in various components. The main portion or “trunk” of each potential route was
modeled as an individual simulation. The main trunk of the Western OECC was named by its path
relative to the Muskeget Channel, either west through the channel (referred to here as “Western 1”) or
east through the channel (referred to here as “Western 2”). The main trunks of the Eastern OECC were
named by their path to the landfall site, either along a western fork to New Hampshire Avenue (referred
to here as “Eastern 1”) or along an eastern fork to Great Island (referred to here as “Eastern 2”). In
addition to the main trunks, the remaining shorter routes that provide the connection to the three
landfall sites under consideration were all modeled individually.
The components of the envelope OECC are shown in Figure 12 through Figure 16. For reference, the
outline of the WDA has been shown in these figures along with three trunk termination points, which
illustrate the point at which the trunk ends and the connection to landfall begins as delineated for the
purposes of modeling. The western trunks, Western 1 and Western 2, are shown in Figure 12 and Figure
13, respectively and the eastern trunks, Eastern 1 and Eastern 2, are shown in Figure 14 and Figure 15,
respectively. The set of landing and connector components are shown in Figure 16.
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Figure 12. Western 1 trunk component.
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Figure 13. Western 2 trunk component.
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Figure 14. Eastern 1 trunk component.
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Figure 15. Eastern 2 trunk component.
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Figure 16. Landings and connector components modeled individually.

All components that are considered part of the Project Envelope were modeled as based on established
“typical” installation parameters. In addition a “maximum impact” scenario using more conservative
assumptions for the representative inter-array scenario and one OECC trunk were modeled to address
uncertainty in model input assumptions and project details. A summary of the individual SSFATE
modeling scenarios is presented in Table 8.
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Table 8. Individual SSFATE model scenarios
Scenario
Number

Project
Component

Scenario
Category

Model Scenario Components

Model Scenario
ID

1
2

WDA inter-array
WDA inter-array

Typical
Maximum impact

Representative inter-array
Representative inter-array

WDA-IA1-Typ
WDA-IA1-Max

3

OECC

Typical

Western 1 - trunk

OECC-W1-Typ

4

OECC

Typical

Western 2 - trunk

OECC-W2-Typ

5

OECC

Typical

Eastern 1 - trunk

OECC-E1-Typ

6

OECC

Typical

Eastern 2 - trunk

OECC-E2-Typ

7

OECC

Typical

Landing 1

OECC-L1-Typ

8

OECC

Typical

Landing 2

OECC-L2-Typ

9

OECC

Typical

Landing 3

OECC-L3-Typ

10

OECC

Typical

Connector 2

OECC-C2-Typ

11

OECC

Typical

Connector 3

OECC-C3-Typ

12

OECC

Maximum impact

Eastern 2 - trunk

OECC-E2-Max

The typical and maximum impact installation parameters were developed based on typical modeling
assumptions and discussions with the Project team and are as summarized in Table 9. The typical
installation will have a one meter wide trench that is two meters deep and the installation will advance
at a rate of 200 m/hr. The maximum impact installation was assumed to have a one meter wide and
three meters deep trench (more volume/mass of sediment) and was assumed to advance at a rate of
300 m/hr (increased mass flux). Mobilization fraction or percentage (often referred to as the loss rate or
resuspension rate) during installation for the envelope of installation methods typically range from 1035% (Foreman, 2002). The typical sediment mobilization fraction was assumed to be 25% and maximum
impact simulations assumed the upper limit of 35%. For both typical and maximum impact simulations,
the mass is assumed to be initialized in the bottom three meters (or less when depths are shallower
than three meters) of the water column per Table 10.
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Table 9. Summary of typical and maximum impact parameters
Trench
Trench Volume Advance
Percent
Trench
Scenario
Depth
Mobilized
Grain Size Distribution
Width
per
Rate
Description
(m)
(%)
(m)
meter
(m/hr)
(m3)
1
2
2
200
25
Typical
Depth weighted to 2m*
1
3
3
300
35
Maximum impact Depth weighted to 3m*
*Details of the procedure to develop depth weighted grain size distributions are provided in Section 4.4.

Table 10. Summary of vertical initial distribution of mass

Cumulative
Percent
Mass (%)
29
57
85
95
100

4.4

Individual
Percent
Mass (%)
29
28
28
10
5

Height
Above
Bottom
(m)
0.33
0.66
1
2
3

Sediment Grain Size Distribution

The sediment grain size distribution is a key factor of the sediment load characterization used as input to
the SSFATE model. The text below describes the development of sediment characterization used as
input to the SSFATE model.

4.4.1 Sediment Grain Size Distribution for Inter-array Cable Burial Simulations
Sediment boring samples from three different locations in the WDA were available for analysis. Each
sediment boring sample had laboratory measurements of the sediment grain size and water content at
various depths. The distributions were discretized to determine the fraction in each of the five bin
categories used in SSFATE (see Table 6). For the purposes of modeling the installation activities, only the
sediments at depths consistent with the depths of disturbance are relevant to characterizing the
sediment loading. Figure 17 illustrates the distributions at each of the three locations at depths within
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close proximity to the target burial depth.
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4.4.2 Sediment Grain Size Distribution for Offshore Export Cable Corridor Cable Burial
Simulations
A combination of surface grab samples and sediment cores were available at locations along the OECCs.
The grab samples contained both sieve and hydrometer analysis as well as moisture content, and were
taken within the upper half meter of the seabed. The vibracore stations all yielded sieve data and a few
stations also contained hydrometer analysis. Sediment analysis at multiple depths (typically two) within
the upper three meters of the seabed were available at most vibracore stations, however they did not
include analysis of the surface sediments; therefore, this information was obtained from the grab
samples as described below. All vibracore stations analysis included a measure of moisture content.
The distributions at each location at each depth were discretized to determine the fraction in each of
the five bin categories used in SSFATE. For all stations without hydrometer data, the remaining fraction
(percent finer than fine sand) was split evenly in the three bins of clay, fine silt, and coarse silt. A depth
weighted average sample at each of the vibracore station locations was developed by assuming the
nearest grab sample characterization represented the upper half meter and then combining this number
with all remaining samples to determine the depth weighted characterization for the target depth. The
resulting sediment characterizations for the typical (two meter target depth) and maximum impact
(three meter target depth) are illustrated in Figure 20 and Figure 21, respectively.
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4.5

SSFATE Results

SSFATE simulations were performed for each sediment disturbance activity. Sediment concentrations
were computed on a grid with resolution of 50 m x 50 m in the horizontal dimension and 0.5 m in the
vertical dimension. The model time step was 10 minutes and the model output was saved every 20
minutes.

Model predicted concentrations are “excess” concentrations above the background

concentration (i.e., a concentration of 0 mg/L is assumed for the ambient concentration in the Project
Area).
The results from the model runs are presented through a set of figures and tables. Maps of maximum
excess TSS concentration and seabed deposition are provided for each modeled scenario
(representative inter-array, OECC trunks and landing/connector components) and tables of areas over
specific excess TSS concentration thresholds for specific durations as well as areas of seabed deposition
over specific thickness thresholds are presented for the representative inter-array cable and the each of
the total OECC routes. The results provided for the entire OECC route were developed through
summation of output from all its corresponding components. Further, for the first set of results for the
inter-array cable and the OECC trunk, examples of instantaneous concentration snapshot are presented
to provide further details.
Further details on the standard graphical outputs that are provided for each scenario are provided
below.
(i)

Map of maximum TSS concentrations. These figures show the maximum water column
concentration from the entire water column in a plan view map based view. The upper
inset shows the cross-sectional view of concentrations from which it can be seen where in
the water column the maximum occurred, this cross section is not to scale while the plan
based map view is to scale. For inter-array cable simulations, the cross section runs across
the path of the cable. For OECC simulations the cross section starts at the northern extent
of the WDA offshore and runs along the path of the cable towards shore. For the segments
connecting the OECC to landfall location the cross section runs from offshore to onshore.
The concentrations are shown as contours, delineated at levels in units of mg/L tied to
biological significance. The entire area within the contour is at or above the contour level.
Most importantly it should be noted that this map shows the maximum that occurred
throughout the entire simulation and (1) these concentrations do not persist throughout the
entire simulation and may be just one time step (30 minutes); and (2) these concentrations
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do not occur synoptically but are the integrated spatial view of maximum concentrations
that the model predicted.
(ii)

Map of seabed deposition. These figures show the deposition on the seabed that would
occur once the activity has completed.

The thickness levels are shown as contours,

delineated at levels in units of mm tied to biological significance. The entire area within the
contour is at or above the contour level.
The modeled route centerline is shown in each figure plan view. The centerline is shown in brown and is
not to scale. The outline of the WDA is shown in figures of the inter-array cables and OECC trunk routes.
The Landfall Sites are shown for reference in the figures of the OECC trunk routes and the
landing/connector figures.

4.6

SSFATE Application to the inter-array cables in the WDA

A snapshot of instantaneous excess TSS concentration associated with the installation of the inter-array
cable using typical installation parameters is presented in Figure 22. In this figure, the cross-sectional
view runs across the centerline. This figure illustrates that the higher concentrations are centered
around the centerline with lower concentrations biased towards the northeast – which is due to the
currents moving towards the northeast at the time of the snapshot. The vertical cross section shows
that all concentrations are constrained to the bottom of the water column with the higher
concentrations closest to the bottom and lower concentrations at increasing distance above the bottom.
The map of maximum concentrations for the typical inter-array cable is presented in Figure 23. The
overall footprint shows how the plume oscillates with the tides, which is reflective in the oscillations of
the 10 mg/L (dark blue) contour back and forth around the route centerline. The higher concentrations,
above 10 mg/L, generally remain centered around the route centerline. The 10 mg/L contour has a
maximum excursion of ~3.4 km from the centerline and the 50 mg/L contour has a maximum excursion
of ~340 m from the centerline though is typically within ~160 m from the centerline. In this figure, the
cross sectional view (top inset) runs across the centerline and shows that the plume is contained within
the bottom of the water column. The map of deposition thickness for this scenario is presented in
Figure 24. This figure shows that deposition is mainly centered around the route centerline with
deposition of 0.2 mm or greater limited to within ~ 200 m from the centerline and deposition does not
reach 5 mm. Both Figure 23 and Figure 24 indicate that most of the mass settles out quickly and is not
transported for long by the currents.
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Vertical Cross Section Inset
relates to cross section drawn
through plume (dashed line)

Route Centerline

WDA outline

Figure 22 Snapshot of instantaneous concentrations associated with a representative inter-array cable
installation simulation using maximum impact cable burial parameters. The upper panel shows the
vertical cross section of a line that runs through the plume (4,200 m long and 46 m deep in this
instance). The pink outline depicts the outline of the WDA and the brown line depicts the centerline of
the inter-array cable trench (note: trench thickness not to scale).

44

rpsgroup.com

Vineyard Wind Sediment Transport Modeling | December 7, 2017

Figure 23. Map of maximum concentrations associated with a representative inter-array cable
installation simulation using typical cable burial parameters. The upper panel shows the vertical cross
section of a line that runs through the plume (4,200 m long and 46 m deep in this instance). The pink
outline depicts the outline of the WDA and the brown line depicts the centerline of the inter-array cable
trench (note: trench thickness not to scale).
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Figure 24 Map of deposition thickness associated with a representative inter-array cable installation
simulation using typical cable burial parameters. The pink outline depicts the outline of the WDA and
the brown line depicts the centerline of the inter-array cable trench (note: trench thickness not to
scale).
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The map of maximum concentrations for the maximum impact inter-array cable is presented in Figure
25. The overall footprint shows how the plume oscillates with the tides, which is reflected in the
oscillations of the lower level contours back and forth around the route centerline. The higher
concentrations, above 100 mg/L, generally remain centered around the route centerline. The 10 mg/L
contours has a maximum excursion of 3.9 km from the centerline and the 50 mg/L and 100 mg/L
contours have a maximum excursion of 1.6 km and 750 m, respectively. These contours are also often
close (within ~200 m) to the plume centerline. Further, the 150 mg/L contour is nearly always within
~160 m from the centerline although it extends up to 460 m in one instance. In this figure (Figure 25),
the cross-sectional view (top inset) runs across the centerline and shows that the plume is contained
within the bottom of the water column. The map of deposition thickness for this scenario is presented
in Figure 26. This figure shows that deposition is mainly centered around the route centerline with
deposition of 0.2 mm or greater limited to within ~280 m from the centerline and deposition does not
reach 5 mm. Both Figure 25 and Figure 26 indicate that most of the mass settles out quickly and is not
transported for long by the currents. Relative to the simulation with typical installation parameters the
overall plume footprint is noticeably larger and the deposition footprint is slightly larger.
In summary, the model results indicate most of the mass settles out quickly and is not transported for
long by the currents. Excess TSS concentrations above 10 mg/L only persist at any given point for less
than six (assuming typical installation parameters) or 12 (assuming maximum impact installation
parameters) hours. The plume is confined to the bottom 3 m of the water column, which is only a
fraction of the water column in the WDA. Deposition greater than 0.2 mm is confined within 200 m to
280 m of the trench centerline for the typical and maximum impact simulations, respectively, and
maximum deposition in both simulations is less than 5 mm. Water quality impacts from inter-array
cable installation are therefore short-term and localized.

47

rpsgroup.com

Vineyard Wind Sediment Transport Modeling | December 7, 2017

Figure 25. Map of maximum concentrations associated with a representative inter-array cable
installation simulation using maximum impact cable burial parameters. The upper panel shows the
vertical cross section of a line that runs through the plume (4,097 m long and 46 m deep in this
instance). The pink outline depicts the outline of the WDA and the brown line depicts the centerline of
the inter-array cable trench (note: trench thickness not to scale).
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Figure 26. Map of deposition thickness associated with a representative Inter-array cable installation
simulation using maximum impact cable burial parameters. The pink outline depicts the outline of the
WDA and the brown line depicts the centerline of the inter-array cable trench (note: trench thickness
not to scale).
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4.7

SSFATE Application to Export Cable Corridor

This section presents results for the OECC components in the following order: the main trunks
(Western 1, Western 2, Eastern 1, Eastern 2), the segments to the start of the HDD sections near the
landfall sites (Covell’s Beach, New Hampshire Avenue, and Great Island), and the connecting segments
(Connectors 2 and 3).
The map of maximum concentrations for the simulation of the installation of the Western 1 OECC trunk
using typical installation parameters is shown in Figure 27. This figure shows the entire trunk route with
a cross section along the route centerline at the top and two insets of locations where the plume
footprint is relatively larger on the right-hand side. Each of these insets also contains a cross sectional
view at its top with the cross section running across the plume centerline.
The overall footprint shows that the plume as delineated by excess concentrations of 10 mg/L and
greater remains relatively close to the route centerline for the majority of the route with some areas
with the plume as delineated by the 10 mg/L contour transported farther from the centerline in
response to the currents. The higher concentrations, above 10 mg/L, generally remain centered around
the route centerline. The 10 mg/L contour has a maximum excursion of ~1.05 km from the centerline
though typically remains within less than ~200 m from the centerline. In this figure, the main crosssectional view (top inset) runs along the centerline and shows that the plume is contained within the
bottom of the water column close to the disturbance. This is also evident in the two insets which
present a cross section running across the centerline. The map of deposition thickness for this scenario
is presented in Figure 28 and shows the same two insets on the right-hand side. This figure shows that
deposition is mainly centered around the route centerline with deposition of 0.2 mm or greater limited
to within ~200 m from the centerline and deposition does not reach 5 mm. Both Figure 27 and Figure
28 indicate that most of the mass settles out quickly and is not transported for long by the currents.
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Figure 27. Map of maximum concentrations associated with simulation using typical cable burial
assumptions for installation of the main trunk of Western 1 OECC. The upper panel shows the vertical
cross section of a line that runs from the northern extent of the WDA (0 point) offshore towards shore
along the OECC centerline (50,666 m long and 46 m deep in this instance). The brown line depicts the
centerline of the cable trench (note: trench thickness not to scale). The blue and red box overlays
illustrate the location of the two zoomed insets outlined in blue and red, respectively.
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Figure 28. Map of deposition thickness associated with simulation using typical cable burial assumptions
for installation of the main trunk of Western 1 OECC. The brown line depicts the centerline of the interarray cable trench (note: trench thickness not to scale). The blue and red box overlays illustrate the
location of the two zoomed insets outlined in blue and red, respectively.
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The map of maximum concentrations for the simulation of the installation of the Western 2 OECC trunk
using typical installation parameters is shown in Figure 29. This figure shows the entire trunk route with
a cross section along the route centerline at the top and two insets of locations where the plume
footprint is relatively larger on the right-hand side. Each of these insets also contains a cross sectional
view at its top with the cross section running across the plume centerline.
The overall footprint shows that the plume as delineated by excess concentrations of 10 mg/L and
greater remains relatively close to the route centerline for the majority of the route with some areas
with the plume as delineated by the 10 mg/L contour transported farther from the centerline in
response to the currents. The higher concentrations, above 10 mg/L, generally remain centered around
the route centerline. The 10 mg/L contour has a maximum excursion of ~1 km from the centerline
though typically remains within less than 200 m from the centerline. In this figure, the main cross
sectional view (top inset) runs along the centerline and shows that the plume is contained within the
bottom of the water column close to the disturbance. This is also evident in the two insets which
present a cross section running across the centerline. The map of deposition thickness for this scenario
is presented in Figure 28 and shows the same two insets on the right-hand side. This figure shows that
deposition is mainly centered around the route centerline with deposition of 0.2 mm or greater limited
to within ~200 m from the centerline and deposition does not reach 5 mm. Both Figure 29 and Figure
30 indicate that most of the mass settles out quickly and is not transported for long by the currents.
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Figure 29. Map of maximum concentrations associated with simulation using typical cable burial
assumptions for installation of the main trunk of Western 2 OECC. The upper panel shows the vertical
cross section of a line that runs from the northern extent of the WDA (0 point) offshore towards shore
along the OECC centerline (52,547 m long and 46 m deep in this instance). The brown line depicts the
centerline of the cable trench (note: trench thickness not to scale). The blue and red box overlays
illustrate the location of the two zoomed insets outlined in blue and red, respectively.
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Figure 30. Map of deposition thickness associated with simulation using typical cable burial assumptions
for installation of the main trunk of Western 2 OECC. The brown line depicts the centerline of the interarray cable trench (note: trench thickness not to scale). The blue and red box overlays illustrate the
location of the two zoomed insets outlined in blue and red, respectively.
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The map of maximum concentrations for the simulation of the installation of the Eastern 1 OECC trunk
using typical installation parameters is shown in Figure 31. This figure shows the entire trunk route with
a cross section along the route centerline at the top and two insets of locations where the plume
footprint is relatively larger on the right-hand side. Each of these insets also contains a cross sectional
view at its top with the cross section running across the plume centerline.
The overall footprint shows that the plume as delineated by excess concentrations of 10 mg/L and
greater remains relatively close to the route centerline for the majority of the route with some areas
with the plume as delineated by the 10 mg/L contour transported farther from the centerline in
response to the currents. The higher concentrations, above 10 mg/L, generally remain centered around
the route centerline. The 10 mg/L contour has a maximum excursion of 1.02 km from the centerline,
though typically remains within less than 200 m from the centerline. In this figure, the main cross
sectional view (top inset) runs along the centerline and shows that the plume is contained within the
bottom of the water column close to the disturbance. This is also evident in the two insets which
present a cross section running across the centerline. The map of deposition thickness for this scenario
is presented in Figure 32 and shows the same two insets on the right-hand side. This figure shows that
deposition is mainly centered around the route centerline with deposition of 0.2 mm or greater limited
to within ~200 m from the centerline and deposition does not reach 5 mm. Both Figure 31 and Figure
32 indicate that most of the mass settles out quickly and is not transported for long by the currents.
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Figure 31. Map of maximum concentrations associated with simulation using typical cable burial
assumptions for installation of the main trunk of Eastern 1 OECC. The upper panel shows the vertical
cross section of a line that runs from the northern extent of the WDA (0 point) offshore towards shore
along the OECC centerline (64,050 m long and 38 m deep in this instance). The brown line depicts the
centerline of the cable trench (note: trench thickness not to scale). The blue and red box overlays
illustrate the location of the two zoomed insets outlined in blue and red, respectively.
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Figure 32. Map of deposition thickness associated with simulation using typical cable burial assumptions
for installation of the main trunk of Eastern 1 OECC. The brown line depicts the centerline of the interarray cable trench (note: trench thickness not to scale). The blue and red box overlays illustrate the
location of the two zoomed insets outlined in blue and red, respectively.
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The map of maximum concentrations for the simulation of the installation of the Eastern 2 OECC trunk
using typical installation parameters is shown in
Figure 33. This figure shows the entire trunk route with a cross section along the route centerline at the
top and two insets of locations where the plume footprint is relatively larger on the right-hand side.
Each of these insets also contains a cross sectional view at its top with the cross section running across
the plume centerline.
The overall footprint shows that the plume as delineated by excess concentrations of 10 mg/L and
greater remains relatively close to the route centerline for the majority of the route with some areas
with the plume as delineated by the 10 mg/L contour transported farther from the centerline in
response to the currents. The higher concentrations, above 10 mg/L, generally remain centered around
the route centerline. The 10 mg/L contour has a maximum excursion of ~1.0 km from the centerline
though typically remains within ~200 m from the centerline. In this figure, the main cross sectional view
(top inset) runs along the centerline and shows that the plume is contained within the bottom of the
water column close to the disturbance. This is also evident in the two insets which present a cross
section running across the centerline. The map of deposition thickness for this scenario is presented in
Figure 34 and shows the same two insets on the right-hand side. This figure shows that deposition is
mainly centered around the route centerline with deposition of 0.2 mm or greater limited to within
~200 m from the centerline and deposition does not reach 5 mm. Both
Figure 33 and Figure 34 indicate that most of the mass settles out quickly and is not transported for long
by the currents.
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Figure 33. Map of maximum concentrations associated with simulation using typical cable burial
assumptions for installation of the main trunk of Eastern 2 OECC. The upper panel shows the vertical
cross section of a line that runs from the northern extent of the WDA (0 point) offshore towards shore
along the OECC centerline (64,050 m long and 38 m deep in this instance). The brown line depicts the
centerline of the cable trench (note: trench thickness not to scale). The blue and red box overlays
illustrate the location of the two zoomed insets outlined in blue and red, respectively.
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Figure 34. Map of deposition thickness associated with simulation using typical cable burial assumptions
for installation of the main trunk of Eastern 2 OECC. The brown line depicts the centerline of the interarray cable trench (note: trench thickness not to scale). The blue and red box overlays illustrate the
location of the two zoomed insets outlined in blue and red, respectively.
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The map of maximum concentrations for the simulation of the installation of cable from the end of
either Western trunk to Covell’s Beach using typical installation parameters is shown in Figure 35. The
route stops short of Covell’s Beach because the remainder would be installed with HDD and not create
any resuspended sediments.
The overall footprint shows that the plume as delineated by excess concentrations of 10 mg/L and
greater remains relatively close to the route centerline with some relatively short excursions slightly
farther from the centerline. The higher concentrations, above 10 mg/L, generally remain centered
around the route centerline. The 10 mg/L contour has a maximum excursion of ~320 m from the
centerline though is predominately within ~200 m from the centerline. In this figure, the cross sectional
view (top inset) runs along the centerline and shows that the plume is contained within the bottom of
the water column close to the disturbance, however since the route transects shallow waters there are
places where the plume will be evident throughout the entire water column. The map of deposition
thickness for this scenario is presented in Figure 36. This figure shows that deposition is mainly
centered around the route centerline with deposition of 0.2 mm or greater limited to within ~160 m
from the centerline and deposition does not reach a thickness of 5 mm. Both Figure 35 and Figure 36
indicate that most of the mass settles out quickly and is not transported for long by the currents.
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Figure 35. Map of maximum concentrations associated with simulation using typical cable burial
assumptions for installation of the landing at Covell’s Beach from end of either Western main trunk. The
upper panel shows the vertical cross section of a line that runs from offshore to onshore along the route
centerline (11,469 m long and 13 m deep in this instance). The brown line depicts the centerline of the
cable trench (note: trench thickness not to scale).
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Figure 36. Map of deposition thickness associated with simulation using typical cable burial assumptions
for installation of the landing at Covell’s Beach from end of either Western main trunk.
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The map of maximum concentrations for the simulation of the installation of cable from the end of the
Connector 2/Eastern 1 trunk to New Hampshire Ave using typical installation parameters is shown in
Figure 37. The route stops short of New Hampshire Ave because the remainder would be installed with
HDD which does not create any resuspended sediments.
The overall footprint shows that the plume as delineated by excess concentrations of 10 mg/L and
greater remains relatively close to the route centerline with some relatively short excursions slightly
farther from the centerline. The higher concentrations, above 10 mg/L, generally remain centered
around the route centerline. The 10 mg/L contour has a maximum excursion of ~325 m from the
centerline though is typically within ~200 m from the centerline. In this figure, the cross sectional view
(top inset) runs along the route centerline and shows that the plume is contained within the bottom of
the water column close to the disturbance, however since the route transects shallow waters there are
places where the plume will be evident throughout the entire water column. The map of deposition
thickness for this scenario is presented in Figure 38. This figure shows that deposition is mainly
centered around the route centerline with deposition of 0.2 mm or greater limited to within 160 m from
the centerline and deposition does not reach a thickness of 5 mm. Both Figure 37 and Figure 38 indicate
that most of the mass settles out quickly and is not transported for long by the currents.
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Figure 37. Map of maximum concentrations associated with simulation using typical cable burial
assumptions for installation of the landing at New Hampshire Ave from end the end point of
Connector 2 or Eastern 1 trunk. The upper panel shows the vertical cross section of a line that runs from
offshore to onshore along the route centerline (9,225 m long and 7 m deep in this instance). The brown
line depicts the centerline of the cable trench (note: trench thickness not to scale).
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Figure 38. Map of deposition thickness associated with simulation using typical cable burial assumptions
for installation of the landing at New Hampshire Ave from end the end point of Connector 2 or Eastern 1
trunk.
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The map of maximum concentrations for the simulation of the installation of cable from the end of
Connector 3/Eastern 2 trunk to Great Island using typical installation parameters is shown in Figure 39.
The route stops short of Great Island because the remainder would be installed with HDD and not create
any resuspended sediments.
The overall footprint shows that the plume as delineated by excess concentrations of 10 mg/L and
greater remains relatively close to the route centerline with some relatively short excursions slightly
farther from the centerline. The higher concentrations, above 10 mg/L, generally remain centered
around the route centerline. The 10 mg/L contour has a maximum excursion of ~495 m from the
centerline in one isolated pocket of excess concentration. Typically the 10 mg/L contour remains within
180 m from the centerline. In this figure, the cross sectional view (top inset) runs along the centerline
and shows that the plume is contained within the bottom of the water column close to the disturbance,
however since the route transects shallow waters there are places where the plume will be evident
throughout the entire water column. The map of deposition thickness for this scenario is presented in
Figure 40. This figure shows that deposition is mainly centered around the route centerline with
deposition of 0.2 mm or greater limited to within 140 m from the centerline and deposition does not
reach a thickness of 5 mm. Both Figure 39 and Figure 40 indicate that most of the mass settles out
quickly and is not transported for long by the currents.
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Figure 39. Map of maximum concentrations associated with simulation using typical cable burial
assumptions for installation of the landing at Great Island from the end of Eastern 2 trunk or
Connector 3. The upper panel shows the vertical cross section of a line that runs from offshore to
onshore along the route centerline (3,084 m long and 9 m deep in this instance). The brown line depicts
the centerline of the cable trench (note: trench thickness not to scale).
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Figure 40. Map of deposition thickness associated with simulation using typical cable burial assumptions
for installation of the landing at Great Island the end of Eastern 2 trunk or Connector 3.
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The map of maximum concentrations for the simulation of the installation of cable from the end of
Connector 3/Eastern 2 trunk to Great Island using typical installation parameters is shown in Figure 41.
The route stops short of Great Island because the remainder would be installed with HDD and not create
any resuspended sediments.
The overall footprint shows that the plume as delineated by excess concentrations of 10 mg/L and
greater remains relatively close to the route centerline with some relatively short excursions slightly
farther from the centerline. The higher concentrations, above 10 mg/L, generally remain centered
around the route centerline. The 10 mg/L contour has a maximum excursion of ~390 m from the
centerline though typically remains within 200 m from the centerline. In this figure, the cross sectional
view (top inset) runs along the centerline and shows that the plume is contained within the bottom of
the water column close to the disturbance, however since the route transects shallow waters there are
places where the plume occupies more than half of the water column. The map of deposition thickness
for this scenario is presented in Figure 42. This figure shows that deposition is mainly centered around
the route centerline with deposition of 0.2 mm or greater limited to within 140 m from the centerline
and deposition does not reach a thickness of 5 mm. Both Figures 41 and 42 indicate that most of the
mass settles out quickly and is not transported for long by the currents.
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Figure 41. Map of maximum concentrations associated with simulation using typical cable burial
assumptions for installation of landing Connector 2 (from end of Western 1 or 2 to end of Eastern 1).
The upper panel shows the vertical cross section of a line that runs from offshore (west) to onshore
(east) along the route centerline (10,581 m long and 14 m deep in this instance). The brown line depicts
the centerline of the cable trench (note: trench thickness not to scale).
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Figure 42. Map of deposition thickness associated with simulation using typical cable burial assumptions
for installation of the landing Connector 2 (from end of Western 1 or 2 to end of Eastern 1).
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The map of maximum concentrations for the simulation of the installation of the Connector 3 cable
component from the end of Eastern 1 trunk/Connector 2 to the end of Eastern 2 trunk using typical
installation parameters is shown in Figure 43.
The overall footprint shows that the plume as delineated by excess concentrations of 10 mg/L and
greater remains relatively close to the route centerline with some relatively short excursions slightly
farther from the centerline. The higher concentrations, above 10 mg/L, generally remain centered
around the route centerline. The 10 mg/L contour has a maximum excursion of ~220 m from the
centerline and is typically on the order of 200 m from the centerline. In this figure, the cross sectional
view (top inset) runs along the centerline and shows that the plume is contained within the bottom of
the water column close to the disturbance, however since the route transects shallow waters there are
places where the plume occupies more than half of the water column. The map of deposition thickness
for this scenario is presented in Figure 44. This figure shows that deposition is mainly centered around
the route centerline with deposition of 0.2 mm or greater limited to within 150 m from the centerline
and deposition does not reach a thickness of 5 mm. Both Figure 43 and 44 indicate that most of the
mass settles out quickly and is not transported for long by the currents.
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Figure 43. Map of maximum concentrations associated with simulation using typical cable burial
assumptions for installation of landing Connector 3 (from end of Connector 2 or Eastern 1 trunk to end
of Eastern 2 trunk). The upper panel shows the vertical cross section of a line that runs from offshore
(west) to onshore (east) along the route centerline (7,548 m long and 10 m deep in this instance). The
brown line depicts the centerline of the cable trench (note: trench thickness not to scale).
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Figure 44. Map of deposition thickness associated with simulation using typical cable burial assumptions
for installation of the landing Connector 3 (from end of Connector 2 or Eastern 1 trunk to end of Eastern
2 trunk).
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The map of maximum concentrations for the simulation of the installation of the Eastern 2 trunk using
maximum impact installation parameters is shown in Figure 45. This figure shows the entire trunk route
with a cross section along the route centerline at the top and two insets of locations where the plume
footprint is relatively larger on the right-hand side. Each of these insets also contains a cross sectional
view at its top with the cross section running across the plume centerline.
The overall footprint shows that the plume as delineated by excess concentrations of 10 mg/L and
greater remains relatively close to the route centerline for the majority of the route with some areas
with the plume as delineated by the 10 mg/L contour transported farther from the centerline in
response to the currents. The higher concentrations, above 10 mg/L, generally remain centered around
the route centerline. The 10 mg/L contour has a maximum excursion of ~2.0 km from the centerline,
though is predominately within ~200 m from the centerline. The 50 mg/L contour extends up to ~600 m
from the centerline, though is typically within ~200 m. In this figure, the main cross sectional view (top
inset), runs along the centerline and shows that the plume is contained within the bottom of the water
column close to the disturbance. This is also evident in the two insets which present a cross section
running across the centerline. The map of deposition thickness for this scenario is presented in Figure
46 and shows the same two insets on the right-hand side. This figure shows that deposition is mainly
centered around the route centerline with deposition of 0.2 mm or greater typically within ~200 m from
the centerline, though does extend up to ~400 m from the centerline in some place. There are small
isolated pockets of deposition greater than 5 mm along the centerline, though deposition does not
reach 10 mm. Figure 45 and Figure 46 indicate that most of the mass settles out quickly and is not
transported for long by the currents; however, relative to the simulation using typical installation
parameters, the plume is larger and the deposition has a greater maximum thickness and extends
farther from the route centerline.
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Figure 45. Map of maximum concentrations associated with simulation using maximum impact cable
burial assumptions for installation of the main trunk of Eastern 2 OECC. The upper panel shows the
vertical cross section of a line that runs from the northern extent of the WDA offshore towards shore
along the OECC centerline (62,262 m long and 36 m deep in this instance). The brown line depicts the
centerline of the inter-array cable trench (note: trench thickness not to scale). The blue and red box
overlays illustrate the location of the two zoomed insets outlined in blue and red, respectively.
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Figure 46. Map of deposition thickness associated with simulation using maximum impact cable burial
assumptions for installation of the main trunk of Eastern 2 OECC. The brown line depicts the centerline
of the inter-array cable trench (note: trench thickness not to scale). The blue and red box overlays
illustrate the location of the two zoomed insets outlined in blue and red, respectively.
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The results from all scenarios were analyzed to determine the area over specific thresholds for various
durations. The areas are not contiguous but a sum of all individual concentration grid cells that exceed
the threshold anywhere in the water column for the duration of interest. The results from the OECC
components were summed to be provided in terms of each entire route (e.g., Western west through
Muskeget to Covell’s Beach or modeling components W1-L1). Table 12 through Table 16 provide a
summary of these areas for durations of 60 minutes, 120 minutes, 180 minutes, and 360 minutes,
respectively. The durations were based on a combination of timeframes of biological significance and
values that would help demonstrate the transient nature of the physical impacts. The post processing
included hourly calculations up to 6 hours (360 minutes) and then 12 hours, 24 hours, and 48 hours;
however, there were no areas over the thresholds for the 12 hour, 24 hour, or 48 hour duration.

From this set of four tables it can be seen that the areas above 10 mg/L are the greatest and they drop
off rapidly with increasing concentration threshold and with increasing duration. For example the
Western OECC that connects to Covell’s Beach (W1-L1) has 16.6 km2 over 10 mg/L for 60 minutes, which
reduces to 0.2 km2 over 1,000 mg/L over 60 minutes. This route similarly reduces from 16.6 km2 for 60
minutes to 5.0 km2 for 120 minutes, 0.4 km2 over 180 minutes, 0.1 km2 over 240 minutes, and zero for
360 minutes. Also for this route, concentrations above 100 mg/L do not endure for 120 minutes.
Similar trends are noted for all other routes presented.

The representative inter-array cable and the Eastern 2 trunk were run for both typical and maximum
impact installation parameters. The change in parameters results in a relatively large (~4X) increase in
area of over 10 mg/L for the 60 minute duration, and similarly increases in area over for each threshold
value for the inter-array simulations.

For durations longer than 60 minutes, there are only

concentrations above the 10 mg/L threshold and the maximum impact has a greater area for all
durations. A similar trend is noticed when comparing the typical and maximum impact installation of
the OECC that contains the Eastern 2 trunk. All areas increase for the maximum impact (from typical
values) for the 60 minute duration. For the most part the trend is an increase in area for the maximum
impact, however with one exception for the area over 10 mg/L for a duration of 120 minutes. This
exception is due to the advance rate, with the typical (slower) advance rate generating sediments for a
longer duration near any given point, although the flux of sediments is smaller than the maximum
impact.
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A summary of the deposition over thickness thresholds is provided in Table 17. This table shows that all
but the maximum impact OECC (Eastern 2 to Great Island) have maximum thickness less than 5 mm.
The trends of deposition between the typical and maximum impact scenarios for the inter-array and
OECC shows that the areas all increase due to the increased sediment mobilized (35% of trench solids vs.
25%). All scenarios have a 0.2 mm deposition thickness less or than 20 km2 and a 1 mm deposition
thickness for less than 13 km2. The deposition area associated with the representative inter-array
scenarios is notably smaller than the OECC scenarios mainly due to the difference in length, and
therefore, difference in sediment introduced between these scenarios.
In summary, for all OECCs under consideration, the footprints of the TSS plume concentrations and
deposition show that high concentrations (>10 mg/L) of mobilized sediment are not transported far
(typically < 200 m from trench centerline) by the currents in most cases and settles rapidly, which is
expected due to the large fraction of coarse sand. Excess TSS concentrations above 10 mg/L typically
only persist at any given point for less than six hours, and in no case for more than 12 hours. The plume
is confined to the bottom 3 m of the water column, which is typically only a fraction of the water
column. For all OECCs simulated under typical conditions, maximum deposition is less than 5 mm and
the extent of deposition greater than 0.2 mm is limited to ~200 m from the trench centerline (assuming
typical installation parameters) or 400 m from the trench centerline (assuming maximum impact
installation parameters). Water quality impacts from cable installation are therefore short-term and
localized.
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Table 12. Summary of area over threshold concentrations for 60 minutes or longer for all complete
routes. Typical (“Typ”) and maximum impact (“Max”) are presented where applicable and the maximum
impact OECC simulation only included maximum impact parameters for the main trunk (and not landing
component).
10
mg/L

50
mg/L

100
mg/L

150
mg/L

200
mg/L

300
mg/L

650
mg/L

750
mg/L

1,000
mg/L

Project
Functional
Component

Typ or
Max

Total
Modeling
Components

Representative
Inter-array

Typ

IA1

13.9

4.7

3.6

3.3

2.8

2.2

0.3

<0.1

<0.1

Representative
Inter-array

Max

IA1

52.9

9.3

5.1

4.3

4.0

3.0

1.5

1.3

1.1

Offshore
ECC - Western

Typ

W1-L1

16.6

12.9

9.4

8.5

7.9

6.8

2.4

1.3

0.2

Offshore ECC Western

Typ

W1-C2-L2

18.6

14.5

10.6

9.6

8.9

7.6

2.7

1.6

0.3

Area over Threshold Concentration for 60 minutes or longer
km2

Offshore ECC Western
Offshore ECC Western
Offshore ECC Western

Typ

W1-C2-C3-L3

18.6

14.6

10.6

9.6

8.9

7.7

2.7

1.5

0.2

Typ

W2-L1

17.9

13.7

10.2

9.3

8.6

7.1

2.6

1.4

0.2

Typ

W2-C2-L2

19.9

15.3

11.4

10.3

9.6

8.0

3.0

1.7

0.3

Offshore ECC Western

Typ

W2-C2-C3-L3

19.9

15.4

11.4

10.4

9.7

8.0

3.0

1.6

0.2

Offshore ECC Eastern

Typ

E1-L2

21.4

15.8

11.8

10.9

9.6

7.8

2.8

1.2

0.2

Offshore ECC Eastern

Typ

E2-L3

19.8

14.5

10.5

9.8

8.9

7.3

2.5

1.2

0.1

Offshore ECC Eastern

Max (E2)
Typ (L3)

E2-L3

26.5

14.8

13.1

12.5

11.7

7.9

5.0

4.1

3.2
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Table 13. Summary of area over threshold concentrations for 120 minutes or longer for all complete
routes. Typical (“Typ”) and maximum impact (“Max”) are presented where applicable and the maximum
impact OECC simulation only included maximum impact parameters for the main trunk (and not landing
component).
10
mg/L

50
mg/L

100
mg/L

150
mg/L

200
mg/L

300
mg/L

650
mg/L

750
mg/L

1,000
mg/L

Project
Functional
Component

Typ or
Max

Total
Modeling
Components

Representative
Inter-array

Typ

IA1

5.7

0.3

-

-

-

-

-

-

-

Representative
Inter-array

Max

IA1

28.2

0.8

-

-

-

-

-

-

-

Offshore
ECC - Western

Typ

W1-L1

5.0

0.2

-

-

-

-

-

-

-

Offshore ECC Western

Typ

W1-C2-L2

5.8

0.3

-

-

-

-

-

-

-

Typ

W1-C2-C3-L3

5.6

0.2

-

-

-

-

-

-

-

Typ

W2-L1

4.8

0.2

-

-

-

-

-

-

-

Typ

W2-C2-L2

5.6

0.3

-

-

-

-

-

-

-

Offshore ECC Western

Typ

W2-C2-C3-L3

5.3

0.2

-

-

-

-

-

-

-

Offshore ECC Eastern

Typ

E1-L2

6.7

0.6

-

-

-

-

-

-

-

Offshore ECC Eastern

Typ

E2-L3

6.4

0.6

0.2

-

-

-

-

-

-

Offshore ECC Eastern

Max (E2)
Typ (L3)

E2-L3

5.7

0.8

0.3

0.1

-

-

-

-

-

Offshore ECC Western
Offshore ECC Western
Offshore ECC Western

Area over Threshold Concentration for 120 minutes or longer
km2
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Table 14. Summary of area over threshold concentrations for 180 minutes or longer for all complete
routes. Typical (“Typ”) and maximum impact (“Max”) are presented where applicable and the maximum
impact OECC simulation only included maximum impact parameters for the main trunk (and not landing
component).
10
mg/L

50
mg/L

100
mg/L

150
mg/L

200
mg/L

300
mg/L

650
mg/L

750
mg/L

1000
mg/L

Project
Functional
Component

Typ or
Max

Total
Modeling
Components

Representative
Inter-array

Typ

IA1

1.3

-

-

-

-

-

-

-

-

Representative
Inter-array

Max

IA1

10.0

-

-

-

-

-

-

-

-

Offshore
ECC - Western

Typ

W1-L1

0.4

-

-

-

-

-

-

-

-

Offshore ECC Western

Typ

W1-C2-L2

0.6

-

-

-

-

-

-

-

-

Typ

W1-C2-C3L3

0.5

-

-

-

-

-

-

-

-

Typ

W2-L1

0.2

-

-

-

-

-

-

-

-

Typ

W2-C2-L2

0.4

-

-

-

-

-

-

-

-

Offshore ECC Western

Typ

W2-C2-C3L3

0.3

-

-

-

-

-

-

-

-

Offshore ECC Eastern

Typ

E1-L2

1.3

-

-

-

-

-

-

-

-

Offshore ECC Eastern

Typ

E2-L3

1.2

-

-

-

-

-

-

-

-

Offshore ECC Eastern

Max (E2)
Typ (L3)

E2-L3

2.0

0.2

-

-

-

-

-

-

-

Offshore ECC Western
Offshore ECC Western
Offshore ECC Western

Area over Threshold Concentration for 180 minutes or longer
km2
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Table 15. Summary of area over threshold concentrations for 240 minutes or longer for all complete
routes. Typical (“Typ”) and maximum impact (“Max”) are presented where applicable and the maximum
impact OECC simulation only included maximum impact parameters for the main trunk (and not landing
component).
10
mg/L

50
mg/L

100
mg/L

150
mg/L

200
mg/L

300
mg/L

650
mg/L

750
mg/L

1000
mg/L

Project
Functional
Component

Typ or
Max

Total
Modeling
Components

Representative
Inter-array

Typ

IA1

0.3

-

-

-

-

-

-

-

-

Representative
Inter-array

Max

IA1

2.5

-

-

-

-

-

-

-

-

Offshore
ECC - Western

Typ

W1-L1

0.1

-

-

-

-

-

-

-

-

Offshore ECC Western

Typ

W1-C2-L2

0.2

-

-

-

-

-

-

-

-

Typ

W1-C2-C3-L3

0.1

-

-

-

-

-

-

-

-

Typ

W2-L1

-

-

-

-

-

-

-

-

-

Typ

W2-C2-L2

-

-

-

-

-

-

-

-

-

Offshore ECC Western

Typ

W2-C2-C3-L3

-

-

-

-

-

-

-

-

-

Offshore ECC Eastern

Typ

E1-L2

0.6

-

-

-

-

-

-

-

-

Offshore ECC Eastern

Typ

E2-L3

0.5

-

-

-

-

-

-

-

-

Offshore ECC Eastern

Max (E2)
Typ (L3)

E2-L3

1.2

-

-

-

-

-

-

-

-

Offshore ECC Western
Offshore ECC Western
Offshore ECC Western

Area over Threshold Concentration for 240 minutes or longer
km2
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Table 16. Summary of area over threshold concentrations for 360 minutes or longer for all complete
routes. Typical (“Typ”) and maximum impact (“Max”) are presented where applicable and the maximum
impact OECC simulation only included maximum impact parameters for the main trunk (and not landing
component).
10
mg/L

50
mg/L

100
mg/L

150
mg/L

200
mg/L

300
mg/L

650
mg/L

750
mg/L

1000
mg/L

Project
Functional
Component

Typ or
Max

Total
Modeling
Components

Representative
Inter-array

Typ

IA1

-

-

-

-

-

-

-

-

-

Representative
Inter-array

Max

IA1

0.5

-

-

-

-

-

-

-

-

Offshore
ECC - Western

Typ

W1-L1

-

-

-

-

-

-

-

-

-

Offshore ECC Western

Typ

W1-C2-L2

-

-

-

-

-

-

-

-

-

Typ

W1-C2-C3L3

-

-

-

-

-

-

-

-

-

Typ

W2-L1

-

-

-

-

-

-

-

-

-

Typ

W2-C2-L2

-

-

-

-

-

-

-

-

-

Offshore ECC Western

Typ

W2-C2-C3L3

-

-

-

-

-

-

-

-

-

Offshore ECC Eastern

Typ

E1-L2

0.3

-

-

-

-

-

-

-

-

Offshore ECC Eastern

Typ

E2-L3

0.3

-

-

-

-

-

-

-

-

Offshore ECC Eastern

Max (E2)
Typ (L3)

E2-L3

0.6

-

-

-

-

-

-

-

-

Offshore ECC Western
Offshore ECC Western
Offshore ECC Western

Area over Threshold Concentration for 360 minutes or longer
km2
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Table 17. Summary of deposition area over threshold concentrations for all complete routes. Typical
(“Typ”) and maximum impact (“Max”) are presented where applicable and the maximum impact OECC
simulation only included maximum impact parameters for the main trunk (and not landing component).
0.2 mm

0.5 mm

1 mm

5 mm

Project
Functional
Component

Typ or
Max

Total
Modeling
Components

Representative
Inter-array

Typ

IA1

5.1

3.7

2.3

-

Max

IA1

6.4

5.0

3.8

-

Typ

W1-L1

14.5

10.8

8.6

-

Typ

W1-C2-L2

16.5

12.2

9.7

-

Offshore ECC Western

Typ

W1-C2-C3-L3

16.6

12.2

9.8

-

Offshore ECC Western

Typ

W2-L1

15.2

11.6

9.1

-

Offshore ECC Western

Typ

W2-C2-L2

17.2

13.0

10.2

-

Typ

W2-C2-C3-L3

17.3

13.0

10.2

-

Typ

E1-L2

18.0

13.7

10.2

-

Typ

E2-L3

16.6

12.5

9.4

-

Max (E2)
Typ (L3)

E2-L3

19.3

15.8

12.6

2.1

Representative
Inter-array
Offshore
ECC - Western
Offshore ECC Western

Offshore ECC Western
Offshore ECC Eastern
Offshore ECC Eastern
Offshore ECC Eastern

Area of Deposition above Threshold Levels (km2)
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O&M Phase Air Emissions Not Subject to OCS Air Permit or General
Conformity

4-11
4-12
4-13
4-15
4-15
4-15
4-15

Table 5-4

Total Construction Phase Air Emissions (Exclusive Use of New Bedford Terminal) 5-1
Total Construction Phase Air Emissions (Primary Use of New Bedford Terminal,
Some Bridgeport Use)
5-1
Total Construction Phase Air Emissions (Primary Use of New Bedford Terminal,
Some New London Use)
5-1
Total Operations and Maintenance Phase Air Emissions
5-2

Table 6-1
Table 6-2

eGRID Avoided Emission Factors (g/MW-hr)
Annual Avoided Air Emissions in New England

Table 5-3
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1.0

INTRODUCTION

The following document describes the methodology used to calculate air emissions from the ~800
megawatt (MW) Vineyard Wind Project. While the proposed wind turbines will not generate air
emissions, there will be air emissions from construction, operations and maintenance, and
decommissioning activities. For air permitting purposes, the Project is divided into three phases: the
construction phase, the operations and maintenance phase, and the decommissioning phase. Some
air emissions from the Project are subject to regulatory programs, which include the Outer
Continental Shelf (OCS) Air Permit process and possibly the General Conformity process.
OCS Permit Emissions: Some air emissions from the Project are regulated through the Environmental
Protection Agency’s (EPA) OCS Air Permit process under Outer Continental Shelf Air Regulations, 40
CFR Part 55. 40 CFR Part 55 establishes air pollution control requirements for OCS sources (i.e.,
stationary sources and vessels directly or indirectly attached to the seabed) located within 25 miles
of a state’s seaward boundaries. Air emission estimates in the OCS Air Permit application must
include emissions from OCS sources, vessels while within the Wind Development Area (WDA), and
vessels traveling to and from the WDA when within 25 miles of the WDA’s center.
Under the OCS Air Regulations, OCS sources located within the Offshore Project Area are subject to
the federal, state, and local requirements of the Corresponding Onshore Area (“COA”) set forth in 40
CFR Parts 55.13 and 55.14. Under 40 CFR Part 55.5, EPA must designate the COA after receiving
the Project’s Notice of Intent (NOI). To satisfy the requirements of 40 CFR § 55.4(a), Vineyard Wind
submitted a NOI for the Project to the EPA Regional Office, MassDEP, RI DEM Office of Air
Resources, and NH DES Air Resources Division in December 2017. A copy of the NOI can be found
in at the beginning of Attachment B. Upon receipt of the NOI, EPA designated Massachusetts as the
COA. Therefore, the Project’s OCS sources will be required to comply with the applicable
Massachusetts air quality regulations, which include Best Available Control Technology (“BACT”)
and Lowest Achievable Emission Rate (“LAER”) under 310 CMR § 7.00.
General Conformity Emissions: The General Conformity Rule, codified in 40 CFR Part 93 Subpart B
and 40 CFR Part 51 Subpart W, ensures that federal actions do not interfere with states’ plans to attain
and maintain NAAQS in areas that are or have been out of attainment with those standards. Until the
2008 8-hour ozone National Ambient Air Quality Standard (NAAQS) is revoked, Dukes County
(onshore and within three nautical miles offshore) will be considered an ozone nonattainment or
maintenance area potentially subject to “General Conformity” requirements (EPA, 2017; EPA,
2015b). If the Project uses a port in Connecticut during the construction phase, vessels will pass
through nonattainment and maintenance areas in Connecticut and New York, resulting in the need
for a General Conformity evaluation. Before determining whether the General Conformity Rule is
applicable, the Bureau of Ocean Energy Management (BOEM) must first estimate emissions from the
Project. BOEM’s estimate will not include emissions that are already accounted for in the OCS Air
Permit. General Conformity air emissions will only include direct and indirect emissions outside the
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25-mile OCS Air Permit Boundary and within a maintenance or nonattainment area Figure 1-1
illustrates the regions that are subject to the OCS Air Permit Process and potentially the General
Conformity Process for this Project.
Emissions that occur further than 25 miles from the center of the WDA and are not within a
maintenance or nonattainment area are not regulated through the OCS Air Permit or General
Conformity processes. However, emissions not subject to either regulatory process were estimated
to assess regional impacts to air quality as part of Vineyard Wind’s Construction and Operations Plan
(COP) and for the National Environmental Policy Act (NEPA) process. The emission estimates
provided represent the upper bound of Project emissions.
The preliminary estimate of the Project’s potential air emissions was conducted assuming that 106
wind turbine generator (WTG) positions, four light-weight electrical service platforms (ESPs), and the
maximum length of inter-array, inter-link, and export cables would be installed for the 800 MW
Project, which represents a maximum design scenario. Based on the most aggressive construction
schedule under consideration for the 800 MW project, it was conservatively estimated that half of
the WTGs, three quarters of the inter-array cables, and all of the scour protection, offshore export
cables, ESPs, and foundations could be constructed in one year. It was also assumed that all onshore
construction activities will occur in one year. To account for the envelope of possible ports used
during the construction phase, the emission estimate uses the combination of ports with the longest
transit distances to and from the Offshore Project Area within US waters (all state and federal waters
within the US Exclusive Economic Zone).
Operational phase emissions were calculated assuming a Project lifespan of 30 years. O&M phase
emissions were estimated assuming all vessels use the New Bedford Marine Commerce Terminal
(New Bedford Terminal), which represents the O&M Facility with the farthest transit distances to and
from the Offshore Project Area. Potential emissions from the decommissioning phase, which is
expected to take place in approximately 30 years, are not included in the estimate of potential
emissions. A separate OCS Air Permit and General Conformity analysis will be issued for the
decommissioning phase, if needed.
Air pollution from the Project is associated with fuel combustion, construction dust, and some
incidental solvent use associated with onshore and offshore construction, operation, and
maintenance activities. There are seven primary categories of sources for which emissions were
calculated:
♦
♦
♦
♦
♦
♦
♦

Commercial marine vessels (CMVs),
Helicopters,
Generators (backup power supply/emergency generators),
Non-road engines,
On-road vehicles,
Fugitive emissions, and
Construction dust.
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The following pollutants were included in the air emissions analysis:
♦
♦
♦
♦
♦
♦
♦
♦
♦

Nitrogen oxides (NOx),
Volatile organic compounds (VOC),
Carbon monoxide (CO),
Particulate matter smaller than 10 microns (PM10),
Particulate matter smaller than 2.5 microns (PM2.5, a subset of PM10),
Sulfur dioxide (SO2),
Sulfuric Acid Mist (H2SO4),
Lead (Pb),
Total hazardous air pollutants (HAPs, individual compounds are either VOC or particulate
matter), and
♦ Greenhouse gas emissions as carbon dioxide equivalent (CO2e).
Emissions subject to the OCS Air Permit process are discussed in Section 2.0. Section 3.0 discusses
emissions subject to General Conformity. Section 4.0 discusses all other emissions resulting from the
construction and operational phases of the Project. Section 5.0 describes the method used to estimate
the emissions from conventional power generation that will be avoided as a result of the Project. All
air emissions associated with the Project are summarized in Attachment A.
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Figure 1-1

Areas Subject to OCS Air Permit and General Conformity

2.0

OUTER CONTINENTAL SHELF (OCS) AIR PERMIT EMISSIONS

Air emission estimates in the OCS Air Permit application must include air emissions from OCS
sources, vessels at the WDA, and vessels traveling to and from the WDA when within 25 miles of
the centroid of the WDA. An OCS source is defined in 40 CFR Part 55.2 as “any equipment, activity,
or facility which:
1) Emits or has the potential to emit any air pollutant;
2) Is regulated or authorized under the Outer Continental Shelf Lands Act ("OCSLA") (43 U.S.C.
§1331 et seq.); and
3) Is located on the OCS or in or on the waters above the OCS.”
OCS Air Permit emissions, which only occur offshore, were calculated for the construction and
operational phases. Since the OCS Air Permit emissions estimate only includes air emissions that
occur within 25 miles of the WDA’s center, this estimate does not depend on the port(s) used during
the Project. The following sections provide a description of the emission sources included in the
OCS Air Permit and the methods used to quantify OCS Air Permit emissions.

2.1

Description of OCS Air Permit Emission Sources
The majority of OCS Air Permit emissions from the Project will come from the main engines,
auxiliary engines, and auxiliary equipment on marine vessels used during construction
activities. Additional construction-related emissions will come from helicopters used to
transfer crew, diesel generators used to supply power to the WTGs, and air compressors used
to supply compressed air to noise mitigation devices ( e.g. bubble curtains) during piledriving. All emission sources during construction are described in the following table.

Table 2-1

Description of Emissions Points

Emission Source

Description of Source

Crew transfer/service vessels

Transport crew to the project site
Potential transport of marine mammal observers

Heavy lift crane vessels

Lift, support, and orient the components of each WTG and ESP during
installation
Used for foundation installation

Heavy cargo vessels

Transport WTG and ESP components from overseas to the construction
staging area

Cable installation vessels

Lay and bury transmission cables in the seafloor

Scour protection installation

Deposit a layer of stone around the WTGs’ foundations to prevent the

vessels (fall pipe vessels)

removal of sediment by hydrodynamic forces

Multipurpose support vessels

Clear the seabed floor of debris prior to laying transmission cables
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Table 2-2

Description of Emissions Points (Continued)

Emission Source

Description of Source

Tugboats

Transport equipment and barges to the WDA

Anchor handling tug supply

Install bubble curtains (underwater noise mitigation devices)

vessels
Jack-up vessels

Transport WTG components to the WDA
Extend legs to the ocean floor to provide a safe, stable working platform

Dredging vessels

Used in certain areas prior to cable laying to remove the upper portions
of sand waves

Survey vessels

Used to perform geophysical and geotechnical surveys

Pile driving hammer

Drive the foundations of the WTGs into the seafloor

Air compressors

Supply compressed air to noise mitigation devices

Temporary diesel generators

Temporarily supply power to the WTG prior to the turbine becoming
operational

Helicopters

Transfer crew to the WDA

Fugitive emissions of solvents,

Fugitive emissions from solvents and paints/coatings

paints, and coatings

Emissions during the Project’s approximately 30-year-long operations and maintenance phase
will come from vessels, generators, air compressors, and helicopters used during routine
maintenance and repair activities. Emission sources during the operational phase of the
Project include:
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦

Crew transfer/service vessels,
Scour protection installation vessels,
Multipurpose support vessels,
Tugboats,
Jack-up vessels,
Heavy cargo vessels,
Survey vessels,
Emergency generators,
Air compressors,
Helicopters, and
Fugitive emissions of solvents, paints, coatings, and sulfur hexafluoride (SF6).

The number and type of vessels, helicopters, and other equipment along with anticipated
hours of operation and number of round trips for each emission source was provided by
Vineyard Wind’s engineers. A complete description of all of the emission points associated
with Vineyard Wind’s 800MW Project that are subject to the OCS Air Permit can be found
in Attachment B.
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2.2

Emissions Calculation Methods
2.2.1

Commercial Marine Vessels (CMVs)

Emissions from commercial marine vessels were calculated according to the methodology
used by the BOEM Offshore Wind Energy Facilities Emission Estimating Tool (“BOEM
Emission Estimating Tool”). This emission estimating tool was released in early 2017 to
provide a consistent approach for estimating emissions associated with proposed offshore
wind projects and to ensure consistency in BOEM’s environmental review process. When
necessary, BOEM’s emission calculation methodology was supplemented with guidance from
EPA’s Current Methodologies in Preparing Mobile Source Port-Related Emission Inventories
(“EPA’s Port-Related Emission Guidance”) and EPA’s 2014 National Emission Inventory
Technical Support Document (“2014 NEI”).
2.2.1.1

Criteria Air Pollutants and Their Precursors

The Environmental Protection Agency (“EPA”) has developed National Ambient Air Quality
Standards (“NAAQS”) for six air contaminants, known as criteria pollutants, for the protection
of public health and welfare. The criteria pollutants are sulfur dioxide (SO2); particulate
matter (smaller than 10 microns as PM10, smaller than 2.5 microns as PM2.5); nitrogen
dioxide (NO2); carbon monoxide (CO); ozone (O3); and lead (Pb). Typically, ozone is not
emitted directly into the air; instead, ozone primarily forms from the reaction of volatile
organic compounds (VOC) and nitrogen oxides (NOx) in sunlight. VOC and NOx, which
are often emitted directly into the air, are commonly referred to as ozone precursors.
Therefore, emissions of the precursors to ozone are quantified instead of ozone. Consistent
with the BOEM Emission Estimating Tool, vessel air emissions were calculated based on
vessels’ hours of operation at the WDA, distance traveled, speed, total number of round trips,
engine size, load factor, and emission factor. For each vessel, four calculations were made:
♦
♦
♦
♦

Emissions from the main engines while in transit
Emissions from the main engines while maneuvering at WDA
Emissions from the auxiliary engines while in transit
Emissions from the auxiliary engines while maneuvering at the WDA

Since no ports used by the Project are located within 25 miles of the WDA’s center, emissions
from vessels while maneuvering and hoteling in port are not included in the OCS Air Permit.
The basic equation used for each of the four calculations above is:

Where:

𝐸𝐸 = 𝑘𝑘𝑘𝑘 ∗ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 ∗ 𝐿𝐿𝐿𝐿 ∗ 𝐸𝐸𝐸𝐸 ∗ 1.10231𝐸𝐸-6

♦ 𝐸𝐸= total emissions, tons
♦ 𝑘𝑘𝑘𝑘= total engine size, kW
♦ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = hours for each activity
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♦ 𝐿𝐿𝐿𝐿 = engine load factor (for the activity)
♦ 𝐸𝐸𝐸𝐸= emission factor, g/kW-hr
♦ 1.10231𝐸𝐸-6= g to ton conversion factor

Per the 2014 National Emissions Inventory (NEI) methodology (2016), the emission estimates
did not include activity or emissions associated with boilers used to generate steam. All
installation vessels used within the WDA that are subject to the OCS Air Permit are expected
to use diesel fuel and contain unfired boilers that will heat water using excess heat from the
vessel’s engines.
Engine Size
Vessel emission estimates are based on actual vessels that may be used for the Project or are
closely representative of the type of vessel that will be used for the Project. Engine sizes and
vessel speeds are from equipment specification sheets for each representative vessel.
However, several vessel specification sheets did not specify the size of auxiliary engines or
differentiate between auxiliary engines and main engines. In some instances, it was assumed
that the smallest engine(s) supplied auxiliary power. For example, the scour protection
installation vessel has three 4,500 kW engines, one 1,200 kW engine, and one 429 kW
engine. It was assumed that the 1,200 kW and 429 kW engines provide auxiliary power.
When only the size of the main engine or total propulsion power was provided for an oceangoing vessel (OGV), auxiliary engine size was determined using auxiliary engine power ratios
from Table 2-4 of EPA’s Port-Related Emission Guidance (2009). In diesel-electric vessels, the
main engines are used to provide both auxiliary and propulsion power. In these vessels, at
low loads, some engines can be shut down to allow others to operate more efficiently (EPA,
2009). Consequently, for diesel-electric vessels, it was assumed that one of the main diesel
generators provides auxiliary power.
Distance Traveled and Hours of Operation
For the OCS Air Permit emissions estimate, the distance traveled by each vessel was based
on the number of one-way trips each vessel made to and from port, beginning at the edge of
the 25-mile OCS Air Permit Boundary to the centroid of the Wind Development Area (a
distance of 25 statute miles or 21.7 nautical miles). Any distance traveled beyond the 25-mile
OCS Air Permit Boundary was excluded from the distance traveled. Consequently, the OCS
Air Permit emissions estimate does not depend on the port(s) used during construction or
O&M. For vessels that traveled extensively within the WDA rather than directly to and from
port, the total distance traveled included distance traveled between WTGs, EPS, and along
the offshore cable system. These distances in nautical miles (NM) are shown in Table 2-2
below.
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Table 2-3

Distances Traveled by Vessels within 25-mile OCS Air Permit Boundary

Centroid of WDA to OCS Air Permit Boundary

22 NM

Continuous path connecting 53 WTG positions

47 NM

Continuous path connecting 2 ESP positions

5.7 NM

Export cable & inter-link cable length (inside OCS Air Permit Boundary)

22 NM

Inter-array cable length

74 NM

For most vessels, the number of round trips to and from port was provided by Vineyard
Wind’s engineering team. For the scour protection installation vessels, the number of round
trips was based on the cargo hold capacity of the vessel and the total volume of rock required
for scour protection around the WTG and ESP foundations or over the offshore export cables.
For the dredging vessel, the number of round trips was based on the hopper capacity of the
dredging vessel and the total volume of dredged material (see Attachment F).
Hours of operation for main engines while in transit were calculated from the vessel’s speed
and total distance traveled by the vessel when within the 25-mile OCS Air Permit Boundary.
It was assumed that main engines will provide power for maneuvering activities anytime the
vessel is within the WDA and not in transit (except for jack-up vessels whose main engines
will turn off while jacked-up). Auxiliary engines were assumed to always operate when the
vessel is within the 25-mile OCS Air Permit Boundary.
Load Factor
Load factors are expressed as a percent of the vessel’s total propulsion or auxiliary power
(EPA, 2009). Load factors are calculated from the Propeller Law, which is the theory that
propulsion power varies by the cube of speed as illustrated by the following equation:
𝐿𝐿𝐿𝐿 = �
Where:

𝐴𝐴𝐴𝐴 3
�
𝑀𝑀𝑀𝑀

♦ 𝐿𝐿𝐿𝐿= Load factor
♦ 𝐴𝐴𝐴𝐴 = Actual speed (knots)
♦ 𝑀𝑀𝑀𝑀 = Maximum speed (knots)

Vessels in transit were assumed to operate at cruise speed, which is defined as approximately
94% of maximum speed (EPA, 2009). Based on the Propeller Law, for the main (propulsion)
engines of vessels operating at 94% of maximum speed, the load factor is 0.83. The BOEM
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Emissions Estimating Tool provides a default load factor of 0.82 for main engines in transit.
Consistent with EPA guidance, the more conservative load factor of 0.83 was used in our
emission estimates.
Consistent with the 2014 NEI (2016) and the BOEM Emission Estimating Tool, a load factor
of 0.20 was used for main (propulsion) engines while maneuvering onsite 1. While onsite,
most vessels are expected to use dynamic positioning to maintain their location. However,
jack-up vessels will plant their legs on the seafloor to maintain their position. Since jack-up
vessels’ main engines will not operate while the jack-up vessels’ legs are resting on the
seafloor, a load factor of zero was used for jack-up vessels’ main engines while at the Offshore
Project Area.
According to BOEM, although it is appropriate to use the default vessel profiles provided in
the BOEM Emissions Estimating Tool (which are based on national fleet data), some factors
within the Tool are defaults that are simply placeholders for more accurate information. For
example, the auxiliary engine load factor in the Tool is defaulted to 1. Consequently, the
BOEM Emissions Estimating Tool’s default auxiliary engine load factor was not used. Auxiliary
engine load factors for vessels whose main engines are Category 3 engines (characterized by
EPA as ocean-going vessels) were taken from Table 2-7: Auxiliary Engine Load Factor
Assumptions of EPA’s Port-Related Emission Guidance (2009), which is shown below. For
auxiliary engines maneuvering onsite, the “maneuver” load factor was selected. For auxiliary
engines in transit, the more conservative “RSZ” load factor was used, since vessels may
operate at speeds slower than cruise speeds. Reduced speed zone (RSZ) speed is the
maximum safe speed the vessel uses to traverse distances within a waterway leading to a port
(less than cruise speed and greater than maneuvering speed).
Table 2-4

1

EPA Auxiliary Engine Load Factors for Ocean-going Vessels
Ship Type

Cruise

RSZ

Maneuver

Hotel

Auto Carrier

0.15

0.3

0.45

0.26

Bulk Carrier

0.17

0.27

0.45

0.1

Container Ship

0.13

0.25

0.48

0.19

Cruise Ship

0.8

0.8

0.8

0.64

General Cargo

0.17

0.27

0.45

0.22

Miscellaneous

0.17

0.27

0.45

0.22

According to the 2014 NEI (2016), the propulsion engine load factor of 0.20 is from Entec’s European
emission inventory (Entec UK Limited, 2002. Quantification of emissions from ships associated with ship
movements between ports in the European Community, European Commission Final Report). EPA
recommends that future National Emission Inventories consider reviewing port inventory data to derive
more accurate maneuvering load factors.
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Table 2-5

EPA Auxiliary Engine Load Factors for Ocean-going Vessels (Continued)
Ship Type

Cruise

RSZ

Maneuver

Hotel

OG Tug

0.17

0.27

0.45

0.22

RORO

0.15

0.3

0.45

0.26

Ship Type

Cruise

RSZ

Maneuver

Hotel

Reefer

0.2

0.34

0.67

0.32

Tanker

0.24

0.28

0.33

0.26

Auxiliary engine load factors from Table 3-3: EPA Load Factors for Harbor Craft 2 were used
for harbor craft (vessels with Category 1 and 2 main engines) because more specific load
factors were unavailable. According to EPA (2009), “pending better evidence to the contrary,
best practices are to follow this guidance.” The auxiliary engine load factors are shown in the
table below.
Table 2-6

EPA Auxiliary Engine Load Factors for Harbor Craft
Engine Category
Category 1 Auxiliary
Category 2 Auxiliary

Engine Size

Load Factor

<805 Hp

0.56

>805 Hp

0.65

All

0.85

Emission Factor
The BOEM Emission Estimating Tool contains default vessel characteristics for a variety of
vessel and helicopter types commonly used in offshore wind projects. For each vessel type,
the BOEM tool provides default emission factors for main and auxiliary engines. These default
emission factors were developed using Information Handling Service (IHS) vessel population
data, which takes into account typical vessels’ country of registration, engine categories, and
regulatory tiers (Eastern Research Group, 2017). These vessel profiles were then combined
with tier level emission factors from USEPA’s 2014 National Emissions Inventory, Version 1
Technical Support Document (2016) to create weighted emission factors for each vessel type
(Eastern Research Group, 2017). The BOEM default emission factors for main and auxiliary
engines of each vessel type are listed in Tables 2-5 and 2-6 below.

2

From EPA’s Port-Related Emission Guidance (2009).
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Table 2-7

BOEM Default Emission Factors for Vessel Main Engines
Vessel Main Engine Emission Factors (g/kW*hr)

Vessel Type

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

Anchor

9.26

0.24

2.16

0.34

0.33

0.08

636.09

0.004

0.03

4.0E-05

Barge

13.61

0.63

1.40

0.45

0.42

0.36

588.90

0.004

0.03

1.2E-05

Cable Laying

9.49

0.25

2.20

0.34

0.33

0.09

635.02

0.004

0.03

3.9E-05

Crew

9.15

0.14

2.30

0.31

0.30

0.01

648.16

0.004

0.03

4.6E-05

Vessel Type

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

Dredging

9.60

0.28

2.13

0.36

0.34

0.11

630.62

0.004

0.03

3.7E-05

Ice Breaker

9.92

0.45

1.78

0.40

0.38

0.23

610.83

0.004

0.03

2.5E-05

Jack-up

10.03

0.14

2.30

0.31

0.30

0.01

647.08

0.004

0.03

4.5E-05

Research/

9.86

0.22

2.25

0.34

0.33

0.07

638.26

0.004

0.03

4.2E-05

Shuttle Tanker

9.05

0.63

1.40

0.45

0.42

0.36

588.90

0.004

0.03

1.2E-05

Supply Ship

9.44

0.17

2.29

0.32

0.31

0.03

644.58

0.004

0.03

4.5E-05

Tug

9.52

0.18

2.29

0.33

0.32

0.03

643.66

0.004

0.03

4.5E-05

Handling Tugs

Survey

Table 2-8

BOEM Default Emission Factors for Vessel Auxiliary Engines
Vessel Auxiliary Engine Emission Factors (g/kW*hr)

Vessel Type

NOX

VOC

Anchor Handling

9.88

0.14

Barge

12.57

Cable Laying

CO

PM10

PM2.5

SO2

2.48

0.32

0.31

0.01

0.14

2.48

0.32

0.31

9.89

0.14

2.48

0.32

Crew

10.37

0.14

2.48

Dredging

9.85

0.14

Ice Breaker

10.09

Jack-up
Research/

CO2

CH4

N2O

Pb

648.2

0.004

0.03

4.8E-05

0.01

648.2

0.004

0.03

4.8E-05

0.31

0.01

648.2

0.004

0.03

4.8E-05

0.32

0.31

0.01

648.2

0.004

0.03

4.8E-05

2.48

0.32

0.31

0.01

648.2

0.004

0.03

4.8E-05

0.14

2.48

0.32

0.31

0.01

648.2

0.004

0.03

4.8E-05

11.55

0.14

2.48

0.32

0.31

0.01

648.2

0.004

0.03

4.8E-05

10.21

0.14

2.48

0.32

0.31

0.01

648.2

0.004

0.03

4.8E-05

Shuttle Tanker

9.80

0.14

2.48

0.32

0.31

0.01

648.2

0.004

0.03

4.8E-05

Supply Ship

10.43

0.14

2.48

0.32

0.31

0.01

648.2

0.004

0.03

4.8E-05

Tug

10.10

0.14

2.48

0.32

0.31

0.01

648.2

0.004

0.03

4.8E-05

Tugs

Survey

As shown in the following table, each representative vessel used for the Project was assigned
to one of the eleven vessel types listed above and the corresponding emissions factors were
used.
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Table 2-9

Assigned Vessel Types

Project Vessel

BOEM Category

Crew transfer/service vessels

Crew and research/survey (for marine mammal observations only)

Heavy lift crane vessels

Barge (the most conservative emission factors)

Heavy cargo vessel

Supply ship

Cable installation vessels

Cable-laying

Scour protection installation vessels

Cable-laying

Multipurpose support vessels

Cable-laying

Tugboats

Tug

Anchor handling tug supply vessels

Anchor handling tugs

Jack-up vessels

Jack-up

Dredging vessel

Dredging

Survey vessel

Research/Survey

2.2.1.2

CO2e

Emissions of greenhouse gases from commercial marine vessels, which include carbon
dioxide (CO2), methane (CH4), and nitrogen dioxide (NO2), were estimated using the
methodology described above for criteria air pollutants and their precursors. See Tables 2-5
and 2-6 for greenhouse gas emission factors provided by the BOEM Emissions Estimating
Tool. Greenhouse gas emissions as carbon dioxide equivalent (CO2e) were then calculated
using global warming potential (GWP) factors provided by the BOEM Emission Estimating
Tool. The BOEM Tool provides a GWP of 28 for CH4 and 265 for NO2. Total CO2e
emissions were calculated using the following equation:

Where:
♦
♦
♦
♦
♦
♦

𝐸𝐸 = 𝐶𝐶𝐶𝐶4 ∗ 𝐺𝐺𝐺𝐺𝐺𝐺𝐶𝐶𝐶𝐶4 + 𝑁𝑁2𝑂𝑂 ∗ 𝐺𝐺𝐺𝐺𝐺𝐺𝑁𝑁20 + 𝐶𝐶𝐶𝐶2
𝐸𝐸= total CO2e emissions, tons
𝐶𝐶𝐶𝐶4 = total CH4 emissions, tons
𝑁𝑁2𝑂𝑂 = total N2O emissions, tons
𝐶𝐶𝐶𝐶2 = total CO2 emissions, tons
𝐺𝐺𝐺𝐺𝐺𝐺𝐶𝐶𝐶𝐶4 = GWP for CH4
𝐺𝐺𝐺𝐺𝐺𝐺𝑁𝑁2𝑂𝑂 = GWP for N2O

CO2e emissions were calculated separately for emissions from the main engines while in
transit, from the main engines while maneuvering within the WDA, and from the auxiliary
engines (both onsite and in transit).
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2.2.1.3

HAPS

The BOEM tool does not provide emission factors for hazardous air pollutants (HAPs) emitted
from commercial marine vessels. Consequently, HAP emissions were estimated according to
the methodology provided in the most current 2014 NEI (2016, p. 4-179). HAPs emissions
were estimated by applying speciation profiles to VOC estimates for organic HAPs and PM
estimates for metal HAPs. HAPs were calculated as percentages of the PM10, PM2.5, and
VOC emissions from the vessels using the following equation:

Where:
♦
♦
♦
♦
♦
♦
♦

𝐸𝐸 = 𝑉𝑉𝑉𝑉𝑉𝑉 ∗ 𝑆𝑆𝑆𝑆𝑉𝑉𝑉𝑉𝐶𝐶 + 𝑃𝑃𝑃𝑃10 ∗ 𝑆𝑆𝑆𝑆 𝑃𝑃𝑃𝑃10 + 𝑃𝑃𝑃𝑃2.5 ∗ 𝑆𝑆𝑆𝑆 𝑃𝑃𝑃𝑃2.5
𝐸𝐸= total HAP emissions, tons
𝑉𝑉𝑉𝑉𝑉𝑉 = total VOC emissions, tons
𝑃𝑃𝑃𝑃10 = total PM10 emissions, tons
𝑃𝑃𝑃𝑃2.5 = total PM2.5 emissions, tons
𝑆𝑆𝑆𝑆𝑉𝑉𝑉𝑉𝑉𝑉 = speciation factor for VOC
𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃10= speciation factor for PM10
𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃2.5= speciation factor for PM2.5

Appendix F of EPA’s 2014 NEI Commercial Marine Vessels (2015) document provides HAP
profiles for Category 1 and 2 engines during maneuvering and while underway. For Category
3 engines, Appendix F provides HAP speciation profiles for hoteling, maneuvering, and while
underway. Underway HAP profiles for the appropriate engine category were used to calculate
HAP emissions for main engines while in transit. Maneuvering HAP profiles for the
appropriate engine category were used to calculate HAP emissions from auxiliary engines
and main engines while maneuvering within the WDA.
2.2.1.4

Fuel Use

EPA’s Port-Related Emission Guidance (2009) provides brake specific fuel consumption
(BSFC) rates for the main and auxiliary engines of ocean-going vessels (Category 3 engines)
for various engine types and fuels. According to the 2014 NEI (2016), the dominant
propulsion engine configuration for large category 3 vessels is the slow-speed diesel (SSD)
engine. A BFSC of 185 g/kw-hr for SSD ocean-going vessel main engines was used for
Category 3 main engines 3. For Category 3 auxiliary engines, a BFSC of 217 g/kw-hr for was

3

From EPA’s Port-Related Emission Inventories Guidance (2009), Table 2-9: Emission Factors for OGV Main
Engines
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used, assuming that these auxiliary engines will fire primarily marine diesel oil (MDO) or
marine gas oil (MGO) 4. The BSFC was converted to gal/kW-hr using a diesel fuel density of
7.10 lb/gal.
A fuel consumption rate for Category 1 and 2 engines was calculated based on the CO2
emission factor for Category 1 and 2 engines (648.20 g/kW-hr) provided in the BOEM
Emission Estimating Tool Technical Documentation (Eastern Research Group, 2017). This
emission factor was converted to gal/kW-hr using a Distillate Fuel No. 2 higher heating value
of 0.138 MMBtu/gal and a CO2 emission factor of 73.96 kg CO2/MMBtu. 5 Fuel use was
calculated using the following equation:

Where:
♦
♦
♦
♦
♦

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈 = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ∗ 𝑘𝑘𝑘𝑘 ∗ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 ∗ 𝐿𝐿𝐿𝐿
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈 = total fuel used, gallons
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = engine-specific fuel consumption rate, gal/kW-hr
𝑘𝑘𝑘𝑘= total engine size, kW
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = hours for each activity
𝐿𝐿𝐿𝐿 = Engine load factor (for the activity)

Total fuel use was calculated separately for emissions from the main engines while in transit,
from the main engines while maneuvering at the project site, and from the auxiliary engines
(both onsite and in transit).

2.2.2

Helicopters

2.2.2.1

Criteria Air Pollutants

Air emissions from helicopters were also calculated using the BOEM Offshore Wind Energy
Facilities Emission Estimating Tool. All helicopters for the project were assumed to be
medium-sized twin-engine helicopters. Emissions from helicopters were calculated based on
the following equation

Where:

𝐸𝐸 = 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 ∗ 𝐸𝐸𝐸𝐸 ∗ 0.0005

♦ 𝐸𝐸= total emissions, tons
4

From EPA’s Port-Related Emission Inventories Guidance (2009), Table 2016: Auxiliary Engine Emission
Factors

5

Distillate Fuel Oil No. 2 HHV and CO2 Emission Factor are from 40 CFR Part 98 Table C-1: Default
CO2 Emission Factors and High Heat Values for Various Types of Fuel.
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♦ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = total hours in flight while within the 25-mile OCS Air Permit Boundary
♦ 𝐸𝐸𝐸𝐸= emission factor, lb/hr
♦ 0.0005= lb to ton conversion factor

Total hours in flight were based on the total distance each helicopter is expected to travel
while in the 25-mile OCS Air Permit Boundary and the BOEM tool default speed (183 mph)
for twin medium helicopters. It was estimated that helicopters out of Martha’s Vineyard
Airfield would travel 24 miles and helicopters out of Providence Airport would travel 25
miles while in the airspace subject to the OCS Air Permit. The emission estimates used the
following emission factors for twin-medium helicopters from the BOEM tool.
Table 2-10

BOEM Default Emission Factors for Twin-Medium Helicopters
Helicopter Emission Factors (lb/hr)

Helicopter

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

PB

7.22

3.02

3.48

0.2031

0.1982

0.78

2459.9

0.07

0.08

0

Type
Twin Medium

2.2.2.2

HAPs

The BOEM tool does not provide emission factors for hazardous air pollutants (HAPs) emitted
from helicopters. HAP emissions were estimated according to the same methodology used to
estimate HAP emissions from vessels. HAPs emissions were estimated by applying speciation
profiles to the VOC estimates for organic HAPs and PM estimates for metal HAPs using the
following equation:

Where:
♦
♦
♦
♦
♦
♦
♦

𝐸𝐸 = 𝑉𝑉𝑉𝑉𝑉𝑉 ∗ 𝑆𝑆𝐹𝐹𝑉𝑉𝑉𝑉𝑉𝑉 + 𝑃𝑃𝑃𝑃10 ∗ 𝑆𝑆𝑆𝑆 𝑃𝑃𝑃𝑃10 + 𝑃𝑃𝑃𝑃2.5 ∗ 𝑆𝑆𝑆𝑆 𝑃𝑃𝑃𝑃2.5
𝐸𝐸= total HAP emissions, tons
𝑉𝑉𝑉𝑉𝑉𝑉 = total VOC emissions, tons
𝑃𝑃𝑃𝑃10 = total PM10 emissions, tons
𝑃𝑃𝑃𝑃2.5 = total PM2.5 emissions, tons
𝑆𝑆𝑆𝑆𝑉𝑉𝑉𝑉𝑉𝑉 = speciation factor for VOC
𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃10= speciation factor for PM10
𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃2.5= speciation factor for PM2.5

However, Appendix F of the 2014 NEI Commercial Marine Vessels document (2015) does
not provide HAP speciation profiles for helicopters. The HAP speciation profile for
helicopters was created using HAPs, VOC, and PM emission factors for distillate oil-fired
stationary gas turbines found in AP-42 Chapter 3.1 Tables 3.1-2a, 3.1-4 and 3.1-5.
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2.2.2.3

CO2e

Greenhouse gas emissions as carbon dioxide equivalent (CO2e) for helicopters were calculated
using global warming potential (GWP) emission factors provided by the BOEM Emission
Estimating Tool using the same methodology as described for commercial marine vessels.
2.2.2.4

Fuel Use

Fuel use from helicopters was calculated using the default fuel consumption rate for twin
medium helicopters provided in the BOEM Emission Estimating Tool. The default fuel usage
rate (117 gal/hr) was multiplied by the total hours of flight to determine the total quantity of
fuel used.

2.2.3

Generators

It was assumed that portable diesel generators on the WTGs would be used during the
Project’s construction phase in the following sequence:
1. One 40 kW generator per WTG for 7 days, 24 hours per day
2. Then, three 40 kW generators per WTG for 5 days, 24 hours per day
3. Then, one 50 kW generator per WTG running on average at 28 kW for 30 days, 24
hours per day
During the operations and maintenance phase, it was assumed that each WTG would contain
a 6 kW diesel emergency generator that would operate no more than 100 hours per year. In
addition, it was assumed that portable, non-emergency 50 kW diesel generators would be
used on each WTG for 0.2% of the year (~18 hours). Each ESP was assumed to contain two
800 kW emergency diesel engines that would operate up to 100 hours per year.
Emissions from the 40 kW and 50 kW generators located on the WTGs were estimated based
on a 50 kW Tier 3 non-road diesel engine firing ULSD. Emissions from the 6 kW generators
located on the WTGs were estimated based on a 6 kW Tier 4 non-road diesel engine firing
ULSD. Emissions from the emergency generators on the ESPs were estimated based on a 800
kW Tier 2 non-road diesel engine firing ULSD. Engine size, applicable regulatory tier, and
fuel usage for each type of generator was determined from equipment specification sheets for
diesel generators that are representative of the type of generator that will be used for the
Project.
For the 6 kW, 40 kW, 50 kW, and 800 kW diesel generators, emission factors for NMHC +
NOx, CO, and PM based on the applicable EPA nonroad engine exhaust emission standards
corresponding to the engine’s regulatory tier. It was conservatively estimated that NOx is
100% and VOC is 1% of NMHC + NOx. For all generators, it was assumed that 100% of
PM is PM10 and 97% of PM is PM2.5 (EPA, 2010).
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SO2 emission factors for the generators were developed using a mass balance based on the
consumption of diesel fuel containing 15 ppm sulfur, a fuel density of 7.1 lb/gal, and a 2:1
ratio of SO2 to sulfur. Total tons of SO2 were calculated using the following equation:
7.10 𝑙𝑙𝑙𝑙 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 1.5 ∗ 10−6 𝑙𝑙𝑙𝑙 𝑆𝑆 100 % 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
∗
∗
𝑆𝑆𝑆𝑆2 (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡) = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑢𝑢𝑢𝑢𝑢𝑢 (𝑔𝑔𝑔𝑔𝑔𝑔) ∗
𝑔𝑔𝑔𝑔𝑔𝑔 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
100
𝑙𝑙𝑙𝑙 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
∗

1 𝑙𝑙𝑙𝑙 𝑚𝑚𝑚𝑚𝑚𝑚𝑒𝑒 𝑆𝑆 1 𝑙𝑙𝑙𝑙 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑆𝑆𝑂𝑂2
64 𝑙𝑙𝑙𝑙 𝑆𝑆𝑆𝑆2
1 𝑡𝑡𝑡𝑡𝑡𝑡 𝑆𝑆𝑆𝑆2
∗
∗
∗
1 𝑙𝑙𝑙𝑙 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑆𝑆 1 𝑙𝑙𝑙𝑙 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑆𝑆𝑂𝑂2 2000 𝑙𝑙𝑙𝑙 𝑆𝑆𝑆𝑆2
32 𝑙𝑙𝑙𝑙 𝑆𝑆

CO2 emission factors were based on the default Distillate Fuel No. 2 CO2 emission factor
(73.96 kg CO2/MMBtu) and higher heating value (HHV) (0.138 MMBtu/gal) from 40 CFR
Part 98 Table C-1 6. CH4 and N2O emission factors were based on default CH4 and N2O
emission factors for petroleum from 40 CFR Part 98 Table C-2 7 and the default Distillate Fuel
No. 2 HHV from 40 CFR Part 98.
Greenhouse gas emissions as carbon dioxide equivalent (CO2e) for the generators were
calculated using global warming potential (GWP) emission factors provided by the BOEM
Emission Estimating Tool following the same methodology as described for commercial
marine vessels.
Pb emission factors for the 6 kW, 40 kW, and 50 kW generators were based on the lead
emission factor for small (<600 hp) uncontrolled stationary diesel engines from AP-42. For
the 800 MW emergency generators, the Pb emission factor was based on the lead emission
factor for large (>600 hp) uncontrolled stationary diesel engines from AP-42. For all
generators, the lead emission factor in lb/MMBtu was converted to lb/gallon using the default
HHV for Distillate No. 2 Fuel Oil from 40 CFR Part 98 Table C-1. This lb/gallon emission
factor was multiplied by the total fuel use of each generator to determine total emissions of
lead.
HAPs emissions for the 6 kW, 40 kW, and 50 kW generators were estimated using HAP
emission factors for small (<600 hp) 8 uncontrolled stationary diesel engines from AP-42. For
the 800 kW emergency generators, HAP emissions were estimated using AP-42 HAP

6

From 40 CFR Part 98 Table C-1: Default CO2 Emission Factors and High Heat Values for Various Types of
Fuel.

7

From 40 CFR Part 98 Table C-2: Default CH4 and N2O Emission Factors for Various Types of Fuel.

8

The HAPs emission factor is the sum of emission factors listed in AP-42 Table 3.3-2: Speciated Organic
Compound Emission Factors for Uncontrolled Diesel Engines, Table 1.3-10: Emission Factors for Trace
Elements from Distillate Fuel Oil Combustion Sources, and Table 3.1-5: Emission Factors for Metallic
Hazardous Air Pollutants from Distillate Oil-Fired Stationary Gas Turbines.
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emission factors for large (>600 hp) uncontrolled stationary diesel engines 9. For both
generators, the total HAP emission factor in lb/MMBtu was converted to lb/gallon using the
default HHV for Distillate No. 2 Fuel Oil from 40 CFR Part 98 Table C-1.

2.2.4

Air compressors

Emissions from the air compressors used for noise mitigation devised (e.g bubble curtains)
were estimated based on an interim Tier 4 diesel engine firing ULSD. Engine size, applicable
regulatory tier, and fuel usage was determined from the equipment specification sheet of a
diesel air compressor that is representative of the type of compressor typically used for noise
mitigation in offshore wind projects 10. Air emissions for NOx, VOC, CO, and PM are based
on Tier 4 emission factors for 130 ≤ kW < 560 Tier 4 non-road compression-ignition engines
per 40 CFR Part 1039.102. Based on guidance from EPA’s most recent Exhaust and Crankcase
Emission Factor for Nonroad Engine Modeling – Compression Ignition report (2010), 100%
of PM is PM10 and 97% of PM is PM2.5. It was also assumed that 100% of NHMC is VOC.
SO2 emission factors were developed using a mass balance based on the consumption of
diesel fuel containing 15 ppm sulfur, a fuel density of 7.1 lb/gal, and a 2:1 ratio of SO2 to
sulfur. Total tons of SO2 were calculated using the same equation as described for generators.
CO2 emission factors were based on the default Distillate Fuel No. 2 CO2 emission factor
(73.96 kg CO2/MMBtu) and higher heating value (HHV) (0.138 MMBtu/gal) from 40 CFR
Part 98 Table C-1 11. CH4 and N2O emission factors were based on default CH4 and N2O
emission factors for petroleum from 40 CFR Part 98 Table C-2 12 and the default Distillate Fuel
No. 2 HHV from 40 CFR Part 98.
Greenhouse gas emissions as carbon dioxide equivalent (CO2e) for the air compressors were
calculated using global warming potential (GWP) emission factors provided by the BOEM
Emission Estimating Tool using the same methodology as described for commercial marine
vessels.

9

The HAPs emission factor is the sum of emission factors listed in AP-42, Table 1.3-10: Emission Factors for
Trace Elements from Distillate Fuel Oil Combustion Sources, Table 3.4-3: Speciated Organic Compound
Emission Factors for Large Uncontrolled Stationary Diesel Engines, Table 3.4-4: PAH Emission Factors for
Large Uncontrolled Stationary Diesel Engines and Table 3.1-5: Emission Factors for Metallic Hazardous Air
Pollutants from Distillate Oil-Fired Stationary Gas Turbines.

10

Based on 100% Oil-Free Air Compressors Protect Marine Life with Bubble Curtain. (2010). From
https://www.atlascopco.com/en-us/Rental/news/Oil-free-air-compressors-protect-marine-life-with-bubblecurtain

11

Distillate Fuel Oil No. 2 HHV and CO2 Emission Factor are from 40 CFR Part 98 Table C-1: Default
CO2 Emission Factors and High Heat Values for Various Types of Fuel.

12

Default CH4 and N2O emission factors are from 40 CFR Part 98 Table C-2: Default CH4 and N2O Emission
Factors for Various Types of Fuel
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The Pb emission factor for the air compressors was based on the lead emission factor for small
(<600 hp) uncontrolled stationary diesel engines from AP-42. The lead emission factor in
lb/MMBtu was converted to lb/gallon using the default HHV for Distillate No. 2 Fuel Oil from
40 CFR Part 98 Table C-1. This lb/gallon emission factor was multiplied by the total fuel use
of the air compressors to determine total emissions of lead. HAPs emissions for the air
compressors were based on HAPs emission factors for small (<600 hp) 13 uncontrolled
stationary diesel engines from AP-42 and the HHV for Distillate Fuel No. 2.

2.2.5

Pile Driving Hammer Engines

For each foundation, pile driving is expected to take less than three hours to achieve the target
penetration depth. Therefore, it was conservatively assumed that the pile driving hammer
engines would operate for 3 hours at 100% load for each foundation pile. It was
conservatively assumed that 50% of the 106 WTG foundations will be 4-pile jacket
foundations instead of monopiles and two conventional ESPs will have 4-pile jacket
foundations, which provides the maximum number of piles that may be driven for the Project.
Emissions from the engines used to power the hydraulic pile driving hammer were estimated
based on an Tier 2 diesel engine firing ULSD. Engine size, applicable regulatory tier, and fuel
usage was determined from the equipment specification sheet of a diesel engine that is
expected to be used for pile driving activities. Air emissions for NMHC+ NOx, CO, and PM
are based on Tier 2 emission factors for 560 ≤ kW < 900 Tier 2 non-road compressionignition engines. It was conservatively estimated that NOx is 100% and VOC is 1% of
NMHC+ NOx. Based on guidance from EPA’s most recent Exhaust and Crankcase Emission
Factor for Nonroad Engine Modeling – Compression Ignition report (2010), 100% of PM is
PM10 and 97% of PM is PM2.5.
SO2 emission factors were developed using a mass balance based on the consumption of
diesel fuel containing 15 ppm sulfur, a fuel density of 7.1 lb/gal, and a 2:1 ratio of SO2 to
sulfur. Total tons of SO2 were calculated using the same equation as described for the
generators.
CO2 emission factors were based on the default Distillate Fuel No. 2 CO2 emission factor
(73.96 kg CO2/MMBtu) and higher heating value (HHV) (0.138 MMBtu/gal) from 40 CFR
Part 98 Table C-1 14. CH4 and N2O emission factors were based on default CH4 and N2O

13

The HAPs emission factor is the sum of emission factors listed in AP-42 Table 3.3-2: Speciated Organic
Compound Emission Factors for Uncontrolled Diesel Engines, Table 1.3-10: Emission Factors for Trace
Elements from Distillate Fuel Oil Combustion Sources, and Table 3.1-5: Emission Factors for Metallic
Hazardous Air Pollutants from Distillate Oil-Fired Stationary Gas Turbines.

14

Distillate Fuel Oil No. 2 HHV and CO2 Emission Factor are from 40 CFR Part 98 Table C-1: Default
CO2 Emission Factors and High Heat Values for Various Types of Fuel.
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emission factors for petroleum from 40 CFR Part 98 Table C-2 15 and the default Distillate Fuel
No. 2 HHV from 40 CFR Part 98. Greenhouse gas emissions as carbon dioxide equivalent
(CO2e) for the air compressors were calculated using global warming potential (GWP)
emission factors provided by the BOEM Emission Estimating Tool using the same
methodology as described for commercial marine vessels.
The Pb emission factor for the hammer engine was based on the lead emission factor for large
(>600 hp) uncontrolled stationary diesel engines from AP-42. The lead emission factor in
lb/MMBtu was converted to lb/gallon using the default HHV for Distillate No. 2 Fuel Oil from
40 CFR Part 98 Table C-1. This lb/gallon emission factor was multiplied by the total fuel use
of the pile driving hammer engines to determine total emissions of lead. HAPs emissions for
the air compressors were based on HAPs emission factors for large (>600 hp) 16 uncontrolled
stationary diesel engines from AP-42 and the HHV for Distillate Fuel No. 2.

2.2.6

Fugitive Emissions

During the construction phase, it was conservatively estimated that 1 ton of VOC would be
emitted from fugitive emissions of solvents, paints, and coatings. During the operational
phase, it was assumed that there would be fugitive emissions from the use of 50 gallons of
marine paint for touch-ups each year. The VOC emission rate was based on the product
information sheet for White Ketamine Marine Primer, which had the highest VOC content
from a selection of several marine coatings material sheets 17.
Emissions of SF6 used to insulate electrical equipment (primarily switchgear) on the WTGs
and ESPs were estimated based on the storage capacity of SF6 within the equipment and the
maximum permissible annual leak rate of 1% per 310 CMR 7.72(5)(a) 18. Vineyard Wind’s
engineers indicated that there would be 13 kg of SF6 on each WTG. They also indicated that,
for the 800 MW project, there will be a total of eighteen 220 kV gas insulated switchgear
(GIS) and twenty-two 66 kV located on the ESPs. The 220 kV GIS are anticipated to contain
125 kg SF6. The 66kV GIS are expected to contain 85 kg SF6. Greenhouse gas emissions of
SF6 as carbon dioxide equivalent (CO2e) were calculated using a global warming potential
(GWP) of 23,500 from the most recent IPCC Fifth Assessment Report (2014). SF6 calculations
are provided in Attachment F.

15

Default CH4 and N2O emission factors are from 40 CFR Part 98 Table C-2: Default CH4 and N2O Emission
Factors for Various Types of Fuel

16

The HAPs emission factor is the sum of emission factors listed in AP-42 Table 3.3-2: Speciated Organic
Compound Emission Factors for Uncontrolled Diesel Engines, Table 1.3-10: Emission Factors for Trace
Elements from Distillate Fuel Oil Combustion Sources, and Table 3.1-5: Emission Factors for Metallic
Hazardous Air Pollutants from Distillate Oil-Fired Stationary Gas Turbines.

17

Cardinal White Ketamine Marine Primer from http://www.cardinalpaint.com/assets/TDS/7M90-10-tds.pdf

18

The maximum allowable SF6 emission rate beginning in the 2020 calendar year.
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2.2.7

Total Sulfuric Acid Mist Emissions

To determine the applicability of Prevention of Significant Deterioration (PSD) review as part
of the OCS Air Permit, total sulfuric acid mist (H2SO4) emissions were estimated. In the
overview of diesel combustion and pollutant formation, EPA’s (2007) Draft Regulatory Impact

Analysis: Control of Emissions of Air Pollution from Locomotive Engines and Marine
Compression-Ignition Engines Less than 30 Liters per Cylinder states that:
“Sulfur dioxide (SO2) is formed via combustion of sulfur compounds from the fuel
and lubricating oil burned during combustion. In the absence of post-combustion
catalytic treatment of the exhaust, approximately 1 to 3 % of fuel sulfur is oxidized to
ionic sulfate (SO3-) and upon further cooling is present primarily as a hydrated sulfuric
acid aerosol. For example, sulfate PM currently accounts for approximately 0.03 to
0.04 g/bhp-hr over the line-haul cycle for locomotive engines using 3000 ppm sulfur
nonroad diesel fuel.”
Almost all emission sources for the Project will be compression-ignition engines. To
determine the potential emissions of sulfuric acid mist (H2SO4) it was assumed that 3% of
fuel sulfur is oxidized to ionic sulfate and all fuel will be ULSD with a 15 ppm sulfur content.
To calculate the tons of H2SO4 based on the quantity of fuel used for the project, the
following equation was used:
𝐻𝐻2 𝑆𝑆𝑂𝑂4 (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡) = 𝑔𝑔𝑔𝑔𝑔𝑔 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ∗
∗

7.10 𝑙𝑙𝑙𝑙 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 1.5 ∗ 10−6 𝑙𝑙𝑙𝑙 𝑆𝑆 3 % 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
∗
∗
100
𝑙𝑙𝑙𝑙 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑔𝑔𝑔𝑔𝑔𝑔 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

1 𝑙𝑙𝑙𝑙 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑆𝑆 1 𝑙𝑙𝑙𝑙 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐻𝐻2 𝑆𝑆𝑂𝑂4
98.1 𝑙𝑙𝑙𝑙 𝐻𝐻2 𝑆𝑆𝑂𝑂4
1 𝑡𝑡𝑡𝑡𝑡𝑡 𝑆𝑆𝑆𝑆2
∗
∗
∗
1 𝑙𝑙𝑙𝑙 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑆𝑆
1 𝑙𝑙𝑙𝑙 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐻𝐻2 𝑆𝑆𝑂𝑂4 2000 𝑙𝑙𝑙𝑙 𝑆𝑆𝑆𝑆2
32 𝑙𝑙𝑙𝑙 𝑆𝑆

H2SO4 emissions were not calculated for each engine individually. Rather, total H2SO4
emissions for the construction and O&M phases were calculated based on the anticipated
total fuel use during each phase.

2.3

OCS Air Permit Emissions Summary
Air emissions from the Project that are subject to the OCS Air Permit process during the
construction phase are summarized in Table 2-9 below.

Table 2-11

Construction Phase Air Emissions Subject to OCS Air Permit

Total Fuel

OCS Air Permit Emissions (tons)

Use (gal)

NOx

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

H2SO4

Year 1

11,391,014

2,006

47.6

460

67.1

64.4

14.8

129,209

1.1

6.0

0.008

5.2

130,826

0.06

Year 2

1,950,312

312

5.5

71

9.4

9.1

0.5

19,059

0.1

0.9

0.001

0.9

19,300

0.01

Total

13,341,325

2,317

53.1

531

76.4

73.4

15.4

148,268

1.2

6.9

0.010

6.2

150,126

0.07
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Table 2-10 summarizes the air emissions from the Project that are subject to the OCS Air
Permit process during the operations and maintenance phase.
Table 210

Operations and Maintenance Phase Air Emissions Subject to OCS Air Permit

Total Fuel

30-Year
Lifespan
(tons)
Annual
(tpy)

OCS Air Permit Emissions

Use (gal)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

H2SO4

7,940,123

1,043.2

40.5

280.3

34.78

33.68

7.33

88,305

0.97

3.86

0.005

24.92

132,081

0.039

264,671

34.8

1.4

9.3

1.16

1.12

0.24

2,944

0.03

0.13

0.000

0.83

4,403

0.001
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3.0

GENERAL CONFORMITY EMISSIONS

Direct and indirect emissions that are outside the 25-mile OCS Air Permit Boundary, but are within
a maintenance or nonattainment area must be counted for purposes of determining general
conformity. For coastal areas, the nonattainment or maintenance area boundary extends to the state’s
seaward boundary, which is three nautical miles (NM) from the coastline (except in Florida and Texas
where the boundary is three leagues, or approximately nine miles). Because the Long Island Sound
is a juridical bay within the US coastline, the states (Connecticut and New York) have jurisdiction
over the Long Island Sound waters. As a result, the nonattainment or maintenance area boundary for
areas bordering the Long Island Sound are based on state and county lines rather than the 3 NM limit.
Attainment designations for all counties where Project emissions may occur are summarized in Table
3-1. All counties potentially affected by the Project’s air emissions are in attainment with the NAAQS
for Pb, SO2, and NO2, which are not included in the following table.
Table 3-1

Air Quality Designations for Areas Where Project-Related Emissions May Occur
2015 Ozone
Standard

2008 8-Hour Ozone
Standard

Barnstable, MA
Bristol, MA
Nantucket, MA

Attainment
Attainment
Attainment

Dukes, MA

Attainment

Attainment
Attainment
Attainment
Dukes County Marginal
Nonattainment Area

Area/County

Suffolk, NY
Fairfield, CT

New Haven, CT

EPA Intends to
Designate as New York
Metro
Nonattainment Area

New York Metro
Moderate
Nonattainment Area

1997 & 2006 1987 PM10
PM2.5
standard

New London, CT
All Rhode Island
Counties

EPA Intends to
Greater CT Moderate
Designate as Greater
Nonattainment Area
CT Nonattainment Area
Attainment

Attainment
Attainment
Attainment

Attainment
Attainment
Attainment

Attainment

Attainment

Attainment

Attainment

Attainment
New York-N. New JerseyLong Island, NY-NJ-CT / New
Haven-Meriden-Waterbury,
CT Maintenance Area
New Haven-MeridenWaterbury, CT Maintenance
Area
Hartford-New BritainMiddletown, CT
Maintenance Area

New York-N.
New Jersey-Long Attainment
Island, NY-NJ-CT
Maintenance
New Haven
Area
Maintenance
Area

Middlesex, CT

Attainment

1971 CO Standard

Attainment
Attainment
Attainment

Attainment

Attainment

Attainment

Attainment

Attainment

Attainment

Attainment

Attainment

Until the 2008 8-hour ozone NAAQS is revoked, Dukes County will be considered an ozone
nonattainment or maintenance area potentially subject to “General Conformity” requirements
(EPA, 2017; EPA, 2015b). If the Project uses a port in Connecticut during the construction
phase, vessels will pass through nonattainment and maintenance areas in Connecticut and
New York, resulting in the need for a General Conformity evaluation.
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For the construction phase, the air emissions subject to General Conformity will depend on
the combination of ports used. Three port scenarios were evaluated to determine the
maximum emissions that could occur in each nonattainment/maintenance area where Project
activities may occur. As described in Section 3.2.5 of Volume I, the Project plans to use New
Bedford Marine Commerce Terminal (New Bedford Terminal) to stage construction activities.
However, given the scale of the Project and the possibility that one or more other offshore
wind projects may be using portions of the New Bedford Terminal at the same time, Vineyard
Wind may need to stage certain activities from other Massachusetts or North Atlantic
commercial seaports. The ports that may be used by the Project are listed in Table 3-2 below.
Table 3-2 also indicates which counties within nonattainment or maintenance areas vessels
must pass through to reach each port.
Table 3-2

Potential Ports and Nonattainment/Maintenance Areas Impacted

Port

Regions Subject to General Conformity Where Vessel Emissions May Occur
Nonattainment /Maintenance Areas

Counties Along Vessel Route

Massachusetts Ports
New Bedford Marine
Commerce Terminal or other

Dukes County, MA

Dukes County, MA

area in New Bedford Port
Brayton Point

None

Montaup

None

Rhode Island Ports
Providence

None

Quonset Point

None

Connecticut Ports
New London
Bridgeport

Greater Connecticut Area

New London County, CT

New York Metro Area

Suffolk County, NY

New York Metro Area

Suffolk County, NY
Fairfield County, CT
Middlesex County, CT (possibly)
New Haven County, CT (possibly)

Vessels must only pass through nonattainment/maintenance areas when traveling from the
WDA to the New Bedford Terminal, New London, or Bridgeport. If needed, the ports in New
London and Bridgeport would likely only be used to offload shipments of WTG components,
prepare them for installation, and then load the components onto vessels for delivery to the
WDA. As a result, the following three conservative scenarios were evaluated to determine
the maximum emissions that could occur in each nonattainment/maintenance area where
Project activities may occur:
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1. All vessels travel using a domestic port travel to New Bedford Terminal.
2. One heavy cargo vessel and two jack-up vessels travel to Bridgeport, CT. The
remaining vessels using a domestic port travel to New Bedford Terminal.
3. One heavy cargo vessel and two jack-up vessels travel to New London, CT. The
remaining vessels using a domestic port travel to New Bedford Terminal.
Vineyard Wind is in the early stages of evaluating possible locations for O&M Facilities,
which include existing working harbors in Martha’s Vineyard or New Bedford. The New
Bedford Terminal is not located in a nonattainment area. Therefore, under this assumption,
vessels would only pass through the region subject to General Conformity (Dukes County
waters). Ports on Martha’s Vineyard (e.g. Vineyard Haven) are located in a
nonattainment/maintenance area. Therefore, vessels using a port on Martha’s Vineyard
would dock, maneuver, and travel through a maintenance/nonattainment area. For this
emissions estimate, it was assumed that the port on Martha’s Vineyard would be Vineyard
Haven.
Vessels must travel further through the Dukes County nonattainment/maintenance area (with
their main propulsion engines operating at high loads) to reach the New Bedford Terminal
than to reach Vineyard Haven. If Vineyard Haven were selected for the O&M Facility, large
vessels used for major repairs (e.g. jack-up vessels, heavy cargo vessels, etc.) would still use
New Bedford. Although CTVs and support vessels using Vineyard Haven would spend time
maneuvering within the nonattainment/maintenance area, the engines on these Category 1
and smaller Category 2 vessels would not operate while the vessel was dockside (EPA, 2016).
Only the larger vessels that use the New Bedford port would operate while dockside. Since
vessels will travel further to reach New Bedford than Vineyard Haven, and vessels using
Vineyard Haven are unlikely to hotel in port, it is more conservative to assume all vessels
travel to New Bedford for the purposes of General Conformity emissions estimates.
The following sections provide a description of the emission sources included in the General
Conformity emissions estimate and the methods used to quantify General Conformity
emissions.

3.1

Description of General Conformity Air Emission Sources
Like in the OCS Air Permit emissions estimate, the majority of air emissions from the Project
that are potentially subject to General Conformity will come from the engines on marine
vessels used during construction activities.
Emission sources used during offshore construction and O&M, which must be accounted for
in the General Conformity emissions estimate, include:
♦ Crew transfer/service vessels,
♦ Heavy cargo vessels,
♦ Heavy lift crane vessels,

4903/COP Volume III Appendix B
Air Emissions Calculations and Methodology

3-3

General Conformity Emissions
Epsilon Associates, Inc.

♦
♦
♦
♦
♦
♦
♦
♦
♦

Cable installation vessels,
Scour protection installation vessels,
Multipurpose support vessels,
Tugboats,
Anchor handling tug supply vessels,
Jack-up vessels,
Dredging vessels,
Survey vessels, and
Helicopters.

No onshore construction will occur within Dukes County, so there are no onshore emissions
subject to General Conformity within Dukes County. If a port in New London or Bridgeport
is used, there will be some onshore emissions from non-road equipment (i.e. cranes) and onroad vehicles used during the unloading and loading of equipment at the construction staging
area. The number and types of vessels, helicopters, and other offshore equipment, along with
anticipated hours of operation and number of round trips for each offshore emission source
was provided by Vineyard Wind’s engineers. A complete description of all of the offshore
emission points associated with Vineyard Wind’s Project that may be subject to General
Conformity can be found in Attachment C. Calculations of onshore emissions that are subject
to General Conformity are included in Attachment D.

3.2

Emission Calculation Methods
3.2.1

Commercial Marine Vessels (CMVs)

Commercial marine vessel emissions were calculated for General Conformity in the same
manner as for the OCS Air Permit, with some differences due to the location of the emissions
and activities in port. Consistent with the BOEM Offshore Wind Energy Facilities Emission
Estimating Tool, vessel air emissions were calculated based on vessels’ hours of operation
onsite, distance traveled, speed, total number of round trips, engine size, load factor, and
emission factor. When necessary, BOEM’s emission calculation methodology was
supplemented with guidance from EPA’s Current Methodologies in Preparing Mobile Source
Port-Related Emission Inventories (2009) and EPA’s 2014 National Emission Inventory
Technical Support Document (2016).
For vessels using New Bedford Terminal, the General Conformity emission estimates only
include emissions from vessels while in transit and do not include time that vessels spend
maneuvering in port or while dockside (hoteling). For each vessel, two calculations were
made:
♦ Emissions from the main engines while in transit
♦ Emissions from the auxiliary engines while in transit

4903/COP Volume III Appendix B
Air Emissions Calculations and Methodology

3-4

General Conformity Emissions
Epsilon Associates, Inc.

For each vessel using a New London or Bridgeport port, General Conformity emission
estimates must account for the time that vessels spend maneuvering in port and while
hoteling. For each vessel, five calculations were made:
♦
♦
♦
♦
♦

Emissions from the main engines while in transit;
Emissions from the main engines while maneuvering in port;
Emissions from the auxiliary engines while in transit;
Emissions from the auxiliary engines while maneuvering in port; and
Emission from auxiliary engines while hoteling in port.

The following sections primarily discuss the differences between the methodologies used to
estimate vessel emissions for the General Conformity process and OCS Air Permit process.
Engine sizes, emission factors for all pollutants (NOx, VOC, CO, PM10, PM2.5, SO2, HAPs,
Pb, and CO2e), and fuel usage were determined using the methods discussed in the OCS Air
Permit Emission Calculation Methods in Section 2.2.1.
Additional and Excluded Vessels
The General Conformity emissions estimate includes some vessels that were not included in
the OCS Air Permit emissions estimate. The OCS Air Permit estimate must only include
vessels at the WDA, and vessels traveling to and from the WDA when within 25-miles of the
WDA’s center. Therefore, cargo vessels and barges traveling directly from other domestic and
international ports to the Project’s construction staging area(s) were not included in the OCS
Air Permit emissions estimate. In contrast, the General Conformity emissions estimate
includes emissions from high-speed heavy cargo vessels used to transport the monopiles,
transition pieces, WTGs, and ESPs to the construction staging area(s) while within
nonattainment/maintenance areas. Some vessels that are included in the OCS Air Permit
emissions estimate are excluded from the General Conformity emissions estimate because
those vessels do not enter nonattainment/maintenance areas. This includes large heavy lift
and jack-up vessels used for foundation, ESP, and WTG installation because these vessels are
expected to travel directly to and from a Canadian port (or other international port) to the
WDA.
Distance Traveled and Hours of Operation
For General Conformity, the emissions estimate includes vessel emissions that occur outside
the OCS Air Permit Boundary and within a maintenance or nonattainment area. The distance
traveled by each vessel while within the region subject to General Conformity was
determined using Massachusetts Ocean Records Information System (MORIS): Massachusetts
Ocean Management Plan Data and 2013 Automatic Identification System (AIS) data.
Using MORIS and AIS data, vessel routes from the New Bedford Terminal to the WDA were
mapped out based on regions of concentrated commerce traffic. For the purposes of the
General Conformity, it was assumed that most vessels would travel from New Bedford to the
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edge of the 25-mile OCS Air Permit Boundary through Quicks Hole Channel (between
Pasque and Nashawena Islands), resulting in 13.5-nautical mile route through Dukes County
waters (see Figure 3-1). This is a conservative estimate because many larger, deep draft Project
vessels will travel around the Elizabeth Islands to reach New Bedford and this route only
crosses through 5 NM of Dukes County waters (see Figure 3-1). The distance traveled by
cable installation vessels within Dukes County waters was based on the maximum length of
offshore export cable in Dukes County Waters (4.3 NM). Cargo vessels traveling between
New Bedford and Europe
were assumed to follow shipping fairways lanes and
traffic separation schemes. As shown in Figure 3-2, this vessel route passes through 5 NM of
Dukes County waters.
Most probable vessel routes from the center of the WDA to Bridgeport and New London were
mapped out based on regions of concentrated commerce traffic using 2013 AIS data. It was
assumed that vessels would not pass through Dukes County waters or other active renewable
energy lease areas while enroute to New London or Bridgeport. It was estimated that vessels
traveling to Bridgeport would travel 68 NM through the New York Metro Nonattainment
Area. Vessels traveling to New London were estimated to travel 11 NM through the New
York Metro Nonattainment Area and 5.7 NM though the Greater Connecticut Nonattainment
Area (see Figure 3-3).
For the General Conformity emissions estimate, one round trip was added to the number of
round trips provided in the OCS Air Permit emissions estimate to account for the vessel’s
initial trip to the construction staging area from another port and final departure from the
construction staging area to another port. This is a conservative estimate since the port of
New Bedford will likely be the homeport of several harbor craft (e.g. tugs and crew transfer
vessels) used for the Project.
Hours of operation for main engines and auxiliary engines while in transit were calculated
from the vessel’s speed and total distance traveled by the vessel when outside the 25-mile
OCS Air Permit Boundary and within aa nonattainment/maintenance area. Hours spent
maneuvering in port were based on typical maneuvering times by vessel type provided in the
2014 NEI 19 (shown below) and the number of round trips.
Table 3-3

In-Port Maneuvering Time by Vessel
Vessel Type
Bulk Carrier
Bulk Carrier, Laker
Buoy Tender
Container
Crude Oil Tanker

19

Maneuvering Time (hours)
1
1
1.7
1
1.5

From 2014 NEI (2016), Table 4-98: Estimated Maneuvering Time by Vessel Type. The maneuvering time
includes time spent approaching the port and time spent departing from the port.

4903/COP Volume III Appendix B
Air Emissions Calculations and Methodology

3-6

General Conformity Emissions
Epsilon Associates, Inc.

Table 3-3

In-Port Maneuvering Time by Vessel (Continued)
Vessel Type
General Cargo
LNG Tanker
LPG Tanker
Misc.
Passenger
Reefer
RORO
Tanker
Tug
Vehicle Carrier

Maneuvering Time (hours)
1
1
1
1
0.8
1
1
1
1.7
1

For all vessels, it was assumed that all main engines used for propulsion would not operate
while the vessel is dockside per 2014 NEI (2016) guidance. For vessels equipped with
Category 1 and 2 engines (except for some larger vessels such as jack-up vessels), it was
assumed that neither the propulsion nor auxiliary engines would operate while the vessel was
dockside to conserve fuel (EPA, 2016). For Category 3 and large Category 2 vessels, auxiliary
engines were assumed to be hoteling any time the vessel is outside of the 25-mile OCS Air
Permit Boundary and not in transit or maneuvering in port.
Load Factor
As described in Section 2.2.1, a load factor of 0.83 was used for main (propulsion) engines
in transit. Consistent with the 2014 NEI (2016) and the BOEM Emission Estimating Tool, a
load factor of 0.20 was used for main (propulsion) engines while maneuvering in port.
Auxiliary engine load factors for vessels whose main engines are Category 3 engines were
taken from Table 2-7: Auxiliary Engine Load Factor Assumptions of EPA’s Port-Related
Emission Guidance (2009), shown in Table 2-3. For auxiliary engines in transit, the more
conservative “RSZ” load factor was used, since vessels may operate at speeds slower than
cruise speeds. For auxiliary engines on Category 3 vessels during hoteling, the “hotel” load
factor was selected.
Load factors from Table 3-3: EPA Load Factors for Harbor Craft (see Table 2-4) were used for
auxiliary engines on Category 1 and 2 vessels while in transit and maneuvering in port. For
large Category 2 vessels whose engines will not turn off in port, load factors from Table 3-3:
EPA Load Factors for Harbor Craft were also used for auxiliary engines while hoteling.
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Figure 3-1
New Bedford and Vineyard Haven Vessel Routes through General Conformity Areas
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Figure 3-3

Bridgeport and New London Vessel Routes through General Conformity Areas

3.2.2

Helicopters

General Conformity emission estimates for helicopters were determined for using the same
method used in the OCS Air Permit emission calculations described in Section 2.2.2.
However, the distance traveled by each helicopter only includes airspace over Dukes County
(including waters three nautical miles from shore) that is outside of the 25-mile OCS Air
Permit Boundary. Emissions from helicopters traveling out of Martha’s Vineyard Airfield were
assumed to be entirely accounted for in the OCS Air Permit emissions estimate. It was
estimated that helicopters out of Providence Airport would travel 14.5 miles while in the
airspace subject to General Conformity.

3.2.3

Non-Road Engines

Emissions from non-road engines used at the construction staging area (i.e. cranes) were
calculated using the latest version of EPA’s Motor Vehicle Emission Simulator, MOVES2014a.
This state-of-the-art emission estimating tool, last updated in November 2016, now
incorporates NONROAD2008. Emissions factors from MOVES2014a were used to calculate
emissions for each pollutant (NOx, VOC, CO, PM10, PM2.5, SO2, CO2, CH4, and HAPS 20).
To calculate emission factors and fuel consumption rates for this Project, a run was completed
for a weekday in August, 2017. Air emissions from non-road engines were calculated based
on engines’ hours of operation, engine size, load factor, and emission factor using the
following equation:

Where:
♦
♦
♦
♦
♦
♦

𝐸𝐸 = 𝑘𝑘𝑘𝑘 ∗ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 ∗ 𝐿𝐿𝐿𝐿 ∗ 𝐸𝐸𝐸𝐸 ∗ 1.10231𝐸𝐸-6
𝐸𝐸= total emissions, tons
𝑘𝑘𝑘𝑘= total engine size, kW
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = total hours of operation
𝐿𝐿𝐿𝐿 = engine load factor
𝐸𝐸𝐸𝐸= emission factor, g/kW-hr
1.10231𝐸𝐸-6= g to ton conversion factor

Load factors were from EPA’s Median Life, Annual Activity, and Load Factor Values for
Nonroad Engine Emissions Modeling (2010). The crane’s engine size was largely based on
onshore construction emission estimates from other U.S. offshore wind energy projects (Cape
Wind, Virginia Offshore Wind Technology Advancement Project (VOWTAP), and Block

20

MOVES2014a provides emission factors for individual HAPs, which were summed together.
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Island Wind Farm) 21. It was assumed that each WTG will take 6 hours to offload and load
onto a vessel and that the crane will use ultra-low-sulfur diesel (ULSD). These calculations
can be found in Attachment D.

3.2.4

On-road Vehicles

Emissions from vehicles used by port workers were also calculated using the latest version of
EPA’s Motor Vehicle Emission Simulator, MOVES2014a. To obtain passenger truck emission
factors, one MOVES2014a run was performed for a July morning using Bristol County projectlevel inputs provided by MassDEP for the most current year available (2016). Emissions
factors from MOVES2014a were used to calculate emissions for each pollutant (NOx, VOC,
CO, PM10, PM2.5, SO2, and CO2e). HAPs emissions for on-road vehicles were not available
via MOVES and were assumed to be negligible. It was assumed that there would be 25 port
workers who will commute on average 15 miles each way. 22 Air emissions from on-road
engines were calculated based on the distance each vehicle is expected to travel and
MOVES2014a emission factors using the following equation:

Where:
♦
♦
♦
♦

3.3

𝐸𝐸 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ∗ 𝐸𝐸𝐸𝐸 ∗ 1.10231𝐸𝐸-6
𝐸𝐸= total emissions, tons
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀= total distance traveled, miles
𝐸𝐸𝐸𝐸= emission factor, g/mile
1.10231𝐸𝐸-6= g to ton conversion factor

General Conformity Emissions Summary

Air emissions from the Project that may be subject to the General Conformity process during
the construction phase are summarized in the table below for each port scenario discussed
in Section 3.1.

21

22

Onshore construction emission estimates were based on VOWTAP’s Air Emission Calculation and
Methodology (Tetra Tech, 2014), Block Island Wind Farm and Transmission System’s Air Emission Analysis
(Tetra Tech, 2012), and Cape Wind’s OCS Air Permit Application (ESS Group, 2009).
US Bureau of Transportation. (2003). From Home to Work, the Average Commute is 26.4 Minutes.
Vol.
3
(Issue
4).
From
https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/omnistats/volume_03_issue_04/pdf/ent
ire.pdf

Omnistats,
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Table 3-4

Construction Phase Air Emissions Subject to General Conformity (Exclusive Use of
New Bedford Terminal)

Total Fuel

Maximum General Conformity Emissions in Dukes County, MA (tons)

Use (gal)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

Year 1

1,373,572

235

4.8

56

8.1

7.8

1.1

15,790

0.1

0.8

0.001

0.6

15,994

Year 2

268,584

47

0.7

11

1.5

1.4

0.1

3,021

0.0

0.1

0.000

0.1

3,060

1,642,156

282

5.5

66

9.5

9.2

1.2

18,811

0.1

0.9

0.001

0.7

19,055

Total

Table 3-5

Construction Phase Air Emissions Subject to General Conformity (Primary Use of New
Bedford Terminal, Some Bridgeport Use)

Total Fuel
Use (gal)

Maximum General Conformity Emissions (tons)
NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

Dukes County, MA
Year 1

1,287,859

220

4.6

52

7.6

7.3

1.1

14,824

0.1

0.7

0.001

0.5

15,016

Year 2

182,871

31

0.5

7

1.0

1.0

0.1

2,056

0.0

0.1

0.000

0.1

2,082

1,470,730

251

5.1

59

8.6

8.3

1.2

16,880

0.1

0.8

0.001

0.6

17,099

624,281

110

1.7

26

3.3

3.2

0.1

7,107

0.1

0.3

0.000

0.3

7,193

589,974

109

1.5

24

3.2

3.1

0.1

6,667

0.0

0.3

0.000

0.3

6,752

1,214,255

219

3.1

51

6.5

6.3

0.2

13,773

0.1

0.6

0.001

0.5

13,945

Total

New York Metro Area
Year 1
Year 2
Total

Table 3-6

Construction Phase Air Emissions Subject to General Conformity (Primary Use of New
Bedford Terminal, Some New London Use)

Total Fuel
Use (gal)

Maximum General Conformity Emissions (tons)
NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

Dukes County, MA
Year 1

1,287,859

220

4.6

52

7.6

7.3

1.1

14,824

0.1

0.7

0.001

0.5

15,016

Year 2

182,871

31

0.5

7

1.0

1.0

0.1

2,056

0.0

0.1

0.000

0.1

2,082

1,470,730

251

5.1

59

8.6

8.3

1.2

16,880

0.1

0.8

0.001

0.6

17,099

Total

New York Metro Area
Year 1

73,270

13

0.2

3.0

0.4

0.4

0.0

829

0.01

0.04

0.000

0.0

840

Year 2

73,270

13

0.2

3.0

0.4

0.4

0.0

829

0.01

0.04

0.000

0.0

840

Total

146,539

26

0.4

6.0

0.8

0.8

0.0

1,658

0.01

0.08

0.000

0.1

1,679

Greater Connecticut Area
Year 1

307,552

55

0.8

13.4

1.6

1.5

0.0

3,517

0.03

0.15

0.000

0.2

3,557

Year 2

273,245

54

0.7

11.7

1.5

1.5

0.0

3,077

0.02

0.15

0.000

0.1

3,117

Total

580,797

109

1.5

25.0

3.1

3.0

0.1

6,595

0.05

0.29

0.000

0.3

6,674
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Table 3-7 summarizes the air emissions from the Project that may be subject to the General
Conformity process during the operations and maintenance phase.
Table 3-7

Operations and Maintenance Phase Air Emissions Subject to General Conformity

Total Fuel
30-Year
Lifespan
(tons)
Annual
(tpy)

Maximum General Conformity Emissions

Use (gal)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

1,103,728

177.5

2.7

44.2

6.00

5.81

0.20

12,446

0.08

0.60

0.001

0.46

12,606

36,791

5.9

0.1

1.5

0.20

0.19

0.01

415

0.00

0.02

0.000

0.02

420
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4.0

EMISSIONS NOT SUBJECT TO GENERAL CONFORMITY OR THE OCS
AIR PERMIT IN FEDERAL WATERS

Emissions that occur outside the 25-mile OCS Air Permit Boundary and outside an
attainments/maintenance area are not regulated by the General Conformity or OCS Air Permit
processes. Although these emissions are not regulated, they were quantified for the purposes of the
Project’s Construction and Operations Plan (COP) and the National Environmental Policy Act (NEPA)
process. These emissions were calculated by first determining the total emissions that occur outside
of the OCS Air Permit Boundary, both onshore and offshore within US waters, and then subtracting
emissions subject to General Conformity. Emissions occurring outside the OCS Air Permit Boundary
are referred to as “Non-OCS Air Permit” emissions.
Non-OCS Air Permit emissions were calculated for the construction phase and O&M phases. As
discussed in Section 3, the quantity of construction phase air emissions will depend on the
combination of ports used. Consequently, three scenarios are provided to account for the envelope
of possible ports used during construction:
1. All vessels travel using a domestic port travel to New Bedford Terminal.
2. One heavy cargo vessel and two jack-up vessels travel to Bridgeport, CT. The
remaining vessels using a domestic port travel to New Bedford Terminal.
3. One heavy cargo vessel and two jack-up vessels travel to New London, CT. The
remaining vessels using a domestic port travel to New Bedford Terminal.

For the O&M phase, it was assumed that all vessels will travel to New Bedford, which represents the
O&M Facility with the farthest transit distances to and from the Offshore Project Area (see Section 3).
The following sections provide a description of the emission sources that occur outside of the 25mile OCS Air Permit Boundary and the methods used to quantify all “Non-OCS Air Permit” emissions.
The emission estimates that are provided represent the upper bound of Project emissions.

4.1

Description of Non-OCS Air Permit Emission Sources
The majority of air emissions from the Project occurring beyond the 25-mile OCS Air Permit
Boundary will come from the engines on marine vessels used during construction activities.
Emissions from marine vessel engines will occur while vessels travel to and from port and
while certain vessels are dockside. Emission sources used during offshore construction and
O&M that are included in the Non-OCS Air Permit emissions estimate include:
♦ Crew transfer/service vessels,
♦ Heavy cargo vessels,
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♦
♦
♦
♦
♦
♦
♦
♦
♦
♦

Heavy lift crane vessels,
Cable installation vessels,
Scour protection installation vessels,
Multipurpose offshore support vessels,
Tugboats,
Anchor handling tug supply vessels,
Jack-up vessels,
Dredging vessels,
Survey vessels, and
Helicopters.

Emission sources from onshore construction, operation, and maintenance activities will
include non-road equipment and on-road vehicles used during the unloading and loading of
equipment at the construction staging areas, during Horizontal Directional Drilling (HDD),
during the installation of the onshore export cable, and during construction of the onshore
substation. Onshore emission sources include:
♦ Non-road construction and mining equipment (backhoes, bore/drill rigs, compactors,
concrete trucks, concrete saws, cranes, excavators, forklifts, graders, light plants offhighway trucks, and pavers);
♦ Non-road commercial equipment (generators, pumps, and welders);
♦ Non-road industrial equipment (AC units and aerial lifts);
♦ Worker vehicles;
♦ Delivery and heavy-duty vehicles;
♦ Fugitive emissions from incidental solvent release and SF6; and
♦ Particulate emissions from construction dust
The number and types of vessels, helicopters, and other offshore equipment along with
anticipated hours of operation and number of round trips for each offshore emission source
was provided by Vineyard Wind’s engineers. Engine sizes, activity types, and hours of
operation for non-road equipment and vehicles were largely based on onshore construction
emission estimates from other U.S. offshore wind energy projects (Cape Wind 23, Virginia
Offshore Wind Technology Advancement Project (VOWTAP) 24, and Block Island Wind

23

ESS Group. (2009). Revised Cape Wind Emissions Estimates –Methodology.

24

Tetra Tech. (2014). Virginia Offshore Wind Technology Advancement Project Research Activities Plan,
Appendix I: Air Emission Calculations and Methodology.
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Farm25), replaced by project-specific information when possible. A complete description of
all emission points associated with Vineyard Wind’s 800MW Project incorporated in the
Non-OCS Air Permit calculations can be found in Attachment D.

4.2

Emission Calculation Methods
4.2.1

Commercial Marine Vessels (CMVs)

Commercial marine vessel emissions were calculated for Non-OCS Air Permit emissions in
the same manner as for the OCS Air Permit, with some differences due to the location of the
emissions and activities in port. Consistent with the BOEM Offshore Wind Energy Facilities
Emission Estimating Tool, vessel air emissions were calculated based on vessels’ hours of
operation onsite, distance traveled, speed, total number of round trips, engine size, load
factor, and emission factor. When necessary, BOEM’s emission calculation methodology was
supplemented with guidance from EPA’s Current Methodologies in Preparing Mobile Source
Port-Related Emission Inventories (2009) and EPA’s 2014 National Emission Inventory
Technical Support Document (2016).
Unlike the OCS Air Permit emission calculations, Non-OCS Air Permit emission estimates
must account for the time that vessels spend maneuvering in port and while dockside
(hoteling). For each vessel, five calculations were made:
♦
♦
♦
♦
♦

Emissions from the main engines while in transit;
Emissions from the main engines while maneuvering in port;
Emissions from the auxiliary engines while in transit;
Emissions from the auxiliary engines while maneuvering in port; and
Emission from auxiliary engines while hoteling in port.

The following sections discuss the methodologies used to estimate vessel emissions that occur
beyond the 25-mile OCS Air Permit Boundary. Engine sizes, emission factors for all pollutants
(NOx, VOC, CO, PM10, PM2.5, SO2, HAPs, Pb, and CO2e), and fuel usage were determined
using the methods discussed in the OCS Air Permit Emission Calculation Methods described
in Section 2.2.1.
Additional and Excluded Vessels
The Non-OCS Air Permit emissions estimate includes emissions from any vessel used for the
Project that will travel within US waters (all state and federal waters within the US Exclusive
Economic Zone). As a result, the Non-OCS Air Permit emissions estimate includes several
vessels that were not included in the OCS Air Permit emissions estimate. For example, the

25

Tetra Tech EC. (2012). Block Island Wind Farm and Block Island Transmission System Environmental
Report (ER)/Construction and Operations Plan (COP), Appendix K: Air Emissions Analysis.
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Non-OCS Air Permit emissions estimate includes emissions from high-speed heavy cargo
vessels used to transport the monopiles, transition pieces, WTGs, and ESPs to the construction
staging area while within US waters..
Distance Traveled and Hours of Operation
The Non-OCS Air Permit emissions estimate includes vessel emissions that are outside of the
OCS Air Permit Boundary and within US waters. The distance traveled by each vessel while
within US waters was determined using MORIS: Massachusetts Ocean Management Plan
Data and 2013 Automatic Identification System (AIS) data. Using MORIS and 2013 AIS data,
most probable vessel routes from the WDA to the New Bedford Terminal were mapped out
based on regions of concentrated commerce traffic. It was conservatively assumed that most
vessels would travel around the Elizabeth Islands to reach New Bedford, resulting in 37 to 40
nautical mile route from the New Bedford Terminal to the edge of the OCS Air Permit
Boundary (see Figure 4-1). This is a conservative estimate, since many smaller vessels will
travel along a 23 NM route through Quicks Hole Channel (between Nashawena and Pasque
Islands) to reach New Bedford from the WDA. The distance traveled by cable installation
vessels outside the OCS Air Permit boundary was based on the maximum length of offshore
export cable outside the boundary (20 NM).
Cargo vessels traveling between New Bedford and Europe
were assumed to follow
shipping fairways lanes and traffic separation schemes. As shown in Figure 4-2, this vessel
route is about 306 - 322 NM long within US waters. Large heavy lift and jack-up vessels used
for foundation, ESP, and WTG installation are expected to travel directly to and from a
Canadian port (or other international port) to the WDA. Most probable vessel routes between
the WDA and Canadian ports were mapped out using AIS data, taking into account marine
transportation areas to avoid. As shown in Figure 4-3, this vessel route is approximately 177
-188 NM long within US waters outside the OCS Air Permit Boundary.
Most probable vessel routes from the center of the WDA to Bridgeport and New London were
mapped out based on regions of concentrated commerce traffic using 2013 AIS data. It was
estimated that vessels traveling to Bridgeport would travel 114 NM in US waters outside of
the OCS Air Permit Boundary. Vessels traveling to New London were estimated 63 NM in
US waters outside of the OCS Air Permit Boundary (see Figure 4-4). For the Non-OCS Air
Permit emissions estimate, one round trip was added to the number of round trips provided
in the OCS Air Permit emissions estimate to account for the vessel’s initial trip to the
construction staging area from another port and final departure from the construction staging
area to another port. This is a conservative estimate since the port of New Bedford will likely
be the homeport of several harbor craft (e.g. tugs and crew transfer vessels) used for the
Project.
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Hours of operation for main engines while in transit were calculated from the vessel’s speed
and total distance traveled by the vessel when outside the 25-mile OCS Air Permit Boundary
and within US waters. Hours spent maneuvering in port were based on typical maneuvering
times by vessel type provided in the 2014 NEI 26 (see Table 3-3) and the number of round
trips.
For all vessels, it was assumed that all main engines used for propulsion would not operate
while the vessel is dockside per 2014 NEI (2016) guidance. For vessels equipped with
Category 1 and 2 engines (except for some larger vessels such as jack-up vessels), it was
assumed that neither the propulsion nor auxiliary engines would operate while the vessel was
dockside to conserve fuel (EPA, 2016). For Category 3 and large Category 2 vessels, auxiliary
engines were assumed to be hoteling any time the vessel is outside of the 25-mile OCS Air
Permit Boundary and not in transit or maneuvering in port.
Load Factor
As described in Section 2.2.1, a load factor of 0.83 was used for main (propulsion) engines
in transit. Consistent with the 2014 NEI (2016) and the BOEM Emission Estimating Tool, a
load factor of 0.20 was used for main (propulsion) engines while maneuvering in port.
Auxiliary engine load factors for vessels whose main engines are Category 3 engines were
taken from Table 2-7: Auxiliary Engine Load Factor Assumptions of EPA’s Port-Related
Emission Guidance (2009), shown in Table 2-3. For auxiliary engines maneuvering onsite,
the “maneuver” load factor was selected. For auxiliary engines in transit, the more
conservative “RSZ” load factor was used, since vessels may operate at speeds slower than
cruise speeds. For auxiliary engines during hoteling, the “hotel” load factor was selected.
Load factors from Table 3-3: EPA Load Factors for Harbor Craft 27 (shown in Table 2-4) were
used for auxiliary engines on Category 1 and 2 vessels while in transit and maneuvering in
port. For large Category 2 vessels whose engines will not turn off in port, load factors from
Table 3-3: EPA Load Factors for Harbor Craft were also used for auxiliary engines while
hoteling.

26

From 2014 NEI (2016), Table 4-98: Estimated Maneuvering Time by Vessel Type. The maneuvering time
includes time spent approaching the port and time spent departing from the port.

27

From EPA’s Port-Related Emission Guidance (2009).
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Figure 4-1

New Bedford and Vineyard Haven Vessel Routes through US Waters
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Figure 4-4

Bridgeport and New London Vessel Routes through US Waters

4.2.2

Helicopters

Non-OCS Air Permit emission estimates for helicopters were determined for using the same
method used in the Section 2.2.2. However, the distance traveled by each helicopter was
only includes airspace outside of the 25-mile OCS Air Permit Boundary. Emissions from
helicopters traveling out of Martha’s Vineyard Airfield were assumed to be entirely accounted
for in the OCS Air Permit emissions estimate. It was estimated that helicopters out of
Providence Airport would travel 44 miles while in the airspace outside the OCS Air Permit
Boundary.

4.2.3

Non-road Engines

Emissions from non-road engines such as cranes, excavators, and drilling rigs were calculated
using the latest version of EPA’s Motor Vehicle Emission Simulator, MOVES2014a which now
incorporates NONROAD2008. Emissions factors from MOVES2014a were used to calculate
emissions for each pollutant (NOx, VOC, CO, PM10, PM2.5, SO2, CO2, CH4, and HAPS 28).
To calculate emission factors and fuel consumption rates for this Project, a run was completed
for a weekday in August, 2017. Air emissions from non-road engines were calculated based
on engines’ hours of operation, engine size, load factor, and emission factor using the
following equation:

Where:
♦
♦
♦
♦
♦
♦

𝐸𝐸 = 𝑘𝑘𝑘𝑘 ∗ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 ∗ 𝐿𝐿𝐿𝐿 ∗ 𝐸𝐸𝐸𝐸 ∗ 1.10231𝐸𝐸-6
𝐸𝐸= total emissions, tons
𝑘𝑘𝑘𝑘= total engine size, kW
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = total hours of operation
𝐿𝐿𝐿𝐿 = engine load factor
𝐸𝐸𝐸𝐸= emission factor, g/kW-hr
1.10231𝐸𝐸-6= g to ton conversion factor

Load factors were from EPA’s Median Life, Annual Activity, and Load Factor Values for
Nonroad Engine Emissions Modeling (2010). Engine sizes, activity types, and hours of
operation were largely based on onshore construction emission estimates from other U.S.
offshore wind energy projects (Cape Wind, Virginia Offshore Wind Technology
Advancement Project (VOWTAP), and Block Island Wind Farm) 29, replaced by projectspecific information when possible.

28

MOVES2014a provides emission factors for individual HAPs, which were summed together.

29

Onshore construction emission estimates were based on VOWTAP’s Air Emission Calculation and
Methodology (Tetra Tech, 2014), Block Island Wind Farm and Transmission System’s Air Emission Analysis
(Tetra Tech, 2012), and Cape Wind’s OCS Air Permit Application (ESS Group, 2009).
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Key assumptions used to generate non-road construction are listed in the table below for each
onshore construction activity. These calculations can be found in Attachment F.
Table 4-1

Key Assumptions for Non-road Engine Onshore Construction Activities

All Onshore

• Typical work hours for onshore construction will be 7 am to 5 pm (10-hour days)

Construction

• All equipment will use ultra-low-sulfur diesel (ULSD)

Construction

• Each monopile and transition piece will take 2 hours to offload and load onto a

Staging Activities

vessel
• Each WTG and ESP will take 6 hours to offload and load onto a vessel
• Loading of rock onto the scour protection vessel will take 2 days per round trip
• Offloading and loading of export cables, inter-link cables, and inter-array cables
onto vessels will take one day per vessel round trip

Trench, Conduit,

• The maximum length of onshore export cable will be 6 miles.

Duct bank, and

• Maximum trench dimensions are 11ft wide by 8ft deep

Splice Vault

• Maximum duct bank cross sectional area is 12ft2 (4’ x 3’ or 6’ x 2’)

Installation

• Trenching, duct bank installation, concrete pouring occurs will occur a rate of 150
ft per day
• There will be one splice vault every 1500ft
• Each splice vault will take 1 hour to place by crane

Cable Pulling

• Three of nine cables can be pulled per day per splice vault

HDD

• Set up of the Horizontal Directional Drilling (HDD) rig will take 4 weeks
• HDD will require one week of continuous (24/7) operation per each of the three
bore holes
• Dismantling the HDD rig will take 2 weeks

Onshore

• The GIS substation will be 3 acres, with a concrete pad 0.66 m thick

Substation

• Clearing/grading the land for the substation and pouring the foundation will take 1

Construction

month
• Building the substation will take at most 8 months

4.2.4

Generators

Generators used offshore (on the ESPs and WTGs), were not included in the Non-OCS Air
Permit emissions estimate since they are already accounted for in the OCS Air Permit
emissions estimate. Generators used during onshore construction (cable pulling) were
assumed to be 100 hp generators, and their emissions were estimated using the methodology
for non-road engines described above.

4.2.5

On-road Vehicles

Emissions from on-road engines such passenger trucks, flatbed trucks, and dump trucks were
also calculated using the latest version of EPA’s Motor Vehicle Emission Simulator,
MOVES2014a. One MOVES2014a run was performed for each vehicle type (e.g. passenger
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truck, light commercial truck, etc.) to obtain emission factors specific to each vehicle type.
Each run was performed for a July morning using Bristol County project-level inputs provided
by MassDEP for the most current year available (2016). Each MOVES vehicle type includes a
mix of gasoline-fueled and diesel-fueled vehicles based on the project-level inputs provided
by MassDEP. Emissions factors from MOVES2014a were used to calculate emissions for each
pollutant (NOx, VOC, CO, PM10, PM2.5, SO2, and CO2e). HAPs emissions for on-road
vehicles were not available via MOVES and were assumed to be negligible. When not
available, PM10 was estimated from PM2.5, assuming 97% of PM10 is PM2.5 30. Air
emissions from on-road engines were calculated based on the distance each vehicle is
expected to travel and MOVES2014a emission factors using the following equation:
𝐸𝐸 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ∗ 𝐸𝐸𝐸𝐸 ∗ 1.10231𝐸𝐸-6

Where:
♦
♦
♦
♦

𝐸𝐸= total emissions, tons
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀= total distance traveled, miles
𝐸𝐸𝐸𝐸= emission factor, g/mile
1.10231𝐸𝐸-6= g to ton conversion factor

As shown in the following table, each type on on-road vehicle used for the Project was
assigned to one of 13 vehicle types used in MOVES2014a.
Table 4-2

Assigned Vehicle Types

Vehicle

MOVES2014a Category

Description

Worker personal vehicle

Passenger truck

Light duty vehicles and light duty trucks

Inspection truck

Passenger truck

Crew transport truck

Passenger truck

Heavy duty support truck

Light commercial truck

Light duty trucks and class 2b trucks less
than 10,000 lbs

Dump truck

Single unit short haul

Trucks greater than 10,000 lbs that travel

Flatbed truck

Single unit short haul

less than 200 miles

Note: concrete, winch, and boom trucks were characterized as non-road “off highway trucks”

The number of round trips taken by worker’s personal vehicles and crew transfer vehicles
was based on the duration of each construction activity. The number of round trips taken by
delivery vehicles and dump trucks was based on the quantity of materials requiring transport.

30

PM10 was not provided in MOVES2014a for light commercial trucks. It was assumed that light commercial
trucks use diesel fuel. EPA’s most recent Exhaust and Crankcase Emission Factor for Nonroad Engine
Modeling –Compression Ignition report (2010) states that 97% of PM10 is PM2.5 for diesel engines.
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These calculations can be found in Attachment F. Key assumptions used to generate on-road
construction emission estimates are listed in the table below for each onshore construction
activity.
Table 4-3

Key Assumptions for On-road Engine Onshore Construction Activities

All Onshore

• Workers will commute on average 15 miles each way 31

Construction

• Vehicles will not idle while at the project

Construction

• There will be 25 port workers

Staging Activities
Trench, Conduit,

• Dump trucks have a capacity of 20 cubic yards and travel 30 miles each way

Duct bank, and

• Concrete trucks have a capacity of 9.5 yards and take 2 hours per load, including

Splice Vault
Installation

travel
• All dirt and pavement will be hauled away as it is excavated
• All backfill will be delivered by dump truck
• Plastic duct work will be delivered on one flatbed truck per day
• Installation of the onshore export cable will require a 20-man crew

Cable Pulling

• Three of nine cables can be pulled per day per splice vault
• Cable pulling will require 2 heavy-duty support trucks and 2 crew trucks
• HDD will require a 20-person crew

HDD
Onshore

• GIS substation construction will require one truck delivery per day

Substation

• GIS substation construction will require a 20-person crew

Construction

4.2.6

Fugitive Emissions

It is possible that electrical equipment at the onshore substation (primarily switchgear) will
contain sulfur hexafluoride (SF6). Emissions of SF6 used to insulate electrical equipment at
the onshore substation were estimated using the same method used to estimate SF6 emissions
on the WTGs and ESPs in Section 2.2.5. It was assumed that the onshore substation will
contain the approximately same amount of SF6 as the ESPs. SF6 emissions were based on the
storage capacity of SF6 within the equipment and the maximum permissible annual leak rate
of 1% per 310 CMR Part 7.72(5)(a) 32.

31

US Bureau of Transportation. (2003). From Home to Work, the Average Commute is 26.4 Minutes.
Vol.
3
(Issue
4).
From
https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/omnistats/volume_03_issue_04/pdf/ent
ire.pdf

Omnistats,

32

The maximum allowable SF6 emission rate beginning in the 2020 calendar year.
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4.2.7

Construction Dust

Particulate emissions estimates from onshore construction activities were calculated
according to the methodology provided in EPA’s AP-42, Chapter 13.2.3: Heavy Construction
Operation. The amount of particulate emissions is proportional to the size of the construction
area and level of construction activity. PM10 emissions from onshore export cable
installation, HDD, and onshore substation construction were estimated using the following
equation:
𝐸𝐸 = 1.2
Where:

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
∗ 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀ℎ𝑠𝑠 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ∗ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ℎ𝑠𝑠

♦ 𝐸𝐸= total PM10 emissions, tons
♦ 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀ℎ𝑠𝑠= duration of activity, months
♦ 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴= area of construction, acres

For the emission estimates, it was assumed that each 150ft section of trench will be an active
construction site for two days, the substation construction area will be 3 acres, and the HDD
construction staging area will be 1 acre.
According to AP-42 Section 13.2.3.3, the emission factor of 1.2 tons/acre*month will result
in conservatively high estimates of PM10 and “may result in too high an estimate for PM10
to be of much use for a specific site under consideration.” While AP-42 Chapter 13.2.3
recommends estimating construction particulate emissions by breaking down the
construction process into component operations using Table 13.2.3-1: Recommended
Emission Factors for Construction Operations instead, the emission factors and equations
provided in the table require specific information beyond what is currently available for the
Project. Without any direction from the Chapter 13.2.3 on PM2.5 emissions, it was also
conservatively estimated that 100% of PM10 is PM2.5.

4.3

Summary of Emissions Not Subject to the OCS Air Permit or General Conformity
Process (if General Conformity Applies)
Air emissions from the Project that are not subject to the OCS Air Permit process or General
Conformity were determined by calculating all emissions not subject to the OCS Air Permit
and subtracting emissions that may be subject to the General Conformity process. These
emissions during the construction phase are summarized in the table below for each port
scenario discussed in Section 3.1.

4903/COP Volume III Appendix B
Air Emissions Calculations and Methodology

4-14

Emissions Not Subject to General Conformity
Epsilon Associates, Inc.

Table 4-4

Construction Phase Air Emissions Not Subject to OCS Air Permit or General
Conformity (Exclusive Use of New Bedford Terminal)

Total Fuel

Emissions (tons)

Use (gal)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

Year 1

5,419,597

919

20.3

227

38.5

37.4

3.8

63,399

0.5

2.8

0.004

2.4

63,997

Year 2

1,332,469

244

3.7

56

7.6

7.3

0.4

15,454

0.1

0.7

0.001

0.5

15,653

Total

6,752,067

1,163

23.9

283

46.1

44.7

4.2

78,853

0.6

3.6

0.005

2.9

79,650

Table 4-5

Construction Phase Air Emissions Not Subject to OCS Air Permit or General
Conformity (Primary Use of New Bedford Terminal, Some Bridgeport Use)

Total Fuel

Emissions (tons)

Use (gal)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

Year 1

4,774,839

848

16.4

197

28.4

27.3

3.7

55,558

0.3

2.7

0.004

1.5

56,278

Year 2

1,085,504

194

3.0

45

6.1

5.9

0.3

12,540

0.1

0.6

0.001

0.4

12,701

Total

5,860,343

1,043

19.4

242

34.5

33.3

4.0

68,098

0.4

3.3

0.005

2.0

68,979

Table 4-6

Construction Phase Air Emissions Not Subject to OCS Air Permit or General
Conformity (Primary Use of New Bedford Terminal, Some New London Use)

Total Fuel

Emissions (tons)

Use (gal)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

Year 1

4,759,018

845

16

196

28

27

4

55,380

0.3

2.7

0.004

1.5

56,098

Year 2

1,069,683

191

3

45

6

6

0

12,362

0.1

0.6

0.001

0.4

12,521

Total

5,828,700

1,036

19.3

241

34.3

33.1

4.0

67,742

0.4

3.3

0.005

2.0

68,619

Table 4-7 summarizes the estimated operations and maintenance (O&M) phase air emissions
from the Project that are not subject to the OCS Air Permit or General Conformity processes.
Table 4-7

O&M Phase Air Emissions Not Subject to OCS Air Permit or General Conformity

Total Fuel
30-Year
Lifespan
(tons)
Annual
(tpy)

Emissions

Use (gal)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

2,419,880

381.8

6.2

96.6

12.90

12.50

0.44

27,415

0.19

1.27

0.002

1.09

59,774

80,663

12.7

0.2

3.2

0.43

0.42

0.01

914

0.01

0.04

0.000

0.19

1,992
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5.0

TOTAL PROJECT EMISSIONS

The total air emissions from the Project (within the US) are summarized below. For the construction
phase, the total air emissions will depend on the combination of ports used. Three port scenarios
were evaluated to determine the maximum total emissions that may occur during the Project’s
construction phase within the US (see Tables 5-1 through 5.3).
Table 5-1

Total Construction Phase Air Emissions (Exclusive Use of New Bedford Terminal)

Total Fuel

Total Emissions (tons)

Use (gal)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

Year 1

18,184,183

3,160

72.6

743

113.7

109.6

19.8

208,397

1.7

9.6

0.013

8.2

210,818

Year 2

3,551,365

602

9.9

138

18.4

17.8

1.0

37,534

0.2

1.8

0.003

1.6

38,013

Total

21,735,548

3,761

82.5

880

132.1

127.4

20.8

245,931

1.9

11.4

0.016

9.8

248,831

Table 5-2

Total Construction Phase Air Emissions (Primary Use of New Bedford Terminal, Some
Bridgeport Use)

Total Fuel

Total Emissions (tons)

Use (gal)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

Year 1

18,453,068

3,204

73.3

754

115.0

110.9

19.8

211,367

1.7

9.7

0.780

8.4

213,824

Year 2

3,808,661

646

10.5

148

19.7

19.1

1.0

40,321

0.3

1.9

0.003

1.7

40,836

Total

22,261,729

3,850

83.7

902

134.7

129.9

20.8

251,688

2.0

11.6

0.783

10.1

254,660

Table 5-3

Total Construction Phase Air Emissions (Primary Use of New Bedford Terminal, Some
New London Use)

Total Fuel

Total Emissions (tons)

Use (gal)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

Year 1

18,193,788

3,159

73

743

114

109

20

208,429

1.7

9.6

0.013

8.3

210,848

Year 2

3,549,380

601

10

137

18

18

1

37,383

0.2

1.8

0.003

1.6

37,860

Total

21,743,168

3,759

82.4

881

131.9

127.2

20.7

245,812

1.9

11.3

0.016

9.9

248,707

As shown above, the use of a secondary port in Bridgeport in addition to New Bedford results in the
highest total air emissions estimate.
Vineyard Wind is in the early stages of evaluating possible locations for O&M Facilities, which
include existing working harbors in Martha’s Vineyard or New Bedford. Since vessels will travel
further to reach New Bedford than Vineyard Haven, and vessels using Vineyard Haven are unlikely
to hotel in port, it is more conservative to assume all vessels travel to New Bedford for the purposes
of total O&M phase emissions estimate. This estimate is presented in Table 5-4 below.
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Table 5-4

Total Operations and Maintenance Phase Air Emissions

Total Fuel
30-Year
Lifespan
(tons)
Annual
(tpy)

Total Emissions

Use (gal)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

11,463,731

1,602.4

49.5

421.1

53.68

51.98

7.98

128,166

1.23

5.72

0.008

26.47

204,461

382,124

53.4

1.6

14.0

1.79

1.73

0.27

4,272

0.04

0.19

0.000

1.04

6,815
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6.0

AVOIDED EMISSIONS

To quantity the CO2, NOx, and SO2 emissions associated with conventional power generation that
would be avoided as a result of the 800 MW Vineyard Wind Project, the following equation was
used:

𝐸𝐸𝐸𝐸𝑖𝑖 = 𝐸𝐸𝐹𝐹𝑖𝑖𝑖𝑖 ∗ 𝐺𝐺𝐺𝐺 ∗ 8760

Where:
♦
♦
♦
♦

𝑡𝑡𝑡𝑡𝑡𝑡
ℎ𝑟𝑟
∗ 𝐶𝐶𝐶𝐶 ∗ (1 − 𝑇𝑇𝑇𝑇𝑇𝑇) ∗ 1.10231𝐸𝐸 −6
𝑔𝑔
𝑦𝑦𝑦𝑦𝑦𝑦𝑟𝑟

𝐸𝐸𝐸𝐸𝑖𝑖 = Annual Emissions Avoided for Pollutant i (tons)
𝐺𝐺𝐺𝐺= Total Rated Peak Power Generation (MW)
𝐶𝐶𝐶𝐶= Capacity Factor
𝑇𝑇𝑇𝑇𝑇𝑇 = Transmission Loss Factor

The displacement analysis uses the NPCC New England annual non-baseload output emission rates
from EPA’s Emissions & Generation Resource Integrated Database (eGRID) 33 shown in Table 6-1.
Table 6-1

eGRID Avoided Emission Factors (g/MW-hr)

Pollutant
eGRID Avoided Emission Factor (g/MW-hr)

CO2

NOx

SO2

483,535

309.8

253.1

The analysis assumes an annual capacity factor of 45% and that “overplanting” of wind turbines will
negate any transmission losses (TLF = 0.0). Table 6-2 quantifies the emissions associated with
conventional power generation that would be avoided by using electricity generated from the 800
MW Project over the Project’s up to 30-year lifespan. Additional avoided emission calculation details
can be found in Attachment E.
Table 6-2

Annual Avoided Air Emissions in New England

Pollutant

33

CO2

NOx

SO2

Annual Avoided Emissions (tons/year)

1,680,887

1,077

880

Avoided Emissions over Project Lifespan (tons)

50,426,619

32,309

26,396

The displacement analysis uses subregion annual non-baseload output emission rates from eGRID2014(v2)
released 2/27/2017 https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid
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Attachment A
Air Emissions Summary

Vineyard Wind Air Emissions Summary for 800 MW (New Bedford Terminal)
Construction Phase

Total Fuel Consumption
(gal)

OCS Air Permit Emissions
Year 1
11,391,014
Year 2
1,950,312
Total
13,341,325
General Conformity Emissions (Dukes County, MA)
Year 1
1,373,572
Year 2
268,584
Total
1,642,156
Non-OCS Emissions Offshore (includes Conformity Emissions)
Year 1
6,395,376
Year 2
1,601,054
Total
7,996,430
Onshore Emissions
Year 1
397,793
Year 2
Total
397,793
Total Emissions not Subject to General Conformity or OCS Air Permit
Year 1
5,419,597
Year 2
1,332,469
Total
6,752,067
Total Construction Phase Emissions
Year 1
18,184,183
Year 2
3,551,365
Total Construction Phase Emissions
21,735,548

Operations and Maintenance Phase

Total Fuel Consumption
(gal)

OCS Air Permit Emissions
30-Year Lifespan
7,940,123
Annual
264,671
General Conformity Emissions
30-Year Lifespan
1,103,728
Annual
36,791
Non-OCS Emissions Offshore (includes Conformity Emissions)
30-Year Lifespan
3,445,011
Annual
114,834
Onshore Emissions
30-Year Lifespan
78,597
Annual
2,620
Total Emissions not Subject to General Conformity or OCS Air Permit
30-Year Lifespan
2,419,880
Annual
80,663
Total Operations and Maintenance Phase Emissions
30-Year Lifespan
11,463,731
Annual
382,124

Vineyard Wind - Air Emissions Summary (New Bedford Terminal)

Emissions (tons)
NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

2,006
312
2,317

47.6
5.5
53.1

460
71
531

67.1
9.4
76.4

64.4
9.1
73.4

14.8
0.5
15.4

129,209
19,059
148,268

1.1
0.1
1.2

6.0
0.9
6.9

0.008
0.001
0.010

5.2
0.9
6.2

130,826
19,300
150,126

235
47
282

4.8
0.7
5.5

56
11
66

8.1
1.5
9.5

7.8
1.4
9.2

1.1
0.1
1.2

15,790
3,021
18,811

0.1
0.0
0.1

0.8
0.1
0.9

0.001
0.000
0.001

0.6
0.1
0.7

15,994
3,060
19,055

1,133
290
1,423

21.8
4.4
26.2

264
67
331

37.9
9.0
46.9

36.6
8.7
45.3

4.9
0.5
5.4

74,261
18,475
92,736

0.5
0.1
0.6

3.6
0.9
4.5

0.005
0.001
0.006

2.2
0.6
2.8

75,224
18,713
93,937

21

3.2

19

8.7

8.7

0.0

4,927

0.2

0.0

0.0

0.8

4,768

21

3.2

19

9

9

0.0

4,927

0.2

0.0

0.0

0.8

4,768

919
244
1,163

20.3
3.7
23.9

227
56
283

38.5
7.6
46.1

37.4
7.3
44.7

3.8
0.4
4.2

63,399
15,454
78,853

0.5
0.1
0.6

2.8
0.7
3.6

0.004
0.001
0.005

2.4
0.5
2.9

63,997
15,653
79,650

3,160
602
3,761

72.6
9.9
82.5

743
138
880

113.7
18.4
132.1

109.6
17.8
127.4

19.8
1.0
20.8

208,397
37,534
245,931

1.7
0.2
1.9

9.6
1.8
11.4

0.013
0.003
0.016

8.2
1.6
9.8

210,818
38,013
248,831

Emissions (tons)
NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

1,043.2
34.8

40.5
1.4

280.3
9.3

34.78
1.16

33.68
1.12

7.33
0.24

88,305
2,944

0.97
0.03

3.86
0.13

0.005
0.000

24.92
0.83

132,081
4,403

177.5
5.9

2.7
0.1

44.2
1.5

6.00
0.20

5.81
0.19

0.20
0.01

12,446
415

0.08
0.00

0.60
0.02

0.001
0.000

0.46
0.02

12,606
420

556.1
18.5

8.6
0.3

138.2
4.6

18.76
0.63

18.17
0.61

0.63
0.02

38,908
1,297

0.24
0.01

1.86
0.06

0.003
0.000

1.42
0.05

39,408
1,314

3.1
0.1

0.4
0.0

2.5
0.1

0.14
0.00

0.13
0.00

0.01
0.00

953
32

0.02
0.00

0.00
0.00

0.000
0.000

0.13
0.16

32,972
1,099

381.8
12.7

6.2
0.2

96.6
3.2

12.90
0.43

12.50
0.42

0.44
0.01

27,415
914

0.19
0.01

1.27
0.04

0.002
0.000

1.09
0.19

59,774
1,992

1,602.4
53.4

49.5
1.6

421.1
14.0

53.68
1.79

51.98
1.73

7.98
0.27

128,166
4,272

1.23
0.04

5.72
0.19

0.008
0.000

26.47
1.04

204,461
6,815
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Vineyard Wind Air Emissions Summary for 800 MW (New Bedford Terminal + Bridgeport)
Construction Phase

Total Fuel Consumption
(gal)

OCS Air Permit Emissions
Year 1
11,391,014
Year 2
1,950,312
Total
13,341,325
General Conformity Emissions (Dukes County, MA)
Year 1
1,287,859
Year 2
182,871
Total
1,470,730
General Conformity Emissions (New York Metro Area NY-NJ-CT)
Offshore Year 1
589,974
Offshore Year 2
589,974
Onshore Year 1
34,306
Onshore Year 2
General Conformity Year 1
624,281
General Conformity Year 2
589,974
General Conformity Total
1,214,255
Offshore Non-OCS Emissions (includes Conformity Emissions)
Year 1
6,652,672
Year 2
1,858,349
Total
8,511,021
Onshore Emissions (MA)
Year 1
375,077
Year 2
Total
375,077
Total Emissions not Subject to General Conformity or OCS Air Permit
Year 1
4,774,839
Year 2
1,085,504
Total
5,860,343
Total Construction Phase Emissions
Year 1
18,453,068
Year 2
3,808,661
Total Construction Phase Emissions
22,261,729

Vineyard Wind - Air Emissions Summary (New Bedford Terminal + Bridgeport)

Emissions (tons)
NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

2,006
312
2,317

47.6
5.5
53.1

460
71
531

67.1
9.4
76.4

64.4
9.1
73.4

14.8
0.5
15.4

129,209
19,059
148,268

1.1
0.1
1.2

6.0
0.9
6.9

0.008
0.001
0.010

5.2
0.9
6.2

130,826
19,300
150,126

220
31
251

4.6
0.5
5.1

52
7
59

7.6
1.0
8.6

7.3
1.0
8.3

1.1
0.1
1.2

14,824
2,056
16,880

0.1
0.0
0.1

0.7
0.1
0.8

0.001
0.000
0.001

0.5
0.1
0.6

15,016
2,082
17,099

109
109
1

1.5
1.5
0.2

24
24
2

3.2
3.2
0.1

3.1
3.1
0.0

0.1
0.1
0.0

6,667
6,667
440

0.0
0.0
0.0

0.3
0.3
0.00

0.000
0.000

0.3
0.3
0.0

6,752
6,752
440.2

110
109
219

1.7
1.5
3.1

26
24
51

3.3
3.2
6.5

3.2
3.1
6.3

0.1
0.1
0.2

7,107
6,667
13,773

0.1
0.0
0.1

0.3
0.3
0.6

0.000
0.000
0.001

0.3
0.3
0.5

7,193
6,752
13,945

1,177
334
1,511

22.4
5.0
27.4

273
77
350

39.2
10.3
49.5

37.8
10.0
47.8

4.9
0.5
5.4

77,048
21,262
98,311

0.5
0.1
0.6

3.7
1.0
4.7

0.005
0.002
0.007

2.3
0.8
3.1

78,047
21,536
99,582

20

3.1

18

8.7

8.6

0.0

4,670

0.2

0.00

0.766

0.8

4,511

20

3.1

18

8.7

8.6

0.0

4,670

0.2

0.00

0.766

0.8

4,511

848
194
1,043

16.4
3.0
19.4

197
45
242

28.4
6.1
34.5

27.3
5.9
33.3

3.7
0.3
4.0

55,558
12,540
68,098

0.3
0.1
0.4

2.7
0.6
3.3

0.004
0.001
0.005

1.5
0.4
2.0

56,278
12,701
68,979

3,204
646
3,850

73.3
10.5
83.7

754
148
902

115.0
19.7
134.7

110.9
19.1
129.9

19.8
1.0
20.8

211,367
40,321
251,688

1.7
0.3
2.0

9.7
1.9
11.6

0.780
0.003
0.783

8.4
1.7
10.1

213,824
40,836
254,660
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Operations and Maintenance Phase

Total Fuel Consumption
(gal)

OCS Air Permit Emissions
30-Year Lifespan
7,940,123
Annual
264,671
General Conformity Emissions
30-Year Lifespan
1,103,728
Annual
36,791
Non-OCS Emissions Offshore (includes Conformity Emissions)
30-Year Lifespan
3,445,011
Annual
114,834
Onshore Emissions
30-Year Lifespan
78,597
Annual
2,620
Total Emissions not Subject to General Conformity or OCS Air Permit
30-Year Lifespan
2,419,880
Annual
80,663
Total Operations and Maintenance Phase Emissions
30-Year Lifespan
11,463,731
Annual
382,124

Vineyard Wind - Air Emissions Summary (New Bedford Terminal + Bridgeport)

Emissions (tons)
NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

Pb

HAPs

CO2e

1,043.2
34.8

40.5
1.4

280.3
9.3

34.78
1.16

33.68
1.12

7.33
0.24

88,305
2,944

0.97
0.03

3.86
0.13

0.005
0.000

24.92
0.83

132,081
4,403

177.5
5.9

2.7
0.1

44.2
1.5

6.00
0.20

5.81
0.19

0.20
0.01

12,446
415

0.08
0.00

0.60
0.02

0.001
0.000

0.46
0.02

12,606
420

556.1
18.5

8.6
0.3

138.2
4.6

18.76
0.63

18.17
0.61

0.63
0.02

38,908
1,297

0.24
0.01

1.86
0.06

0.003
0.000

1.42
0.05

39,408
1,314

3.1
0.1

0.4
0.0

2.5
0.1

0.14
0.00

0.13
0.00

0.01
0.00

953
32

0.02
0.00

0.00
0.00

0.132
0.161

0.13
0.16

32,972
1,099

381.8
12.7

6.2
0.2

96.6
3.2

12.90
0.43

12.50
0.42

0.44
0.01

27,415
914

0.19
0.01

1.27
0.04

0.134
0.161

1.09
0.19

59,774
1,992

1,602.4
53.4

49.5
1.6

421.1
14.0

53.68
1.79

51.98
1.73

7.98
0.27

128,166
4,272

1.23
0.04

5.72
0.19

0.139
0.161

26.47
1.04

204,461
6,815
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Vineyard Wind Emissions Summary for 800 MW (New Bedford Terminal + New London)
Emissions (tons)

Construction Phase
Total Fuel Consumption (gal)
OCS Air Permit Emissions
Year 1
11,391,014
Year 2
1,950,312
Total
13,341,325
General Conformity Emissions (Dukes County, MA)
Year 1
1,287,859
Year 2
182,871
Total
1,470,730
General Conformity Emissions (New York Metro Area NY-NJ-CT)
Year 1
73,270
Year 2
73,270
Total
146,539
General Conformity Emissions (Greater CT)
Offshore Year 1
273,245
Offshore Year 2
273,245
Onshore Year 1
34,306
Onshore Year 2
General Conformity Year 1
307,552
General Conformity Year 2
273,245
General Conformity Total
580,797
Non-OCS Emissions Offshore (includes Conformity Emissions)
Year 1
6,393,391
Year 2
1,599,068
Total
7,992,460
Onshore Emissions (MA)
Year 1
375,077
Year 2
Total Emissions not Subject to General Conformity or OCS Air Permit
Year 1
4,759,018
Year 2
1,069,683
Total
5,828,700
Total Construction Phase Emissions
Year 1
18,193,788
Year 2
3,549,380
Total Construction Phase Emissions
21,743,168

Vineyard Wind - Air Emissions Summary (New Bedford Terminal + New London)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

PB

HAPs

CO2e

2,006
312
2,317

47.6
5.5
53.1

460
71
531

67.1
9.4
76.4

64.4
9.1
73.4

14.8
0.5
15.4

129,209
19,059
148,268

1.1
0.1
1.2

6.0
0.9
6.9

0.008
0.001
0.010

5.2 130,826
0.9 19,300
6.2 150,126

220
31
251

4.6
0.5
5.1

52
7
59

7.6
1.0
8.6

7.3
1.0
8.3

1.1
0.1
1.2

14,824
2,056
16,880

0.1
0.0
0.1

0.7
0.1
0.8

0.001
0.000
0.001

0.5
0.1
0.6

15,016
2,082
17,099

13
13
26

0.2
0.2
0.4

3.0
3.0
6.0

0.4
0.4
0.8

0.4
0.4
0.8

0.0
0.0
0.0

829
829
1,658

0.01
0.01
0.01

0.04
0.04
0.08

0.000
0.000
0.000

0.0
0.0
0.1

840
840
1,679

54
54
1

0.7
0.7
0.2

11.7
11.7
1.7

1.5
1.5
0.1

1.5
1.5
0.0

0.0
0.0
0.0

3,077
3,077
440

0.02
0.02
0.01

0.15
0.15
0.00

0.000
0.000

0.1
0.1
0.0

3,117
3,117
440

55
54
109

0.8
0.7
1.5

13.4
11.7
25.0

1.6
1.5
3.1

1.5
1.5
3.0

0.0
0.0
0.1

3,517
3,077
6,595

0.03
0.02
0.05

0.15
0.15
0.29

0.000
0.000
0.000

0.2
0.1
0.3

3,557
3,117
6,674

1,132
289
1,421

21.7
4.3
26.0

263
67
330

37.8
8.9
46.7

36.5
8.6
45.1

4.8
0.4
5.3

74,110
18,324
92,434

0.5
0.1
0.6

3.6
0.9
4.5

0.005
0.001
0.006

2.2
0.7
2.9

75,070
18,560
93,630

20

3.1

18

8.7

8.6

0.0

4,670

0.2

0.0

0.8

4,511

845
191
1,036

16
3
19.3

196
45
241

28
6
34.3

27
6
33.1

4
0
4.0

55,380
12,362
67,742

0.3
0.1
0.4

2.7
0.6
3.3

0.004
0.001
0.005

1.5
0.4
2.0

56,098
12,521
68,619

3,159
601
3,759

73
10
82.4

743
137
881

114
18
131.9

109
18
127.2

20
1
20.7

208,429
37,383
245,812

1.7
0.2
1.9

9.6
1.8
11.3

0.013
0.003
0.016

8.3 210,848
1.6 37,860
9.9 248,707
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Emissions (tons)

Operations and Maintenance Phase
Total Fuel Consumption (gal)
OCS Air Permit Emissions
30-Year Lifespan
7,940,123
Annual
264,671
General Conformity Emissions
30-Year Lifespan
1,103,728
Annual
36,791
Non-OCS Emissions Offshore (includes Conformity Emissions)
30-Year Lifespan
3,445,011
Annual
114,834
Onshore Emissions
30-Year Lifespan
78,597
Annual
2,620
Total Emissions not Subject to General Conformity or OCS Air Permit
30-Year Lifespan
2,419,880
Annual
80,663
Total Operations and Maintenance Phase Emissions
30-Year Lifespan
11,463,731
Annual
382,124

Vineyard Wind - Air Emissions Summary (New Bedford Terminal + New London)

NOX

VOC

CO

PM10

PM2.5

SO2

CO2

CH4

N2O

PB

HAPs

CO2e

1,043.2
34.8

40.5
1.4

280.3
9.3

34.78
1.16

33.68
1.12

7.33
0.24

88,305
2,944

0.97
0.03

3.86
0.13

0.005
0.000

177.5
5.9

2.7
0.1

44.2
1.5

6.00
0.20

5.81
0.19

0.20
0.01

12,446
415

0.08
0.00

0.60
0.02

0.001
0.000

0.46
0.02

12,606
420

556.1
18.5

8.6
0.3

138.2
4.6

18.76
0.63

18.17
0.61

0.63
0.02

38,908
1,297

0.24
0.01

1.86
0.06

0.003
0.000

1.42
0.05

39,408
1,314

3.1
0.1

0.4
0.0

2.5
0.1

0.14
0.00

0.13
0.00

0.01
0.00

953
32

0.02
0.00

0.00
0.00

0.13
0.16

32,972
1,099

381.8
12.7

6.2
0.2

96.6
3.2

12.90
0.43

12.50
0.42

0.44
0.01

27,415
914

0.19
0.01

1.27
0.04

0.002
0.000

1.09
0.19

59,774
1,992

1,602.4
53.4

49.5
1.6

421.1
14.0

53.68
1.79

51.98
1.73

7.98
0.27

128,166
4,272

1.23
0.04

5.72
0.19

0.008
0.000
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24.92 132,081
0.83
4,403

26.47 204,461
1.04
6,815

Attachment B
OCS Air Permit Emissions (Includes Notice of Intent)

December 11, 2017
PRINCIPALS

Theodore A Barten, PE
Margaret B Briggs
Michael E Guski, CCM
Dale T Raczynski, PE

Donald Dahl
EPA New England Headquarters
5 Post Office Square - Suite 100
Boston, MA 02109-3912
via email at dahl.donald@epa.gov

Cindy Schlessinger
Lester B Smith, Jr

Subject:

Vineyard Wind Notice of Intent per 40 C.F.R. § 55.4

Robert D O’Neal, CCM, INCE
Andrew D Magee
Michael D Howard, PWS
Douglas J Kelleher
AJ Jablonowski, PE
Stephen H Slocomb, PE
David E Hewett, LEED AP
Dwight R Dunk, LPD
David C. Klinch, PWS, PMP

Dear Mr. Dahl:
On behalf of Vineyard Wind, LLC, this letter constitutes a Notice Of Intent (NOI) as
required prior to submitting an application for a preconstruction permit for the
Vineyard Wind Project under the Outer Continental Shelf (OCS) Air Regulations
pursuant to 40 C.F.R. Part 55.
This NOI addresses the requirements in 40 C.F.R. Part 55.4. Each provision of that
regulation is restated in boxes below, followed by the information necessary to
demonstrate that this NOI satisfies the regulatory requirement.

Samuel G. Mygatt, LLB
1943-2010

ASSOCIATES

40 C.F.R. 55.4 (a) Prior to performing any physical change or change in method of
operation that results in an increase in emissions, and not more than 18 months prior to
submitting an application for a preconstruction permit, the applicant shall submit a Notice
of Intent (“NOI”) to the Administrator through the EPA Regional Office…

Richard M. Lampeter, INCE
Maria B. Hartnett
Geoffrey Starsiak

3 Mill & Main Place, Suite 250
Maynard, MA 01754

Vineyard Wind will be submitting an application for an OCS preconstruction permit
within 18 months of this NOI.
40 C.F.R. 55.4 (a) [cont’d] …and at the same time shall submit copies of the NOI to the
air pollution control agencies of the [Nearest Onshore Area] NOA and onshore areas
adjacent to the NOA. This section applies only to sources located within 25 miles of
States' seaward boundaries.

www.epsilonassociates.com

978 897 7100
FAX

978 897 0099

As shown in Figure 1, the Nearest Onshore Area (NOA) is Massachusetts. A copy of
this NOI is being submitted to the air pollution control agencies of Massachusetts as
follows:

Donald Dahl
US EPA
December 2017
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Yi Tian
Massachusetts Department of Environmental Protection
1 Winter Street
Boston, Massachusetts 02108
Tom Cushing, Permit Chief
Massachusetts Department of Environmental Protection –Southeast Region
20 Riverside Drive
Lakeville, MA 02347
The onshore areas adjacent to the NOA are Rhode Island and New Hampshire. A
copy of this NOI is being submitted to the air pollution control agencies of Rhode
Island and New Hampshire as follows:
Laurie Grandchamp, Chief
RI DEM Office of Air Resources
235 Promenade Street
Providence, RI 02908
Craig A. Wright, Director
NHDES Air Resources Division
29 Hazen Drive
P.O. Box 95
Concord, NH 03302-0095
40 C.F.R. 55.4 (b) The NOI shall include the following: (1) General company information,
including company name and address, owner's name and agent, and facility site contact.

Company Name:
Company Mailing Address:
Facility Address:
Facility Site Contact:

Vineyard Wind, LLC
700 Pleasant Street, Suite 510
New Bedford, MA 02740
Lease Area OCS-A-0501

Contact Number:

Rachel Pachter, V.P. Permitting Affairs, Vineyard
Wind
508-640-5136

Contact E-mail Address:

Rpachter@vineyardwind.com

G:\Projects2\MA\MA\4903\MXD\Air Group\Leased_Wind_Energy_Areas_Nearest_Onshore_20171107.mxd
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Figure 1

Vineyard Wind Lease Area - Nearest Onshore Area
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40 C.F.R. 55.4 (b) (2) Facility description in terms of the proposed process and products,
including identification by Standard Industrial Classification Code.

Vineyard Wind, LLC is developing an ~800 MW offshore wind project (the
“Project”) for the BOEM Lease Area OCS-A 0501. The Lease Area is approximately
23 kilometers (14 miles) from the southeast corner of Martha’s Vineyard as shown in
Figure 1. The Project will utilize offshore wind energy as its renewable fuel to
generate electric energy for sale. The Standard Industrial Code (SIC) for the Project
is 4911. The Project’s offshore facilities will include offshore wind turbine
generators (WTGs), electrical service platforms (ESPs), and an offshore cable system.
The WTGs for this Project will be amongst the largest, most efficient machines
currently demonstrated for offshore use. Power generated by the WTGs will be
transmitted via an offshore cable system. Inter-array cables will connect strings
WTGs to an ESP. The ESPs include step-up transformers and other electrical gear. A
range of export cable routes and substation locations are being considered.
The Project may be constructed in one continuous construction cycle lasting
approximately 2 ½ to three years for the onshore and offshore components.
Onshore work is expected begin in late 2019 or early 2020. Offshore work will
likely commence in 2021. Construction is expected to be completed in Q2, 2022.
The project may also be built out in stages of 200 MW or 400 MW.
Heavy lift vessels, tugboats, barges, and jack-up vessels will be used to transport the
WTG, MP, TP, and ESP components to the Offshore Project Area. Installation of the
WTGs, monopiles, transition pieces, and ESPs will be performed using a
combination of “jack-up” vessels and dynamically positioned (DP) vessels. Scour
protection will be installed around the WTG and ESP foundations and cable
protection will be placed over limited sections of the offshore cable system. Cablelaying will be performed by specialized cable-laying vessels. Prior to cable-laying, a
pre-lay “grapnel run” will be made by multipurpose offshore support vessels to
locate and clear obstructions such as abandoned fishing gear and other marine
debris from the Offshore Export Cable Corridor. To achieve proper cable burial
depth, a specialized dredging vessel may also be used in certain areas prior to cable
laying to remove the upper portions of sand waves. Crew transfer vessels and
helicopters are expected to be used to transport personnel to and from the Offshore
Project Area and for marine mammal observations. Descriptions of each vessel type
can be found in Table 4.

Donald Dahl
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During the Project’s operations and maintenance phase, crew transfer vessels and
helicopters will transport crew to the Offshore Project Area for inspections, routine
maintenance, and repairs. Jack-up vessels, multipurpose offshore support vessels,
and rock-dumping vessels will travel to the Offshore Project Area infrequently for
maintenance and repairs.
40 C.F.R. 55.4 (b) (3) Estimate of the proposed project's potential emissions of any air
pollutant, expressed in total tons per year and in such other terms as may be necessary
to determine the applicability of requirements of this part. Potential emissions for the
project must include all vessel emissions associated with the proposed project in
accordance with the definition of potential emissions in §55.2 of this part.

The preliminary estimate of the Project’s potential emissions in terms of tons per
year is shown in Table 1, below. The preliminary estimate of the Project’s potential
air emissions was conducted assuming that all WTG positions, all lightweight ESPs,
and the maximum length of inter-array, inter-link, and offshore export cables would
be installed for the 800 MW Project, which represents a maximum design scenario.
Based on the most aggressive construction schedule under consideration for the 800
MW Project, it was conservatively estimated that half of the WTGs, three quarters of
the inter-array cables, and all of the scour protection, offshore export cables, ESPs,
and foundations could be constructed in one year. This estimate will be updated in
the OCS Air Permit Application to reflect refinements in the Project design and
possibly to reflect updated guidance for the OCS Air Permit emission calculations.
The air pollutants are associated with fuel combustion and some incidental solvent
use associated with offshore construction and maintenance activities. This includes
emissions from vessels servicing or associated with an OCS source while at the
source, and while enroute to or from the source when within 25 miles of the source,
in accordance with the definition of potential emissions in 40 C.F.R. § 55.2. During
the construction phase, emissions will primarily come from engines on vessels and
equipment used to transport and install WTGs, monopiles, transition pieces, ESPs,
scour protection, and the offshore cable system. Crew transfer vessels and
helicopters used to transport personnel to and from the Offshore Project Area will
also emit air pollutants during the construction phase. During the Project’s
operations and maintenance phase, operation of the WTGs will not generate air
emissions. However, there will be emissions from vessels and helicopters used to
transport crew and equipment to the Offshore Project Area for routine maintenance
and infrequent repairs.

Donald Dahl
US EPA
December 2017
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The air pollutants emitted during the Project’s construction and operational phases
include: nitrogen oxides (NOx); volatile organic compounds (VOC); carbon
monoxide (CO); particulate matter smaller than 10 microns (PM10); particulate
matter smaller than 2.5 microns (PM2.5, a subset of PM10); greenhouse gas
emissions as carbon dioxide equivalent (CO2e); sulfur dioxide (SO2); and total
hazardous air pollutants (HAPs, individual compounds are either VOC or particulate
matter). Potential emissions are listed separately for the construction phase and the
operational phase. Emissions from the decommissioning phase are not included in
this estimate of potential emission; a separate OCS Air Permit will likely be sought
for the decommissioning phase.
Table 1: PRELIMINARY Potential to Emit
Activity
Construction,
worst single
year (tons/year)
Operation and
Maintenance
(tons/year)

CO2e

NOx

SO2

VOC

CO

PM10

PM2.5

HAPs

126,223

1,980

15.3

47.2

441

65.7

63.0

5.0

3,225

35.7

0.24

1.3

9.2

1.14

1.11

0.83

In context, the maximum projected single-year NOx emissions are approximately
0.22% of the total NOx emissions from commercial marine vessel activity in U.S.
waters1.
During the operational phase, the Vineyard Wind Project would provide up to 800
MW of zero-carbon electric power. Table 2 quantifies the emissions associated
with conventional power generation that would be avoided by using electricity
generated from the 800 MW Project. The displacement analysis uses NPCC New
England air emissions data from EPA’s Emissions & Generation Resource Integrated

1

Based on USEPA’s 2014 National Emissions Inventory, Version 1 Technical Support
Document (December 2016). According to Table 4-115, commercial marine vessels in the
waters of the 50 states, Puerto Rico, and US Virgin Isles (out to 200 nautical miles from the
US coastline) emitted 1,215,718 tons of NOx in 2014.

Donald Dahl
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Database (eGRID)2. The constituents included in the analysis are nitrogen oxides
(NOx), sulfur dioxide (SO2), and carbon dioxide (CO2).
Table 2: Annual Avoided Air Emissions in New England
Pollutant
Avoided Emissions (tons/year)

CO2

NOx

SO2

1,676,913

1,030

880

Table 3 summarizes the emissions of CO2, NOx, and SO2 that would be avoided as
a result of the Vineyard Wind Project over the Project’s estimated 30-year lifespan
(taking into account construction and operational emissions).
Table 3: Avoided Air Emissions in New England over Project Lifespan
Pollutant
Avoided Emissions (tons)

CO2

NOx

SO2

50,108,292

27,819

26,369

As shown in this analysis, the Project would result in vastly lower emissions in the
New England region. In addition, the Vineyard Wind Project would decrease the
regional reliance on fossil fuels and enhance the reliability and diversity of the
energy mix on Cape Cod and in the Commonwealth of Massachusetts. This is
particularly important given that several base load/cycling plants have already
retired, are slated for retirement, or are approaching the end of life.
40 C.F.R. 55.4 (b)(4) Description of all emissions points including associated vessels.

The majority of air emissions from the Project will come from the main engines,
auxiliary engines, and auxiliary equipment on marine vessels used during
construction activities. Additional construction-related emissions may come from
diesel generators used to supply power to the WTGs and air compressors used to
supply compressed air to bubble curtains (underwater noise mitigation devices)
during pile-driving. All emission sources during construction are described in the
following table.

2

The displacement analysis uses subregion annual non-baseload output emission rates from
eGRID2014(v2) released 2/27/2017 https://www.epa.gov/energy/emissions-generationresource-integrated-database-egrid

Donald Dahl
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Description of Emissions Points

Emission Source
Crew transfer/service
vessels
Heavy lift crane vessels

Cable installation
vessels
Scour protection
installation vessels
Multipurpose offshore
support vessels
Tugboats
Anchor handling tug
supply vessels
Jack-up vessels

Dredging vessels
Air compressors
Temporary diesel
generators
Helicopters
Fugitive emissions of
solvents, paints, and
coatings

Description of Source
Transport crew to the Offshore Project Area
Transport marine mammal observers
Lift, support, and orient the components of each WTG
and ESP
Install the foundations of the WTGs
Lay and bury transmission cables in the seafloor
Deposit a layer of stone around the WTGs’ foundations
to prevent the removal of sediment by hydrodynamic
forces
Clear the seabed floor of debris prior to laying
transmission cables
Transport equipment and barges to the Offshore Project
Area
Install bubble curtains (underwater noise mitigation
devices)
Transport WTG components to the Offshore Project
Area
Extend legs to the ocean floor to provide a safe, stable
working platform
Used in certain areas prior to cable laying to remove
the upper portions of sand waves
Supply compressed air to the bubble curtains
Temporarily supply power to the WTG prior to the
turbine becoming operational
Transfer crew to the Offshore Project Area
Fugitive emissions from solvents and paints/coatings

Emissions during the Project’s operational phase will come from vessels, generators,
air compressors, and helicopters used during routine maintenance and repair
activities. Emission sources during the operational phase of the Project include:



Crew transfer/service vessels
Scour protection installation vessels

Donald Dahl
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Multipurpose offshore support vessels
Tugboats
Jack-up vessels
Emergency generators
Air Compressors
Helicopters

A complete description of all of the emission points associated with Vineyard
Wind’s 800MW offshore wind project including engine sizes, hours of operation,
load factors, emission factors, and fuel consumption rates will be provided in the
OCS Air Permit application.
40 C.F.R. 55.4 (5) Estimate of quantity and type of fuels and raw materials to be used.

Fuel use, provided in Table 5, was calculated using the engine size, fuel
consumption rate, load factor, and total operating hours of each emission source.
All non-road equipment, emergency generators, jack-up vessels, crew transfer
vessels, tugboats, and other smaller Category 1 and 2 vessels will use No. 2 fuel oil.
Some larger vessels may use Heavy Fuel Oil (No. 5 and 6 fuel oil). Helicopters will
use jet fuel (No. 1 fuel oil).
Table 5: PRELIMINARY Fuel Use, gallons per year
Activity

Fuel Type

Fuel Use

Construction, worst single year

Fuel oil

10,982,416

Operations and Maintenance

Fuel oil

286,476

During the construction phase, it is anticipated that approximately 50% of fuel used
will be diesel fuel, about 50% will be Heavy Fuel Oil, and a small quantity of jet
fuel will be used by helicopters. During the operational phase, approximately 77%
of the fuel used is expected to be diesel fuel, 20% is expected to be jet fuel, and 3%
is expected to be Heavy Fuel Oil.
40 C.F.R. 55.4 (6) Description of proposed air pollution control equipment.

The engines and generators used in this Project will be certified by the manufacturer
to comply with applicable non-road or marine engine emission standards. For most
engines, these standards will be met by optimizing the combustion process. Engine
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manufacturers will optimize the combustion process to avoid incomplete
combustion and avoid “hot-spots” that can form NOx. Optimization steps will
differ from engine to engine and can include changes to “fuel injection timing,
pressure, and rate (rate shaping), fuel nozzle flow area, exhaust valve timing, and
cylinder compression volume3.” Controls can also include the use of water
injection and exhaust gas recirculation to cool the combustion temperature, and on
the newest engines can include selective catalytic reduction to reverse the NOx
formation reaction.
40 C.F.R. 55.4 (7) Proposed limitations on source operations or any work practice
standards affecting emissions.

Emissions from marine vessels will be minimized by the use of modern equipment
that complies with domestic and international regulations. Under Annex VI of the
MARPOL treaty, the International Maritime Organization (IMO) set global limits on
the sulfur content of fuel oil used aboard U.S. and foreign vessels and on NOx
emissions from any vessel built after 2000 with engine sizes greater than 130 kW.
The emission standards are commonly referred to as Tier I, II, and III standards, and
are based on the vessel’s model year, engine size, and maximum engine speed.
These emission limits are even more stringent within Emission Control Areas (ECAs).
The Offshore Project Area is located within the waters of the North American ECA,
which extends 200 nautical miles from most of the U.S. and Canadian coastline.
Since the Offshore Project Area is located in an Emission Control Area (ECA), all
applicable vessels operating within 25 miles of the Project area must comply with
the following requirements at a minimum:
Table 6: MARPOL Annex VI NOx Emission Limits

Tier
Tier I
Tier II
Tier III

NOx Limit (g/kWh)
Model
Year n < 130 130 ≤ n < 2000 n ≥ 2000
2000
2011
2016

17.0
14.4
3.4

45 · n-0.2
44 · n-0.23
39 · n-0.2

n = engine maximum operating speed (rpm)

3

https://www.dieselnet.com/standards/inter/imo.php

9.8
7.7
1.96

Maximum Fuel Sulfur
Content (ppm)
1000
1000
1000
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Emission standards for U.S. vessels established by the EPA under 40 C.F.R. Parts 80,
89, 94, 1042, 1043, 1065, and 1068 are even more stringent for certain vessels. As
of June 1, 2012, under 40 C.F.R. Part 80 Subpart I, all domestic non-road,
locomotive, or marine (NRLM) diesel fuel must have a sulfur content of less than 15
ppm, with the exception of heavy fuel oils (HFO) used in Category 2 and Category 3
marine diesel engines and ECA marine fuel (defined by EPA as fuel oil used in
Category 3 marine engines while operating in an ECA). Consequently, all domestic
Category 1 engines and Category 2 engines (except those firing HFO) must use
ULSD. All domestic Category 3 engines and Category 2 engines using HFO must
use fuel oil with a sulfur content of less than 1000 ppm.
Although foreign vessels operating in an ECA can use any fuel oil with a sulfur
content of up to 1000 ppm, the Project plans to use ULSD for all jack-up vessels and
smaller Category 1 and 2 vessels (e.g. tugboats, crew vessels). It was conservatively
assumed that all Category 3 marine vessels that do not possess jack-up capabilities
will fire Heavy Fuel Oil (HFO) with a sulfur content of 1000 ppm. Consistent with
40 C.F.R. Part 80 Subpart I, all non-road equipment will use ULSD. Emergency
generators located on the WTGs and ESPs will fire ULSD, and will operate for
emergencies and reliability testing only.
To track emissions during the construction and operational phases, the hours of
operation for each OCS stationary engine, non-stationary engine, and OCS vessel
will be monitored and recorded. The sulfur content of all fuel used in all OCS
engines will be monitored and documented. Using this information, OCS Source
emissions, OCS vessel transit emissions, non-stationary engine emissions, and total
OCS emissions of NOx will be calculated and recorded. Operation of the
emergency generators on the ESPs will be restricted to 100 hours per year (outside
of emergencies) for reliability testing.
40 C.F.R. 55.4 (8) Other information affecting emissions, including, where applicable,
information related to stack parameters (including height, diameter, and plume
temperature), flow rates, and equipment and facility dimensions.

When possible, the stack height of a vessel was determined from the vessel’s
specification sheet provided by the manufacturer. If this information was not
available, an average stack height of 43 meters was used for ocean going vessels
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and an average stack height of 6 meters was used for commercial harbor craft4.
Vessel stack heights are summarized in Table 7 below.
Table 7

Approximate Vessel Stack Heights

Emission Source
Crew transfer/service vessels
Heavy lift crane vessels
Cable installation vessels
Scour protection installation vessels
Multipurpose offshore support vessels
Tugboats
Anchor handling tug supply vessels
Jack-up vessels
Dredging vessels

Stack Height (m)
6
38
27 - 28
30
6
6
6
43
43

40 C.F.R. 55.4 (9) Such other information as may be necessary to determine the
applicability of onshore requirements.

Massachusetts is the Nearest Onshore Area (NOA) for the Project. If the NOA
becomes the designated Corresponding Onshore Area (COA) per 40 C.F.R. Part
55.5, the Project will be subject to the applicable requirements of the Massachusetts
Air Regulations (310 CMR 6.00 - 8.00), which have been incorporated into 40
C.F.R. Part 55 by reference and have been listed in Appendix A of the OCS Air
Regulations. If Massachusetts is designated as the COA, the following regulations
will apply to the Project:
•
•
•
•

4

310 CMR 4.00 (Sections 4.01 – 4.04 and 4.10)
310 CMR 6.00 (Sections 6.01- 6.04)
310 CMR 7.00 (Sections 7.00 – 7.09, 7.11 – 7.15, 7,18,7.19, 7.21,
7.22, 7.24-26, 7.32, 7.60, 7.70, 7.71, and Appendices A-C)
310 CMR 8.00 (Sections 8.01 – 8.08, 8.15, and 8.30)

Average vessel stack heights are from California EPA Air Resources Board’s Appendix G:

Draft Diesel Particulate Matter Exposure Assessment Study for the Ports of Los Angeles and
Long Beach (2005).
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However, the Massachusetts regulations have been revised since the last update to
40 C.F.R. Part 55. Per 40 C.F.R. Part 55.12, upon receipt of this NOI, EPA will
conduct a consistency review of regulations in the onshore area and update 40
C.F.R. Part 55 to include all applicable federal, state, and local requirements.
40 C.F.R. 55.4 (10) Such other information as may be necessary to determine the
source's impact in onshore areas.

Since the Offshore Project Area is approximately 14 miles offshore, to the southeast
of the mainland, and prevailing winds are from the west, the Project is unlikely to
have any effect on onshore areas. Further, construction emissions will be temporary,
and operational emissions will be a small fraction of existing marine vessel
emissions in the area. Finally, the Project’s impacts will be minimized and
mitigated through the OCS Air Permit process. If the NOA becomes the designated
Corresponding Onshore Area (COA) per 40 C.F.R. Part 55.5, emissions from the
construction-phase OCS sources will need to meet applicable Massachusetts Best
Available Control Technology (BACT) and Lowest Achievable Emission Rate (LAER)
limits, and will need to offset NOx emissions through the use of emission reduction
credits.

Thank you for your attention. Questions or concerns regarding this NOI may be
provided
to
Rachel
Pachter,
or
to
me
at
978-897-7100
or
ajablonowski@epsilonassociates.com.
Sincerely,
EPSILON ASSOCIATES, INC

A.J. Jablonowski
Principal

Attachment C
General Conformity Emissions

Attachment redacted in its entirety

Attachment D
NON-OCS Air Permit Emissions

Attachment redacted in its entirety

Attachment E
Avoided Emissions

Avoided Emissions for 800 MW
Inputs
Total Capacity (MW)
800
Capacity Factor
0.45
Transmission Loss 1
0
Hours per year
8760
Power Generated (MW-hr)
3,153,600
1) Assumes that there will be added turbines (overplanting) to account for transmission losses
ISO NE Emissions2
2015 ISO NE Emissions
(kTons)
2015 ISO NE Emissions (Tons)
NOx
18.86
18,860
SO2
9.11
9,110
CO2
39,317.00
39,317,000
2) 2015 Emissions from ISO New England Electric Generator Air Emissions Report Air Emissions Report (2017) Table 1-1 2014 and 2015 New England System
Emissions (ktons) and Emission Rates (lb/MWh) https://www.iso-ne.com/static-assets/documents/2017/01/2015_emissions_report.pdf

Avoided Emissions
Displaced Emissions from
Displaced Emissions Fraction of ISO
NE Region
Avoided Emission Factor
Avoided Emission Factor
Conventional Power Generation Over Project Lifespan
3
(lb/MWH)
(tons/year)
(tons)
Emissions (%)4
(g/MWH)
Pollutant
NOx
309.80
0.68
1,077
32,309
6%
SO2
253.10
0.56
880
26,396
10%
CO2
483,535.36
1,066
1,680,887
50,426,619
4%
3) BOEM avoided emission factors use NPCC New England annual non-baseload output emission rates from EPA’s eGRID2014(v2) released 2/27/2017
4) Based on 2015 Emissions from ISO New England Electric Generator Air Emissions Report Air Emissions Report (2017) Table 1-1 2014 and 2015 New England
System Emissions (ktons) and Emission Rates (lb/MWh)
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Avian Appendix

Appendix to the Avian COP: Exposure Assessment for Marine
Birds for the Vineyard Wind Project
Exposure Assessment Framework
To assess the exposure of marine birds in the Wind Development Area (“WDA”), two data
sources were used to evaluate local and regional marine bird use: the Massachusetts Clean
Energy Center (“MACEC”) seabird surveys (Veit et al., 2016; referred to as 'Veit survey data',
'MassCEC data' or 'Veit MassCEC data'), and the Marine‐life Data and Analysis Team (“MDAT”)
marine birds abundance and occurrence models (Curtice et al., 2016;Kinlan et al., 2016; referred
to as the 'MDAT data' or 'MDAT abundance models'). We believe these to be the two best
available sources of information on marine bird populations for the area, each of which provides
context at different spatial scales. To describe local‐scale patterns of abundance, we used data
from 38 aerial surveys that Veit et al. (2016) conducted between November 2011 and January
2015 for the MassCEC and the BOEM. These surveys provided baseline information on the
distribution and abundance of marine birds for the BOEM Wind Energy Area (“WEA”) off of
Massachusetts, south of Martha’s Vineyard and Nantucket. We used the original count data that
were collected over three annual survey periods and occurred across all seasons. Seasons were
chosen to describe broad changes in weather patterns in the offshore environment: spring
(March–May), summer (June–August), fall (September–November), and winter (December–
February).
To describe regional‐scale patterns of abundance, we used seasonal predictions of density that
were developed as part of the MDAT regional analysis of boat and aerial survey data (Curtice et
al., 2016; Kinlan et al. 2016). This analysis integrated survey data from the Northwest Atlantic
Seabird Catalog (including surveys from 1978‐2014) with a range of environmental variables to
produce long‐term average annual and seasonal models. Models developed by MDAT were used
and acquired through the Northeast Regional Ocean Council (“NROC”) data portal
(http://www.northeastoceandata.org/). These models were developed to support marine spatial
planning in the northeast by the Northeast Regional Planning Body, but are also available to
support other planning efforts. Abundance and occurrence models were produced for 40 avian
species for the US Atlantic waters from Florida to Maine, and thus provide an excellent context
for relative densities estimated from the MassCEC surveys.
The MDAT and MassCEC data sets each have strengths and limitations. The MassCEC data were
collected in a standardized, comprehensive way, and the data are recent (<10 years old), so they
describe recent distribution patterns in the WDA and surrounding areas. However, these
surveys covered a fairly small area relative to the Northwest Atlantic distribution of most marine
bird species, and the limited number of surveys conducted in each season means that individual
observations (or lack of observations, for rare species) may in some cases carry substantial
weight in determining seasonal density scores. These visual aerial surveys also produced
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“unidentified” observations (e.g., “unidentified gull” or “unidentified medium tern”) which were
excluded from this species‐specific analysis. With the exception of terns, there were relatively
few unidentified observations for most species groups, so our assumption is that this had a
limited influence on results for most taxa. In the case of terns, Common Terns (Sterna hirundo)
and Roseate Terns (Sterna dougalli) were not often differentiated from one another in the
MassCEC surveys, so species‐specific patterns were not derived from the data set, and these
species are thus represented in the exposure analysis via the regional MDAT model results.
The MDAT model outputs, in contrast, are based on data collected at much larger geographic
and temporal scales. These data were also collected using a range of survey methods. The larger
geographic scale is helpful for determining the importance of the WDA to marine birds relative
to other available locations in the northwestern Atlantic, and is thus essential for determining
overall exposure. However, these models are based on long‐term survey data sets and long‐
term climatological averages for dynamic covariates, and given changing climate conditions,
may no longer accurately reflect current distribution patterns. Model outputs that incorporate
environmental covariates to predict distributions across a broad spatial scale may also vary in
the accuracy of those predictions at a local scale.
Because each data set is largely complementary and of strong scientific value, we have used
both data sets and weighted them equally in analysis. In many cases, the suggested relative
densities predicted by the MDAT and MassCEC data sets are not substantially different from
each other, which increases our confidence in the resulting exposure assessment. In a few cases,
the two data sets differ substantially in their suggested relative densities for the WDA; for
example, the MDAT results suggest high relative densities of wintering Common Eiders
((Somateria mollissima) in the WDA but zero Common Eiders were observed in three winters of
MassCEC surveys. Given the high quality nature of both data sources, we generally view these
discrepancies as a product of temporal variation in species distribution from daily to yearly
timeframes, which may result from changing habitat use, random chance, or other covariates.
Thus, we think the combination of the data sets is particularly important in these cases such that
historical evidence is balanced with newer, local data. Therefore, our final exposure assessment
score is between both extremes and represents a holistic view of exposure risk for these
species.

Exposure Mapping
A three‐part map was developed for each species‐season combination that includes both the
MDAT and MassCEC data and uses the BOEM lease block system to summarize survey data over
the region around the MDA. The first map panel (A) presents the MassCEC data as proportions
of total effort‐corrected counts. The number of animals detected in each lease block was
divided by the survey area to calculate effort‐corrected counts. Then, for each BOEM lease block
or partial lease block, we calculated the proportion of all effort‐corrected counts in the surveyed
area that were located in that lease block (across all surveys in a given season). We used six
quantiles to rank the lease block proportion values from low to high. Blocks with zero counts
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were always the lowest, and blocks with observations were divided into five equal quantiles.
This method was useful as it scaled all density data from 0‐1 to standardize data among species.
Note that areas within the BOEM lease blocks within the WEC without density data represent
areas where data collection did not occur; therefore, density estimates were not calculated.
The next two map panels (B and C) include data from MDAT models presented at different
scales; Panel B shows the modeled densities in the same area as the MassCEC surveys, while
Panel C shows the density output over the entire Northwest Atlantic. Density data are scaled in
a similar way to the MassCEC data, so that the low‐high designation for density is similar for
both data sets. However, there are no true zeroes in the model outputs, and thus no special
category for them in the MDAT data. Additionally, while the color scale for the MDAT data is
approximately matched to that used for the MassCEC data, the values that underlie them are
different (the MDAT data are symbolized using an ArcMap default color scale, which uses
standard deviations from the mean to determine the color scale rather than quantiles).

Exposure Assessment
We chose two metrics to evaluate exposure after evaluating multiple metrics for sensitivity,
distribution of values across species/seasons, and ability to accurately describe observed
patterns of species’ behavior and habitat use. These metrics were relative effort‐correct count
density at both the local and regional scales, which we chose for the final analysis based on their
relative simplicity and ability to address variance and spatial autocorrelation in the data sets.
To assess exposure at the local and regional scales, we compared the WDA to other similarly‐
sized areas in each data set for each season and species. Using the MDAT data, we divided the
predicted seasonal density surface for a given species into a series of rectangles that were
approximately the same size as the WDA, and calculated the mean density estimate for all lease
blocks in each of the rectangles. This process compiled a data set of density estimates across the
entire surveyed range of the species for areas the same size as the WDA. We calculated the
25th, 50th, and 75th weighted quantiles of this data set, and identified the quantile into which
the density estimate for the WDA fell for a given species and season combination. Quantiles
were weighted by using the proportion of the total density across the entire study area that
each sample represented. Thus, quantile breaks represent proportions of the total seabird
density rather than proportions of the raw data. These reduces the impact skewed
distributions—commonly achieved through high spatial clustering in species distributions—have
on quantile assignment. A categorical score was assigned to the WDA for each season/species: 0
(insignificant) was assigned when the density estimate for the WDA was in the bottom 25%, 1
(low) when the area was between 25% and 50%, 2 (medium) when the area was between 50%
and 75%, and 3 (high) when the WDA was in the top quartile (>75%).
A similar process was used to categorize each species‐season combination using the MassCEC
data set. We calculated the mean relative density for the WDA (an area composed of 11 lease
blocks). To compare the WDA to other similarly sized locations, we identified the nearest 10
lease blocks to each lease block surveyed in each season (winter, n=162; spring, n=166; summer,
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n=171; and fall, n=175), created a new 11 block WDA‐sized area around that block, then
calculated the relative density of this WDA‐sized area. This process compiled a data set of
relative densities for all possible WDA‐sized areas within the MassCEC study and used this data
set to assign scores to all species‐season combinations, based on the same quartile categories
described for the MDAT models above.
Once we calculated the weighted quantiles of each of the areas, we then went through a multi‐
stage process to determine a final exposure category for each species (Figure 1). A more
detailed description follows, but this process follows these general steps:
1. Sum the local and regional seasonal weighted quartile scores (both ranging from 0‐3) to
determine the seasonal exposure assessment. The combined score is used to assign an
assessment category of insignificant, low, medium, and high for that season.
2. To determine annual exposure, the four seasonal exposure scores (ranging from 0‐3 to
match the four exposure assessment categories) are summed. A new scale is used to
classify annual exposure assessment in four categories: insignificant, low, medium, and
high.
3. Finally, species are assigned to their relative taxonomic group (e.g., White‐Winged
Scoters as seaducks) and the range and average of the species’ annual exposure scores
are used to describe the exposure risk for the taxonomic group.
While decisions are often made at the scale of the species group, the goal of this assessment
was to provide a clear and repeatable process for how we described risk at this taxonomic scale.
Thus, we provide all season and annual species exposure scores in this appendix and all data
sets are publicly accessible.
Seasonal Exposure Assessment
To determine the seasonal exposure risk for a given species in the WDA compared to all other
areas, we added the MDAT weighted quartile score and MassCEC weighted quartile score
together to create a final exposure metric that ranged from 0 to 6. We chose to equally weight
density information at both spatial scales, and thus account for both the local and regional
importance of the WDA to a given species during a given season. However, if a species‐season
combination was not available for the MDAT regional assessment, then the score from the local
assessment (MassCEC study) was accepted as the best available information for that taxon‐
season, and it was scaled to range from 0 to 6 (e.g., essentially doubled to match the final
combined score). If MassCEC data were not available for a particular species‐season
combination, then we categorized that species‐season combination as insignificant and scored it
a 0.
The combined seasonal exposure score was categorized as insignificant (a combined score of 0),
low (combined score of 1‐2), medium (combined score of 3‐4) or high (combined score of 5‐6;
Table 1). In general terms, species‐season combinations labeled as “Insignificant” had low
densities at both the local and regional scales. “Low” exposure was assessed for species with
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below‐average densities at both spatial scales, or above‐average density at one of the two scales
and low density at the other scale. “Medium” exposure describes several different combinations
of densities; one or both scales must be at least above‐average density, but this category can
also include species‐season combinations where density was high for one scale and low for
another. “High” exposure is when both scales are high density, or one is high and the other is
above average. While multiple local and regional score combination exist for each exposure
category, any single combination can only be found in one exposure category.
Creating Annual and Multi‐species Scores
We aggregated the seasonal scores into annual scores for each species and taxonomic group
(Table 2). We grouped all species into the appropriate taxonomic group (e.g., Herring Gull in
‘Gulls and Jaegers’; Black Scoter in ‘Seaducks’; etc.) as defined in the Construction and
Operations Plan (“COP”). To understand the total exposure risk across the annual cycle for each
species, we summed all the seasonal scores to obtain an annual score. After the combined
seasonal exposure score was recategorized into four categories (insignificant, low, medium, and
high) these categories were given a score from 0‐3 (with insignificant scored as 0, low scored as
1, medium scored as 2, and high scored as 3). We then summed the seasonal scores across all
four seasons to calculate the annual exposure score. These annual exposure scores (ranging
from 0‐12), were mapped to exposure risk categories of insignificant (scores of 0‐2), low (3‐5),
medium (6‐8), and high (9‐12). The annual rating for a species does not indicate potential
seasonal variation in exposure between seasons, but rather represents the integrated risk
relative to season distribution of the species across the entire annual cycle. We summarized
annual scores by species and taxonomic group (by taking the mean of all annual species scores
within that group) to compare relative risk (Table 2).
For each taxonomic group, the number of species in every season/exposure group combination
is shown in Table 3, which indicates the degree of species‐ and season‐level variance in these
metrics. To describe the range of annual exposure for each taxonomic group, we used the
minimum and maximum annual exposure scores for species within the taxonomic group (see
Species Impact Table in main text). These ranges vary among taxonomic groups; for example,
exposure for the species in the ‘Gulls and Jaegers’ group range from Insignificant to Medium
whereas both tern species have insignificant annual exposure scores. These ranges indicate the
variance in exposure category across the species within each taxonomic group.

Interpreting Exposure Scores
Seasonal exposure scores should be interpreted as a measure of the relative importance of the
WDA for a species/group, as compared to other surveyed areas in the region and in the
northwest Atlantic. It does not indicate the absolute number of individuals likely to be exposed.
Rather, the exposure score is our attempt to provide regional and population‐level context for
each taxon. As such, annual scores are a summation of these seasonal scores with each season
weighted equally; thus, these scores should be viewed as the relative importance of the WDA
for a species/group aggregated across an entire annual cycle.
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A high exposure score indicates that the observed and predicted densities of the taxon in the
WDA were high relative to densities of that taxon in other surveyed areas. Conversely, a low or
insignificant exposure score means that the taxon was predicted to occur at lower densities in
the WDA than in other locations. Insignificant exposure scores have densities that are
substantially lower than the mean scores for the region, but animals with exposure risk
classified as such may still be present in the WDA because the evaluation is relative to the total
count density in the study area, common species may receive an “insignificant” exposure score
even if there are still substantial numbers of individuals in the WDA, so long as their predicted
densities outside the WDA are much higher.
As an example, a larger total number of wintering Northern Gannets (Morus bassanus) may be
exposed to the WDA than wintering Dovekies (Alle alle). Northern Gannets are predicted to
occur at higher densities than Dovekies in the WDA, using both the MDAT and MassCEC data
sets (Table 4). However, the density of Northern Gannets in the WDA is quite low (below the
25th weighted percentile for both data sets) relative to areas outside the WDA, so wintering
gannets received a final exposure score of “insignificant”. For Dovekies, even though the WDA
densities are much lower, the areas outside the WDA also have lower densities; and MassCEC
dataset suggests a higher regional importance of the WDA—in the top weighted quartile. Thus,
wintering Dovekies received a final exposure score of “medium”.
To provide additional context to the exposure scores, we provided estimates of count density
for each species from the MassCEC data (Table 4). Uncommon animals with few detections in
the WDA may be somewhat over‐rated for exposure using this method, while common animals
with relatively few detections in the WDA may be effectively under‐rated in terms of total
exposure to the project. So density estimates per survey kilometer are presented to provide
context for the exposure scores.
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Table 1. Definitions of exposure levels developed for the COP for each species and season. The
seasonal scores column represents the exposure scores from the local MassCEC data and the
regional MDAT that are associated with the written definition (with the local score first and the
regional score second).
Exposure Score

Definition

Insignificant
Low

WDA densities at both local and regional scales are below the 25th percentile.
WDA local and/or regional density is between the 25th and 50th percentiles.

Seasonal
Scores
0, 0
1, 1

OR

Medium

WDA local density is between the 50th and 75th percentiles and regional density
is below the 25th percentile, or vice versa.
WDA local or regional density is between the 50th and 75th percentiles.

2, 0
2, 2

OR
WDA local density is between the 50th and 75th percentiles and regional density
between the 25th and 50th percentiles, or vice versa.

2, 1

OR
WDA local density is greater than the 75th percentile and regional density is
below the 25th percentile, or vice versa.

3, 0

OR

High

WDA local density is greater than the 75th percentile of all densities and
regional density is between the 25th and 50th percentiles of all densities (or vice
versa).
WDA densities at both local and regional scales are above the 75th percentile.

3, 1
3, 3

OR
Local densities are greater than the 75th percentile and regional densities are
between the 50th and 75th percentiles, or vice versa.
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3, 2

Table 2. Annual exposure scores for all species in the MassCEC and MDAT data sets. Species are
organized by taxonomic group, and an average score for each group is also provided.

Taxonomic Group
Auks

Gannets and
Cormorants
Gulls, Skuas, and
Jaegers

Loons and Grebes

Seaducks

Shearwaters, Petrels,
and Storm‐Petrels

Annual
Species
Exposure
Score

Annual Species
Exposure
Category

Common Murre

1

Insignificant

Dovekie

2

Insignificant

Razorbill

4

Low

Double‐crested Cormorant

0

Northern Gannet

3

Black Kittiwake

3

Bonapart's Gull

3

Low

Great Black‐backed Gull

6

Medium

Herring Gull

6

Medium

Iceland Gull

0

Insignificant

Laughing Gull

2

Insignificant

Pomarine Jaeger

1

Insignificant

Common Loon

2

Insignificant

Red‐necked Grebe

0

Red‐throated Loon

0

Insignificant

Black Scoter

0

Insignificant

Common Eider

1

Insignificant

Long‐tailed Ducks

0

Insignificant

Red‐breasted Merganser

0

Insignificant

Surf Scoter

2

Insignificant

White‐winged Scoter

2

Insignificant

Cory's Shearwater

5

Greater Shearwater

1

Insignificant

Manx Shearwater

3

Low

Northern Fulmar

0

Insignificant

Sooty Shearwater

2

Insignificant

Wilson's Storm‐Petrel

2

Insignificant

Average Annual
Exposure Score for the
Taxonomic Group

Species

2.3

Insignificant
1.5

Low
Low

3.0

0.7

0.8

Insignificant

Low
2.2

Shorebirds

0.0

Red Phalarope

0

Insignificant

Terns

1.0

Common Tern

0

Insignificant

Roseate Tern

2
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Insignificant

Table 3. Number of species in each exposure category by season for each taxonomic group. (The
list of species included in each group is included in Table 2, above).
Taxonomic Group

Season

Exposure Category
Insignificant

Auks

Spring

Low
2

Summer

3

Fall

2

Winter
Gannets and Cormorants

Gulls, Skuas, and Jaegers

Loons and Grebes

Seaducks

Shearwaters, Petrels, and Storm‐Petrels

Shorebirds

Terns

Medium

High
1

1
2

1

Spring

1

1

Summer

1

1

Fall

1

1

Winter

2

Spring

4

2

Summer

4

1

1

Fall

3

1

3

Winter

5

1

1

Spring

3

Summer

2

Fall

3

Winter

2

1

Spring

5

1

Summer

6

Fall

5

1

Winter

3

3

5

1

Summer

1

1

Fall

5

1

Winter

6

Spring

1
1

Fall

1

Winter

1

Spring

1

Summer

2

Fall

1

Winter

2

9

1

1

Spring

Summer

1

1
1

2

2

Table 4. Average relative species densities (count/km2) by season and annually inside the WDA and over the entire MassCEC survey area.
Average counts/km2
Winter
Species
WDA
Auks
Common Murre
0.0072
Dovekie
0.029
Razorbill
6.23
Gannets and Cormorants
Double‐crested Cormorant
0
Northern Gannet
0.058
Gulls, Skuas, and Jaegers
Black‐legged Kittiwake
1.55
Bonaparte's Gull
0.036
Great Black‐backed Gull
0.036
Herring Gull
0.072
Iceland Gull
0
Laughing Gull
0
Pomarine Jaeger
0
Loons and Grebes
Common Loon
0.043
Red‐necked Grebe
0
Red‐throated Loon
0
Seaducks
Black Scoter
0
Common Eider
0
Long‐tailed Duck
0
Red‐breasted Merganser
0
Surf Scoter
0
White‐winged Scoter
0.0072
Shearwaters, Petrels, and Storm‐Petrels
Cory's Shearwater
0
Greater Shearwater
0
Manx Shearwater
0
Northern Fulmar
0.051
Sooty Shearwater
0
Wilson's Storm‐petrel
0
Shorebirds
Red Phalarope
0
Terns
Common Tern
0
Roseate Tern
0

Spring
Survey
area

Summer

Survey
area

WDA

Fall

Survey
area

WDA

Annual
Survey
area

WDA

Survey
area

WDA

0.0069
0.0048
1.78

0
0
1.1

0.0011
0.0024
1.28

0
0
0

0
0
0

0
0
0

0
0
0.0179

0.0012
0.0050
1.24

0.0015
0.0013
0.60

0
0.21

0
0.073

0
0.16

0
0.0072

0
0.0017

0
0.27

0.0025
0.38

0
0.11

0.0007
0.17

0.48
0.12
0.064
0.20
0
0
0

0
0.18
0
0.016
0
0
0

0.052
0.015
0.028
0.14
0
0
0

0
0
0.13
0.59
0
0
0

0
0
0.027
0.052
0
0.0003
0

0.063
0.0039
0.028
0.061
0
0.010
0

0.074
0.014
0.014
0.053
0
0.0009
0.0002

0.29
0.035
0.037
0.14
0
0.0033
0

0.13
0.03
0.029
0.085
0
0.0003
7.12E‐05

0.037
0
0.087

0.0081
0
0.041

0.029
0
0.11

0.0072
0
0

0.0014
0
0

0.016
0
0.0079

0.037
0
0.072

0.015
0
0.0087

0.026
0
0.056

0.045
0.018
1.64
0.0010
0.14
2.69

0
0
0.024
0
0
0

0
0.0048
3.49
0
0.029
8.42

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0.0039

0.015
0.0007
0.0012
0
0.012
0.41

0
0
0.0037
0
0
0.0025

0.013
0.005
0.98
0.0002
0.03
2.18

0.0003
0
0
0.12
0
0

0
0
0
0
0
0

0
0
0
0.017
0
0.0020

0.77
0.067
0.007
0
0.0072
0.46

0.35
0.058
0.0007
0
0.0007
0.14

0.27
0
0
0.051
0
0

0.13
0.041
0.0065
0.091
0.0002
0

0.22
0.012
0.0012
0.025
0.0013
0.080

0.10
0.025
0.0019
0.050
0.0002
0.028

0

0

0.024

0

0

0

0.0003

0

0.0043

0
0

0
0

0
0

0
0

0.013
0.0003

0
0

0.0066
0

0
0

0.0043
6.72E‐05
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Figure 1. An influence diagram that describes the process of exposure score assessment from
local and regional scales to the taxonomic group. Boxes represent nodes where we assessed a
species or species group for exposure risk and arrows indicate transitions where data were
combined together. The numerical ranges in the methods section represent the range of values
each risk calculation has at each step in the process.
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Figure 1. Spring Black Kittiwake density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
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regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 10. Summer Bonaparte’s Gull density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 11. Fall Bonaparte’s Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 12. Winter Bonaparte’s Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 13. Spring Common Eider density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 14. Summer Common Eider density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 15. Fall Common Eider density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 16. Winter Common Eider density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 17. Spring Common Loon density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 18. Summer Common Loon density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 19. Fall Common Loon density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 20. Winter Common Loon density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 21. Spring Common Murre density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 22. Summer Common Murre density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 23. Fall Common Murre density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 24. Winter Common Murre density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 25. Spring Cory’s Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 26. Summer Cory’s Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 27. Fall Cory’s Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 28. Winter Cory’s Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 29. Spring Common Tern density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.

50

Figure 30. Summer Common Tern density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 31. Fall Common Tern density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 32. Winter Common Tern density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 33. Spring Double‐crested Cormorant density proportions in the MassCEC data (A) and the MDAT data at
local (B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites
within the season for each data source.
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Figure 34. Summer Double‐crested Cormorant density proportions in the MassCEC data (A) and the MDAT data at
local (B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites
within the season for each data source.
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Figure 35. Fall Double‐crested Cormorant density proportions in the MassCEC data (A) and the MDAT data at local
(B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within
the season for each data source.
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Figure 36. Winter Double‐crested Cormorant density proportions in the MassCEC data (A) and the MDAT data at
local (B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites
within the season for each data source.
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Figure 37. Spring Dovekie density proportions in the MassCEC data (A) and the MDAT data at local (B) and regional
scales (C). The scale for all figures is representative of relative spatial variation in the sites within the season for
each data source.
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Figure 38. Summer Dovekie density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 39. Fall Dovekie density proportions in the MassCEC data (A) and the MDAT data at local (B) and regional
scales (C). The scale for all figures is representative of relative spatial variation in the sites within the season for
each data source.
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Figure 40. Winter Dovekie density proportions in the MassCEC data (A) and the MDAT data at local (B) and regional
scales (C). The scale for all figures is representative of relative spatial variation in the sites within the season for
each data source.
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Figure 41. Spring Great Black‐backed Gull density proportions in the MassCEC data (A) and the MDAT data at local
(B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within
the season for each data source.
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Figure 42. Summer Great Black‐backed Gull density proportions in the MassCEC data (A) and the MDAT data at
local (B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites
within the season for each data source.
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Figure 43. Fall Great Black‐backed Gull density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 44. Winter Great Black‐backed Gull density proportions in the MassCEC data (A) and the MDAT data at local
(B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within
the season for each data source.
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Figure 45. Spring Greater Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 46. Summer Greater Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 47. Fall Greater Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 48. Winter Greater Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 49. Spring Herring Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 50. Summer Herring Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 51. Fall Herring Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and regional
scales (C). The scale for all figures is representative of relative spatial variation in the sites within the season for
each data source.
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Figure 52. Winter Herring Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 53. Spring Iceland Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 54. Summer Iceland Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 55. Fall Iceland Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and regional
scales (C). The scale for all figures is representative of relative spatial variation in the sites within the season for
each data source.
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Figure 56. Winter Iceland Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 57. Spring Laughing Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 58. Summer Laughing Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 59. Fall Laughing Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.

80

Figure 60. Winter Laughing Gull density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 61. Spring Long‐tailed Duck density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 62. Summer Long‐tailed Duck density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 63. Fall Long‐tailed Duck density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 64. Winter Long‐tailed Duck density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 65. Spring Manx Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 66. Summer Manx Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 67. Fall Manx Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 68. Winter Manx Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 69. Spring Northern Fulmar density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 70. Summer Northern Fulmar density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 71. Fall Northern Fulmar density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 72. Winter Northern Fulmar density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 73. Spring Northern Gannet density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 74. Summer Northern Gannet density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 75. Fall Northern Gannet density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 76. Winter Northern Gannet density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 77. Spring Pomarine Jaeger density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 78. Summer Pomarine Jaeger density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 79. Fall Pomarine Jaeger density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 80. Winter Pomarine Jaeger density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 81. Spring Razorbill density proportions in the MassCEC data (A) and the MDAT data at local (B) and regional
scales (C). The scale for all figures is representative of relative spatial variation in the sites within the season for
each data source.
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Figure 82. Summer Razorbill density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 83. Fall Razorbill density proportions in the MassCEC data (A) and the MDAT data at local (B) and regional
scales (C). The scale for all figures is representative of relative spatial variation in the sites within the season for
each data source.
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Figure 84. Winter Razorbill density proportions in the MassCEC data (A) and the MDAT data at local (B) and regional
scales (C). The scale for all figures is representative of relative spatial variation in the sites within the season for
each data source.
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Figure 85. Spring Red‐breasted Merganser density proportions in the MassCEC data (A) and the MDAT data at local
(B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within
the season for each data source.
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Figure 86. Summer Red‐breasted Merganser density proportions in the MassCEC data (A) and the MDAT data at
local (B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites
within the season for each data source.
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Figure 87. Fall Red‐breasted Merganser density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 88. Winter Red‐breasted Merganser density proportions in the MassCEC data (A) and the MDAT data at local
(B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within
the season for each data source.
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Figure 89. Spring Red Phalarope density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 90. Summer Red Phalarope density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 91. Fall Red Phalarope density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 92. Winter Red Phalarope density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 93. Spring Red‐necked Grebe density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 94. Summer Red‐necked Grebe density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 95. Fall Red‐necked Grebe density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 96. Winter Red‐necked Grebe density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 97. Spring Roseate Tern density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 98. Summer Roseate Tern density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 99. Fall Roseate Tern density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 100. Winter Roseate Tern density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 101. Spring Red‐throated Loon density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 102. Summer Red‐throated Loon density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 103. Fall Red‐throated Loon density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.

124

Figure 104. Winter Red‐throated Loon density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 105. Spring Sooty Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.

126

Figure 106. Summer Sooty Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 107. Fall Sooty Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 108. Spring Sooty Shearwater density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 109. Spring Surf Scoter density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 110. Summer Surf Scoter density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 111. Fall Surf Scoter density proportions in the MassCEC data (A) and the MDAT data at local (B) and regional
scales (C). The scale for all figures is representative of relative spatial variation in the sites within the season for
each data source.
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Figure 112. Winter Surf Scoter density proportions in the MassCEC data (A) and the MDAT data at local (B) and
regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 113. Spring Wilson’s Storm‐petrel density proportions in the MassCEC data (A) and the MDAT data at local
(B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within
the season for each data source.
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Figure 114. Summer Wilson’s Storm‐petrel density proportions in the MassCEC data (A) and the MDAT data at local
(B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within
the season for each data source.
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Figure 115. Fall Wilson’s Storm‐petrel density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 116. Winter Wilson’s Storm‐petrel density proportions in the MassCEC data (A) and the MDAT data at local
(B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within
the season for each data source.
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Figure 117. Spring White‐winged Scoter density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 118. Summer White‐winged Scoter density proportions in the MassCEC data (A) and the MDAT data at local
(B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within
the season for each data source.
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Figure 119. Fall White‐winged Scoter density proportions in the MassCEC data (A) and the MDAT data at local (B)
and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within the
season for each data source.
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Figure 120. Winter White‐winged Scoter density proportions in the MassCEC data (A) and the MDAT data at local
(B) and regional scales (C). The scale for all figures is representative of relative spatial variation in the sites within
the season for each data source.

141

Appendix III-D
Benthic Habitat Monitoring Plan

Vineyard Wind Project
Benthic Habitat Monitoring Plan

Prepared for:
Vineyard Wind LLC
700 Pleasant Street, Suite 510
New Bedford, MA 02740

Prepared by:
Geo SubSea LLC
RPS
Epsilon Associates, Inc.

December 2017

TABLE OF CONTENTS

VOLUME III-D
1.0
2.0
3.0

4.0
5.0

BENTHIC HABITAT MONITORING PLAN
1
Introduction
1
Program Schedule
1
Monitoring Methodologies
1
3.1
Benthic Grab Sampling and Analysis
2
3.2
SPI Acquisition and Processing
3
3.3
High Resolution Multibeam Depth Sounding and Video Survey
4
Site Locations and Survey/Sampling Configurations
5
References
9

List of Figures
Figure D-1.

Figure D-2
Figure D-3

2016 benthic grab samples collected in the WDA (black diamonds) and 2017 grab
samples acquired in the ECCs (green squares). Underwater video transects crossing
the ECCs are also presented (blue dots).
6
2013 and 2104 benthic video survey locations conducted by SMAST for research
studies in the Massachusetts Wind Energy Area (green dots).
7
Schematic of survey and sampling layout in a monitoring site.
8

List of Tables
Table 3-1
Table 4-1

Summary of Methods That May Be Integrated Into The Monitoring Plan
2
Summary of Five General Areas And Associated Control Sites That Will Be
Addressed By The Monitoring Plan
7

4903/Vineyard Wind/COP
Benthic Habitat Monitoring Plan

D-i

Appendix III-D
Epsilon Associates, Inc.

VOLUME III-D
1.0

BENTHIC HABITAT MONITORING PLAN

Introduction
Vineyard Wind LLC (Vineyard Wind) will implement a benthic monitoring plan to
document habitat and benthic community disturbance and recovery as a result of
construction and installation (1) within the Inter-array Cable Corridors in the Wind
Development Area (WDA), (2) next to Wind Turbine Generator (WTG) scour
protection in the WDA, and (3) in the Export Cable Corridors (ECCs). A seafloor
habitat and benthic community monitoring program will be undertaken to measure
potential impacts and the recovery of the benthos comparable to controls outside the
areas of construction activity.

2.0

Program Schedule
A pre-construction baseline survey will be conducted in all the monitoring and
control sites prior to any construction activities to identify and document the natural
background conditions at each site.
Post-construction monitoring surveys are planned for years one, three, and, five after
completion of construction. Following the year 3 monitoring survey, an assessment
of recovery will be made such that if the benthos has largely returned to its original
state, the year five monitoring will not be conducted. A benthic ecologist will be
contracted prior to initiation of the survey program in order to develop the metrics
necessary to make this decision. Program updates will be shared with the appropriate
federal and state agencies throughout the monitoring study.

3.0

Monitoring Methodologies
Table 3-1 summarizes the methods that may be integrated into the monitoring plan.
Further details on these techniques are discussed in the following sections.
It is important to note, the type and quantity of monitoring may vary slightly
dependent upon the substrate present and oceanographic conditions in each of the
sites. A decision on survey/sampling methodologies and program design will be
finalized with the benthic ecologist prior to the start of the program.
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Table 3-1

Summary of Methods That May Be Integrated Into The Monitoring Plan

Monitoring System

Focus Area

Purpose

Grab sampler and/or

Surface and Subsurface;

Identify surface and subsurface organisms

SPI camera

epifaunal, infaunal

and features. Provides specific organism-

organisms and structures

level evidence concerning habitat recovery.

Multibeam depth

Surface; seafloor

Pre- and post- changes in bottom

sounder

morphology

morphology and micro-relief, changes in the
seabed scar over time. Data can show the
detailed topographic differences in the
seafloor between successive mappings.

Underwater video

Surface; benthic

Identify gross habitat changes pre- and post-

habitats, epifaunal

as well as during the recovery process.

organisms

Documents epifaunal activity for
comparison between mappings.

3.1

Benthic Grab Sampling and Analysis

An industry standard benthic/sediment grab sampler (e.g. Van Veen, Day, Ponar) may
be employed to retrieve sediments from the seabed for analysis. These sampling
devices recover material from the seabed by using lever arms to force two halves of
a metal bucket closed after the unit has been lowered to the bottom. Material from
the upper 10-20 cm of the seabed are then raised to the deck of the vessel for
photographs and subsampling.
If a grab sampler is used, two or more subsamples of the same specified volume (to
the extent possible) will be removed from the grab for sieving and lab analysis.
Subsample volumes will be documented in a field logsheet along with other sediment
and benthic descriptors. This information supports estimates of species abundance
values and ensures all data and results are comparable.
After the grab samples are collected, they will be processed onboard, passed through
a 0.5-mm sieve and fixed in 10% neutral buffered formalin. Rose Bengal can be added
in the field or in the lab. Once delivered to the lab and prior to being sorted, the
sample material will be emptied in its entirety into a 0.5-mm mesh sieve. Tap water
will then be gently run over the sieve to rinse away the formalin fixative and any
additional fine sediment that is not removed during the initial sieving process. Rinsed
samples will be preserved in 70% ethanol. Each sample will then be sorted to remove
benthic organisms from residual debris.
Samples will be sorted in their entirety under a high-power dissecting microscope (up
to 90X magnification). All sorted organisms will then be identified by a qualified
taxonomist to the lowest practicable taxonomic level using a dissecting microscope
4903/Vineyard Wind/COP
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with magnification up to 90X and readily available taxonomic keys. Identification of
slide-mounted organisms will be conducted under a compound microscope with
magnification up to 1,000X. Enumerations of macroinvertebrates will be made and
species abundances from each sample will be standardized to number of individuals
per square meter, considering the sampling equipment dimensions and sub-sampling
effort.
To describe existing conditions and compare pre- and post- construction, measures
of benthic macrofaunal diversity, abundance, and community composition will be
made for each sampling site. . Changes in community structure will be determined
using multidimensional scaling plots to compare pre-and post-construction species
compositions. Results can be presented as tabular data and plots annually in order to
track recovery status and progress.

3.2

SPI Acquisition and Processing

A sediment profile imaging (SPI) camera is another option for obtaining detailed
information on the benthos to support the planned monitoring program. The profile
camera is a high resolution digital camera mounted vertically on top of a prism and
aimed straight down at a mirror that is oriented at a 45° angle to the clear face plate.
The system acts like an upside down periscope and takes photographs as the prism
penetrates to take cross sectional images of the sediment-water interface and upper
20-30 cm of the seabed. The sediment is simply pushed aside slightly during the prism
penetration. The system is mounted on a sturdy metal frame to which a second plan
view camera is attached for acquiring still images of the surface prior to the profile
imaging.
The digital images are then processed and analyzed to assess the physical and
biological condition of the benthos. Repeated measurements at the same stations over
a period of time allow comparison of the benthic environmental quality.
Some of the information that can be obtained from this method include:
♦ Major sediment grain sizes and range
♦ General sediment compaction and consolidation based on prism penetration
♦ Sediment-water interface boundary roughness, morphology
♦ Presence of epifuana and other biological features
♦ Depth to the apparent RPD (Redox Potential Discontinuity)
♦ Degree of bioturbation, presence of infaunal organisms
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♦ Presence of subsurface structures
♦ Calculation of the Organism-Sediment Index
♦ Determination of infaunal successional stage
If the SPI is used, a suite of images, analysis results, and reports would be developed
for each station during each monitoring period. Data comparisons will be performed
between different stations for each monitoring program as well as a direct comparison
of each post-construction monitoring survey to the pre-construction background
conditions.
The SPI method provides additional and slightly different seabed information than the
standard lab analysis of benthic samples from sediment grabs. It could be used
effectively to monitor benthic disturbance gradients within each monitoring event and
between successive monitoring programs to assess the recovery of the benthos over
the long term from the installation of linear transmission cables or pipelines.

3.3

High Resolution Multibeam Depth Sounding and Video Survey

Vineyard Wind will conduct high resolution multibeam depth sounding and video
surveillance within the designated monitoring sites. Seabed surface mapping to
centimeter level resolution will be done using a multibeam depth sounding system to
allow detailed comparisons of bottom morphology and detection of minute changes
between successive mappings. An underwater camera system or ROV will be utilized
to record continuous video imagery along pre-planned transects. A USBL (ultra-short
baseline system; underwater acoustic positioning) tracking system will be used to
accurately position the camera/ROV on the seabed.
Pre- and post-construction video and digital terrain maps will be analyzed and
compared to track changes in seabed morphology within the monitoring sites. A
marine biologist/benthic specialist with past experience conducting this analysis will
review these data, and at a minimum the following observations will be made:
♦ Presence and general characterization of the substrate (three dimensional
features and regularity);
♦ Presence and general characterization of epibenthic invertebrates (e.g. lobster
and crabs);
♦ Presence and general characteristics of shellfish (e.g. clams, scallops);
♦ Evidence of burrowing activity;
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♦ Presence and general characterization of benthic and nektonic habitats
observed;
♦ Location and changes in surface features.
Results will be documented in the form of high resolution DTM (digital terrain model)
surfaces of the seabed and difference maps between mappings. Still images of the
video footage will be captured of discrete objects or obvious changes in the substrate.
Findings will be summarized in a technical report with a supporting series of
charts/figures for each monitoring program documenting results from all survey
methodologies performed and comparisons with previous surveys.

4.0

Site Locations and Survey/Sampling Configurations
Existing benthic grab samples collected in the WDA in 2016 and earlier, and along
the ECCs in 2017, in addition to seabed information from the underwater video and
sonar mappings (Figures D-1 and D-2), will be used to help determine and position
suitable monitoring sites along the final planned cable alignments. A total of five
monitoring sites will be selected from different bottom types present in the WDA and
ECCs for comparative analyses. These sites and three control/reference sites with
comparable physical and environmental characteristics will be monitored.
Table 4-1 below summarizes the five general areas and associated control sites that
will be addressed by the monitoring plan. Monitoring Site #1 will be positioned at
the edge of a WTG scour protection and designed to address the impact of that
material placement on adjacent benthic habitats in the WDA. Monitoring Sites #2-5
will cover locations along the inter-array and export cable routes, representative of
the different benthic conditions that exist along the alignments. A control site for the
mobile sand layer habitat is not believed necessary due to the high sediment turnover
rate and rapidly changing seafloor which will make it difficult to generate comparable
datasets. The sand wave areas have also been identified as the least productive habitat
present. For more information on habitats and the classification thereof, refer to
Section 5 and Appendix H of the Volume II-A report (CR Environmental, 2017; ESS
Group, 2017; Normandeau, 2017).
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Figure D-1.

2016 benthic grab samples collected in the WDA (black diamonds)
and 2017 grab samples acquired in the ECCs (green squares).
Underwater video transects crossing the ECCs are also presented (blue
dots).
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Figure D-2

Table 4-1

2013 and 2104 benthic video survey locations conducted by SMAST
for research studies in the Massachusetts Wind Energy Area (green
dots).

Summary Of Five General Areas And Associated Control Sites That Will Be
Addressed By The Monitoring Plan

Site #

Location

General Habitat

WTG location in the WDA (edge of

Flat sand-mud habitat, deeper water offshore

Monitoring Sites
1

scour protection)
2

Inter-array cable corridor in the WDA

Flat sand-mud habitat, deeper water offshore

3

Export cable corridor in Muskeget

Pebble-cobble with sponge, hard bottom

Channel area

habitat

Export cable corridor west or east of

Mobile sand layer habitat

4

Horseshoe Shoal
5

Export cable corridor in shallower

Shell aggregate habitat

water approaching the Cape Cod
landfall
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Table 4-1

Summary Of Five General Areas And Associated Control Sites That Will Be
Addressed By The Monitoring Plan (Continued)

Site #

Location

General Habitat

Control/Reference Sites
6

Inter-array cable corridor and WTG

Flat sand-mud habitat; this site can serve as

location in the WDA

control for the cables and WTGs in the
offshore area

7
8

Export cable corridor in Muskeget

Pebble-cobble with sponge (hard bottom)

Channel area

habitat

Export cable corridor along approach

Shell aggregate habitat

to Cape Cod landfall

Figure D-3 is a schematic of the proposed surveying and sampling strategy to be utilized for
each successive mapping of the sites. Proposed individual site dimensions are 800 m in length
by 100 m wide to ensure coverage of the area of impact. Multibeam depth sounding coverage
will be obtained within each site boundary (light green shading), continuous underwater
video coverage will be recorded on four transects along and across the cable route (blue
lines), and a series of benthic grab samples and/or SPI stations will be oriented along and
across the as-built cable (red squares). This sampling and mapping configuration is designed
to document the benthic variability in and around the zone of disturbance in each monitoring
site.

Figure D-3

Schematic of survey and sampling layout in a monitoring site.
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INTRODUCTION
Vineyard Wind’s Fisheries Communication Plan (FCP) is a result of over one hundred meetings
with fishermen potentially affected by the development of offshore wind projects as well as
feedback on previous versions of the plan from fishermen, fishing organizations, and regulatory
agencies. The FCP is a living document that will continue to be updated throughout permitting,
installation, and operation of the Vineyard Wind project. If you would like to receive updated
versions of this FCP when they become available or have any feedback on this version, please
send an email to fisheries@vineyardwind.com.
OBJECTIVE
The purpose of this Fishery Communication Plan is to define outreach and engagement to
potentially affected fishing groups during development, construction, operation and final
decommissioning of the project, with five main objectives:
1. Enhance the safety of all who work on the ocean in the wind farm, cable corridors, and
landfall sites;
2. Seek stakeholder concerns and strive for open, transparent resolution;
3. Quantify and avoid or mitigate adverse impacts on fisheries.
4. Understand, as fully as possible, historic, current and potential fisheries in the affected
areas.
5. Identify gaps in information relating to fish and fisheries to inform research and
monitoring strategies.
STRATEGY
The foundation for achieving these objectives will be to build on Vineyard Wind’s existing
relationships with the fishing communities, cultivated since 2010, to continuously work towards
trusted and mutually respectful lines of communications with the diverse fishing communities of
the region. Regular and open consultation is primary in ensuring all parties are well informed
and can work towards the shared objective of coexisting and thriving fisheries and offshore wind
industries in the region.
This fishery communication plan is based on best practice guidance and feedback from the
fishing industry through feedback and consultation. Best practice guidance includes but is not
limited to:
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Guidelines for Information Requirements for a Renewable Energy Construction and
Operation Plan, Attachment A – Version 3.0: April 7, 2016;
Development of Mitigation Measures to Address Potential Use Conflicts between
Commercial Wind Energy Lessees/Grantees and Commercial Fishermen on the Atlantic
Outer Continental Shelf, BOEM 2014 – 654
Fishing and Submarine Cables Working Together – International Cable Protection
Committee, February 2009, Second Edition

VINEYARD WIND LEASE AREA AND PROJECT
The Vineyard Wind Lease area (Figure 1) is part of the Massachusetts Wind Energy Area (WEA)
which was selected by the Bureau of Ocean Energy Management (BOEM) after 6 years of review
and public input by stakeholders and agencies to address environmental and socioeconomic
concerns that began in 2010. In December of 2017, Vineyard Wind submitted to BOEM a
Construction and Operations Plan (COP) for a proposed 800MW offshore wind project to be
located in the northeastern end of Vineyard Wind’s lease area. This submittal initiated the
formal federal permitting process, and a petition to the Massachusetts Energy Facilities Siting
Board, also submitted in December 2017, initiated the state permitting process. The proposed
turbine locations and export cable routes for the project are shown in Figures 2 and 3
respectively. Buried inter‐array cables will be used to connect each of the wind turbines to an
Electric Service Platform (ESP). An example of the inter‐array cable layout is shown in Figure 4.
Additional project components that may be of interest to fishermen such as scour protection
and foundation designs (both monopile and jacket) can be found at
www.vineyardwind.com/fisheries. It is important to note that the project is permitting the
‘maximum design scenario’ and that representation of project components, including number of
turbines, size of scour protection, etc., represents the maximum possible impact and what is
eventually approved and constructed may be smaller.

VINEYARD WIND INITIATIVES
Vineyard Wind takes the concerns of the fishing community seriously and understands that while
the conversations between stakeholders is not always easy, it is necessary. Furthermore, we
acknowledge those in the fishing community that prefer not to see, or interact with, offshore
wind projects and we greatly appreciate the willingness of those folks to communicate with us
nonetheless. We understand the time it takes to meet with us or attend working groups is
potentially time away from fishing.
Some of the key initiatives from Vineyard Wind include:


Engaging a fisheries representative in 2010 (prior to BOEM issuing guidelines
recommending use of fisheries representatives).
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Providing thumb drive electronic charts, showing our lease area and areas of offshore
survey work to area fishermen.
Including Loran navigation lines to project charts to facilitate orientation for users of the
area as well as discussion of fishing activities in the area.
Orienting the wind turbines in a regular grid pattern to allow for navigable uninterrupted
travel in multiple directions (to avoid ‘zig‐zagging’).
AIS will be installed on all wind turbines and Electric Service Platforms (ESP) to improve
navigation and safety.
Cables will be buried whenever possible given ground conditions and the use of cable
protection methods (such as mattresses) will be minimized to the greatest extent
possible.
Cable burial techniques will be selected to minimize suspended sediments during
construction.
Communication will, at all times, continue to be Vineyard Wind’s highest priority when it
comes to fisheries stakeholders.
Extensive outreach during offshore survey work including flyers, emails, newspaper ads,
and meetings.

FISHERIES COMMUNICATION TEAM
Vineyard Wind’s fisheries communication is conducted through several roles including Fisheries
Liaisons (FLs) and Fisheries Representatives (FR). The FR is intended to represent a particular
fishery industry, organization, gear type, port or region, or sector(s) to the project,
communicating concerns, issues and other input for the life of the project, from development
and pre‐construction through decommissioning. Typically, the FR is an active fisherman, or
group representing active fishermen, within the region, fishery, or sector they represent.
While FRs are compensated for their time and expenses by the project, their duty is to the
fishing region, industry, organization, gear‐type, or sector they represent. There is likely to be
more than one FR inputting to the project at any time, given the diverse nature of the fisheries in
the project area. FRs are solicited through a fair and equitable process by the Fishery Liaison(s)
who ensures these individuals adequately represent their respective industry, gear type, port or
region and interests and have the support of the fisheries stakeholders they represent.
The FL facilitates the work of the FRs by serving as a knowledgeable point of contact to which the
FRs can efficiently and effectively communicate. The FL also serves to communicate on behalf of
the project out to the fisheries sectors directly, and with the FRs. The FL communicates across
fishery communities and regions in order to educate and disseminate vital information regarding
the project to fishermen, and receive input back to the project. The FL works to validate
fisheries information through cross‐referencing among data sources.
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The FL will seek to develop relationships and direct lines of communication with individuals that
are representative of all potentially impacted fishing regions, industries and interests, identify
and engage new FRs, confirm appropriate identification of potentially affected fisheries, develop
communication methods and tools. The FL will also work with the FRs and scientists to develop
measures to reduce potential impacts to fisheries prior to construction (before any impacts may
occur), and develop resources and potential methods to monitor effectiveness of
communications. The FL will be responsible for implementing this plan, and updating at least
annually or as needed.
The FL and the FR will also report progress to BOEM. The frequency of these reports will vary
over the course of the project. We anticipate up until offshore construction begins progress
reports would be submitted at least once every year.
At this time, as described below, Vineyard Wind is recruiting a Fisheries Liaison. Currently,
Rachel Pachter of Vineyard Wind, and Erik Peckar of Vineyard Power Cooperative (Vineyard
Wind’s community partner) are Vineyard Wind FLs. Nate Mayo, Vineyard Wind, serves as the
Fisheries Liaison specifically for scallopers and shellfish farmers in Lewis Bay. Their contact
information, which is provided below, is posted on Vineyard Wind’s website.

FL #1 Name:
Phone:
Email:

Rachel Pachter
508‐640‐5136
Rpachter@vineyardwind.com

FL #2 Name:
Phone:
Email:

Erik Peckar
508‐693‐3002
erik@vineyardpower.com

Lewis Bay FL: Nate Mayo
Phone:
617‐840‐4045
Email:
nmayo@vineyardwind.com
A full job description for the FL is included as Attachment I.

Fisheries Representative (FR)
Jim Kendall was Vineyard Wind’s first FR, serving during 2010‐2012 for the purpose of receiving
input in early site evaluation. Mr. Kendall was engaged again starting in 2016, when Vineyard
Wind began first conducting offshore geological surveys and continues to serve as an FR for the
project. Jim’s work has proven highly effective, validating the concept of this plan. Jim
Kendall’s biographical summary is provided in Attachment 2, and it is anticipated that he will
continue with the project in this role. His contact information, which is provided below, is
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posted on Vineyard Wind’s website. The FR contact information provided in this plan and on
Vineyard Wind’s website will be updated as needed.
FR Name:
Phone:
Email:

Jim Kendall
508‐287‐2010
nbsc@comcast.net

A full job description for the FR is included as Attachment 3.
Vineyard Wind is currently seeking a full‐time FL now that the permitting process has begun. In
addition to hiring a full‐time FL, Vineyard Wind continuously seeks additional fisheries
representatives to provide regular input to the project development work.
In addition to the official FR roles, several organizations and working groups provide direct
access to fishermen and have been helpful in disseminating information and providing feedback
throughout the development of the project. These include, but are not limited to:
New Bedford Harbor Development Commission
Massachusetts Fisheries Working Group
Rhode Island Fisheries Advisory Board
Massachusetts Department of Marine Fisheries
Rhode Island Department of Environmental Management
Other organizations that would like to be provided direct information for dissemination to
fishermen should email us at fisheries@vineyardwind.com.
The various methodologies currently used and planned to be continued during the development,
construction, and operation of the wind farm are shown in Attachment 4. The FL and FR’s will
work together to devise a methodology for assessing the effectiveness of the outreach. The
methodology and results will be reviewed at least annually.
FISHERIES RESEARCH
Vineyard Wind has entered into a letter of intent with the New Bedford based UMass School for
Marine Sciences and Technology (SMAST) to design pre/during/post construction study or
studies of the project. As part of this agreement with SMAST, Vineyard Wind has requested that
SMAST actively engage with the fishing industry to identify research questions that would be
most useful to study. Any data collected and reports resulting from these studies will be made
public through our website and this plan will be updated to reflect progress of these studies. As
offshore construction is anticipated to begin in 2021, pre‐construction studies are expected to
start in 2018.
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FEEDBACK
Vineyard Wind recognizes that local fishermen have geographical, biological and nautical
knowledge as mariners in the region. Continued participation will allow for the regular flow of
communication in order to best inform and let fishermen know what to expect as the wind
energy project progresses. Vineyard Wind invites fishermen to share with the project team of
the best ways to communicate under various circumstances, such as notifications about
temporary closures or other messages that may need to be communicated during construction
and operation.
Vineyard Wind is also seeking fishing data (VMS historic information, seasonal catch/gear
information, fisherman contact and vessel details) and other information that can help with
decisions about some aspects of design, construction and operation of the wind energy project
infrastructure and construction timing, to reduce conflict with fishing during the development
and life of the project.

PROJECT SITING, DESIGN, NAVIGATION & ACCESS
In order to avoid conflicts with fishermen, Vineyard Wind has met with over 100 fishery
stakeholders including fishermen from various gear types, fishing advocacy organizations,
regulatory agencies, and local fisheries groups who are most likely to be affected by offshore
wind development in our lease area and potential submarine cable route for input regarding
access by fishermen. We have worked with the fishing industry and implemented feedback
regarding vessel traffic into our wind turbine layout design. Vineyard Wind has also worked
with, and will continue to work with, the fishing community to determine the configuration of
the submarine cabling and foundation locations/design relative to known fishing and/or transit
locations. Once the project is under construction Vineyard Wind will provide detailed guidelines
on safe navigation within and through the project site during construction and operations.
Communication protocols and procedures for emergencies will be developed as part of this
communication plan and shared with the fishing industry.
Prior to construction and in consultation with the FR and local state and federal agencies,
Vineyard Wind will develop a detailed publicly available schedule in order to reduce conflicts
with fishing activities. Vineyard Wind will work with the FRs to determine a mutually workable
update schedule, which will be maintained and updated as changes occur during the
construction period.
The schedule will include, as necessary, methods such as alternating construction sites or
schedules to minimize impacts to fishermen and other Outer Continental Shelf (OCS) user
groups. It is recognized that different gear types, species, and fishing communities (recreational
and commercial) may have different and sometimes conflicting seasonal needs. In such cases,
Vineyard Wind will work with all impacted fishing communities to identify a construction
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schedule that minimizes impacts to all or most users, to the extent possible, and that avoids or
minimizes conflict among user groups.
Vineyard Wind is not authorized to exclude any fisheries operations from the project area, nor is
it Vineyard Wind’s intent to do so. For the purpose of safe construction, and in coordination
with the US Coast Guard, vessel operations of all types may be excluded in very limited areas for
short periods; this is typical of any offshore construction work.
Vineyard Wind will also evaluate scour and sedimentation potential through a modeling effort.
Vineyard Wind will consider opportunities to maximize fisheries value through design of tower
bases and installation of scour protection material such that the design results in improved
quality of fisheries habitat.
Vineyard Wind will also work with local fishermen on cable route planning and installation
techniques to ensure proper burial depths and minimize interactions with fishing gear. Vineyard
Wind will adhere to the most current technical methods for minimizing electromagnetic fields.
Vineyard Wind will investigate any impacts to dock access, fuel access and other activities that
might interfere with fishing operations. A marine coordinator will be employed during project
construction to ensure good communication and avoid use conflicts.
FINANCIAL COMPENSATION
Vineyard Wind will consider measures that generate beneficial impacts to the fishing industry to
offset adverse impacts to affected fishing communities. Vineyard Wind will also develop
procedures for handling compensation to fishermen for potential gear loss and the loss or
reduction of income to fishermen impacted by the lessee. The level of financial support would
require detailed discussions between the impacted fishing community and Vineyard Wind.
Vineyard Wind will also create a process for filing fishery compensation claims. Fishermen must
make any such request through the FL whose contact information can be found at
www.vineyardwind.com/fisheries. If fishermen are displaced at any phase during the
construction term, fishermen will be required to submit evidence of income and fishing
location(s) to Vineyard Wind to be compensated.
POTENTIALLY AFFECTED FISHERIES
Through our outreach and in conversations with over 100 fishery stakeholders we have
concluded that the following fisheries could be most affected during construction of the offshore
wind farm and the submarine cable through Nantucket Sound.




Ground fish/Bottom trawl mobile gear (squid/fluke/Atlantic mackerel)
Static gear fisheries (gill nets, traps/pots)
Recreational fishermen (large pelagics)
8



Shellfisheries in Lewis Bay

These groups will be prioritized during the implementation of this plan. Regular reviews will be
used to modify or confirm this prioritization, as needed.
SAFETY
An important objective of this plan is to use the project’s fisheries communications to enhance
safety of all those who work on the ocean in the project area through construction, operations
and decommissioning. Vineyard Wind’s Safety Management System (SMS) will outline clear
communication protocols and procedures for emergency events such as: collision of a vessel
with a turbine structure, gear entanglement, or damage to cabling by fishing activity,
catastrophic failure of a turbine or other event. Tower lighting will adhere to current US Coast
Guard, Federal Aviation Administration, and BOEM requirements. Safety planning will be further
elaborated in this plan as details become available and the SMS will be a publicly available
document and completed prior to the start of project construction.
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Attachment 1
Role & responsibilities of the FL include but are not limited to:



















The FL represents the project to fishermen, on behalf of Vineyard Wind, and is the
principal contact to the fishing community
The FL is not someone currently actively engaged in commercial fishing
During project pre‐construction development, the FL will communicate directly with FRs
via email, in person meetings and conference calls and will provide monthly written
reports to management on this outreach. Project management will provide feedback,
when necessary to ensure timely dissemination of information regarding all project
activities.
During project construction, the FL will have direct access to the project management
team in order to ensure updated project information is available to the fishing
community. It should be noted that changes may take place in real time during
construction. Vineyard Wind will endeavor to disseminate that information as quickly and
widely as possible either through our website or a 24‐hour phone line.
Refine and enhance this communications plan, given learning experiences and new
information received.
Ensure the project’s fisheries communication and communication strategy is effective
across all relevant fishing communities, organizations, sectors, regions/ports, seasons,
and gear types.
Establish a clear line of communication with entities from affected fishing regions to
ensure all states where the fishing industry could be impacted are well informed during
all phases of development and through decommissioning.
Maintain awareness of ongoing fishery management action development by the New
England and Mid‐Atlantic Fishery Management Councils and the Atlantic States Fisheries
Commission.
Help develop and refine communication materials in addition to communication plans to
ensure effective messaging.
Develop or recommend mitigation measures.
Provide a record of relevant project information and communications.
Participate in BOEM, MA Fishery Working Group Meetings
Maintain a fishery stakeholder database and contacts list for all identified fisheries
operating within the vicinity of the offshore development area and export cable corridor
throughout all stages of the project.
Investigate and follow‐up on complaints and concerns received from FRs.
The FL shall have a direct line of communication to the project company’s senior
management, through which to make recommendations for improvement and address
complaints, concerns, and other input received.
Pro‐actively make fisheries aware of upcoming efforts and activities related to the project
so as to facilitate shared use of the lease area.
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Be available to meet with fishermen representatives in person, via email or social media,
phone or radio.



Participate in weekly calls with the project team on conversations, activities, suggestions,
questions, and concerns from the fishing community about the project.



Coordinate and work with Fisheries Representatives, who are active fishermen and serve
to facilitate communications between the project and specific fisheries sectors. Identify
potential Fisheries Representatives.



Attend meetings with fisheries groups, regulators, non‐government organizations, policy
makers, contractors working on the project, and other offshore wind project developers
to best ensure shared use of the lease area and good, working relations among the
offshore wind industry, fisheries, government, and other stakeholders.
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Attachment 2

Vineyard Wind Fishery Representative ‐ Jim Kendall
Mr. Kendall is the Executive Director of New Bedford Seafood Consulting. He is a former scallop
fisherman and Executive Director of New Bedford Seafood Coalition with over 50 years of
experience in the fishing industry and with fisheries issues. Mr. Kendall was a member of a
research team for the Commercial Fisheries Research Foundation that focused on discard
mortality rates of Southern New England flatfish. Mr. Kendall has served as a New England
Fishery Management Council member for numerous terms. He has also served on the
Massachusetts Fisheries Recovery Commission, the New England Commercial Fishing Law
Enforcement Working Group, and is a founding member of the Massachusetts Fishermen’s
Partnership. Mr. Kendall was featured in the book A Doryman’s Reflection: A Fisherman’s Life.
Additionally, Mr. Kendall has been interviewed on WBSM radio and by the New Bedford
Standard Times, the Gloucester Times, and the Boston Globe on fisheries issues.
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Attachment 3
An individual or group’s time serving as the FR will be compensated by Vineyard Wind, but the
FR is considered to be independent, third party agent, serving the fisheries interests, not the
project’s interests. Role & responsibilities of FRs include but are not limited to:


Be available to meet with fellow fishermen in person, via email or social media, phone or
radio.



Pro‐actively make the project team aware of fisheries practices, upcoming efforts and
seasons, so as to facilitate shared use of the lease area.



Meet directly with the project team every quarter to help evaluate communication and
outreach efforts, and learn more about project plans.



Provide a monthly email report to the project team on conversations, activities,
suggestions, questions, and concerns from the fishing community about the project;
communicate with the project management in real time, if needed.



On occasion, Fisheries Representatives may be asked to serve as guides and points of
contact during a particular activity offshore. This may involve, for example, using their
own vessel as a guide or scout vessel to the survey vessels, helping to monitor for fishing
activities in the area of operation, and communicating with fishing vessels working in the
same area.



Communicate directly with FL for the purpose of effectively disseminating project
information to the FR’s constituency.
Disseminate project information to the fishermen who are based in or visit ports in
Massachusetts, Rhode Island, Connecticut, New Jersey and New York and may fish in the
Vineyard Wind lease area and cable route area(s).
Be available and accessible to their represented fishery.
Communicate to FL any potential conflicts regarding surveys and project development.
Assist FL to understand fishing activity in the Vineyard Wind lease area and the
submarine cable proposed to connect to Cape Cod (e.g. gear types, specific fisheries).
Work with FL to develop and refine fisheries communication plan(s).
Communication planning, identification of communication methods and frequency,
outreach meeting facilitation and support and other tasks, as needed, for engaging local
fishermen during all project phases to ensure effective messaging.
FR will meet directly with the FL and project management every quarter and evaluate
communication and outreach efforts and review quarterly outreach and mitigation
measures employed by Vineyard Wind
Maintain awareness of ongoing fishery management action development by the New
England and Mid‐Atlantic Fishery Management Councils and the Atlantic States Fisheries
Commission.
Develop or recommend mitigation measures.
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Documenting activities and making them publically available.
Participate in working group meetings, such as the Massachusetts Fisheries Working
Group, when appropriate for the fishery they represent.
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Attachment 4
Target Audience
Fishing sector, fishing
region, seasonal fisheries,
specific fishery gear types,
fishermen at sea, charter
fishermen, fishery ports





Principle Channels
Fishing Representatives
and Fishing Liaison
Other fishermen
Media – newspapers,
internet, e‐mail
subscriptions, fliers,
thumb‐drives
Fishing organizations,
alliances, partnerships,
commissions, coalitions,
councils,
councils/commission
staff, state agencies,
federal agencies, and
advocacy groups
Local elected officials
Friends and family
Employers



Same as above







Recreational fisherman,
recreational boaters

















Supporting Tactics
Access to information via
internet, e‐mail lists (state and
Vineyard Wind), social media
Industry specific publications
or e‐mails
24‐hour phone service for up
to date project info and
emergencies.
Project specific radio alerts to
fishermen at sea
FL contact info on website
Attending and speaking at
fishermen working group
meetings
Fishermen open house
information meetings.
FL/FR communication channels
Clear daily two‐way
communication channels
between fishery/fishermen
and project during
construction (contractors and
sub‐contractors)
Access to information via
Vineyard Wind’s website,
social media, and newsletters
Advertisements through
recreational fishing magazines
and websites
FL contact info on website
Attending and speaking at
fishermen working group
meetings
Fishermen open house
information meetings.
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APPENDIX III-F
1.0

ESSENTIAL FISH HABITAT ASSESSMENT

Introduction
Essential Fish Habitat (“EFH”) is defined as “those waters and substrate necessary to fish for
spawning, breeding, feeding, or growth to maturity” and is designated by National Oceanic
and Atmospheric Administration’s (“NOAA”) Fisheries and Regional Fishery Management
Councils (P.L. 104-297). Included in the Magnuson-Stevens Act in 1996, 16 U.S.C. ch. 38 §
1801 et seq., the primary goal of EFH is to identify and protect important fish habitat from
certain fishing practices and coastal and marine development. EFH is typically by assigned
by egg, larvae, juvenile and adult life stages and designated as waters or as substrates. NOAA
Fisheries defines waters and substrate as (50 C.F.R. § 600.10):
 Waters – Aquatic areas and their associated physical, chemical, and biological
properties that are used by fish and, where appropriate, may include aquatic areas
historically used by fish.
 Substrate – Sediments, hard bottoms, structures underlying the waters, and associated
biological communities.

2.0

Description of the Affected Environment
The Magnuson-Stevens Act requires federal agencies to consult on activities that may
adversely affect EFH designated in fishery management plans. Additionally, fishery
management councils identify Habitat Areas of Particular Concern (“HAPCs”) within fishery
management plans. HAPCs are discrete subsets of EFH that serve extremely important
ecological functions or are especially vulnerable to degradation. The EFH designations
described in this section correspond to those currently accepted and in place, not the new
Omnibus Essential Fish Habitat Amendment 2, which is under review (NEFMC, 2017). Upon
acceptance of the new amendment, changes may be made to EFH descriptions as needed.
Currently, there is no HAPC identified for any listed finfish species within the Project Area,
however, the new amendment to EFH designations, currently in review, proposes the
addition of HAPCs for juvenile Atlantic Cod (Gadus morhua) in coastal areas from Maine to
Rhode Island, and inshore waters around Cape Cod to Martha’s Vineyard and Nantucket
(NEFMC, 2017). The proposed HAPC for juvenile Cod would overlap with the Offshore
Export Cable Corridor (“OECC”), but not the Wind Development Area (“WDA”). In addition,
EFH designations which overlap with the Project Area are described for individual species
below.
Essential Fish Habitat is designated for 40 fish species within the WDA and OECC (see Table
2.1). Both substrate and water habitats are cited as EFH within both the WDA and OECC.
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Bottom habitats protected as EFH range from areas with substrates composed of cobble or
gravel, for juvenile Atlantic Cod, to areas with muddy and sandy substrates, for juvenile and
adult Winter Flounder (Pseudopleuronectes americanus). The importance of bottom habitat
varies between species and within life stages. Coarse substrate, such as gravel or cobble, is
considered EFH for the egg, larval, and juvenile life stages of many species because it provides
a place for fish to find food, hide from predators, and shelter from strong currents. Studies
have found that survivorship of juvenile Atlantic Cod was enhanced in areas with coarse
substrates (Lindholm et al., 2001). Alternatively, flatfish, such as Winter Flounder, prefer
sandy or muddy habitats where they can easily bury themselves to avoid predation or wait
for prey (Pereira et al., 1999).
Other bottom habitats, such as sand waves, are also important habitat for fish species and
provide structured habitat in sandy areas, where such habitat is typically void. Some evidence
suggests that complex habitat, such as sand waves, can enhance fish survival by providing
refuge from predators (Scharf et al., 2006).

.
In addition to hard substrate, benthic flora is also considered EFH for many fish species. In
the OECC, eelgrass beds may be present at Landfall Sites. Eelgrass is important habitat that
provides forage opportunities and refuge to fish and invertebrate species.
Water column or pelagic habitats protected as EFH range from surface waters (for Witch
Flounder [Glyptocephalus cynoglossus] eggs) to the entire water column (for juvenile and
adult Bluefin Tuna [Thunnus thynnus]), and demersal waters (for juvenile and adult Scup
[Stenotomus chrysops]). Although demersal fish species are strongly associated with bottom
substrates, many species have pelagic egg and larvae stages and use currents for dispersal of
the young life stages. Pelagic species reside within the water column during all life stages
and may occupy different strata based on that stage. For example, Atlantic Mackerel
(Scomber scombrus) eggs are free-floating and remain near the water surface, while larvae
are typically observed in mid-water column below 10 meters (“m”) (32.8 feet [“ft”]).
Daily, seasonal, and annual ocean current patterns and production regimes dictate the forage
and migratory behaviors of some pelagic species. Highly migratory pelagic fish, such as
Atlantic Albacore Tuna (Thunnus alalunga), are generally only observed in northern Atlantic
waters for two months, September and October, to take advantage of productive late
summer/early fall production. Additionally, as described in Volume II, the Nantucket Shoal
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Tidal Front is an important pelagic habitat feature and may overlap with the WDA. Frontal
zones, or areas where water masses converge through tidal forces, are particularly important
pelagic habitat as they are often important feeding locations where plankton concentrate.
EFH has been designated for the following species for one or more life stages in the WDA
and/or OECC (see Table 2-1).
Table 2-1

EFH Designated Species in Project Area
Eggs
Species

Larvae

Juveniles

Adults

WDA OECC WDA OECC WDA OECC WDA OECC

Atlantic Albacore Tuna (Thunnus alalonga)

-

-

Atlantic Butterfish (Peprilus triacanthus)

-

-

























Atlantic Cod (Gadus morhua)













Atlantic Mackerel (Scomber scombrus)

























Atlantic Sea Herring (Clupea harengus)
Atlantic Wolffish (Anarhichas lupus)

















Basking Shark (Cetorhinus maximus)

-

-

-

-

























Bluefin Tuna (Thunnus thynnus)









Bluefish (Pomatomus saltatrix)









A

Black Sea Bass (Centropristis striata)
Blue Shark (Prionace glauca)

-

-





Cobia (Rachycentron canadum)

















Common Thresher Shark (Alopias vulpinus) A

















Dusky Shark (Carcharhinus obscurus)

-

-

















Haddock (Melanogrammus aeglefinus)
King Mackerel (Scomberomorus cavalla)


A



















Little Skate (Leucoraja erinacea)

-

-

-

-









Longfin Inshore Squid (Loligo pealeii)





-

-







Monkfish (Lophius americanus)













-

-







-

-



Northern Shortfin Squid (Illex illecebrosu)
Ocean Pout (Macrozoarces americanus)





Ocean Quahog (Artica islandica)

-

-

Porbeagle Shark (Lamna nasus)



A











Sand Tiger Shark (Carcharias taurus)

-

-





Sandbar Shark (Carcharhinus plumbeus)

-

-
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Red Hake (Urophycis chuss)

Scup (Stenotomus chrysops)
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Table 2.1

EFH Designated Species in Project Area (Continued)
Eggs
Species

Larvae

Adults

WDA OECC WDA OECC WDA OECC WDA OECC

Skipjack Tuna (Katsuwonus pelami)









Shortfin Mako Shark (Isurus oxyrinchus) A

-

-



Spanish Mackerel (Scomberomorus maculatus) A

















Spiny Dogfish (Squalus acanthias)

-

-

-

-









Summer Flounder (Paralichthys dentatus)















Surf Clam (Spisula solidissima)

-

-

-

-







White Shark (Carcharodon carcharias) A

-

-













Whiting (Merluccius bilinearis)

















Windowpane Flounder (Scophthalmus aquosus)
















































Winter Flounder (Pseudopleuronectes

americanus)
Witch Flounder (Glyptocephalus cynoglossus)





Yellowfin Tuna (Thunnus albacares)
Yellowtail Flounder (Limanda ferruginea)
A

Juveniles











Indicates EFH designations are the same for all life stages or designations are not specified by life stage.

- Indicates EFH has not been designated for this life stage or the life stages are not relevant to that species life
cycle.

Atlantic Albacore Tuna (Thunnus alalonga)
EFH for Albacore Tuna is designated in the WDA and OECC for juvenile and adult life stages.
EFH for juvenile Albacore Tuna is designated as offshore the US east coast from Cape Cod to
Cape Hatteras. Juveniles migrate to northeastern Atlantic waters in the summer for feeding.
EFH for adult Albacore Tuna is designated in the Atlantic east coast from Cape Cod to Cape
Hatteras in waters more offshore than EFH for juveniles. Adults are commonly found in
northern Atlantic waters in September and October for feeding. Albacore Tuna are top
pelagic predators and opportunistic foragers (NMFS, 2009a).

Atlantic Butterfish (Peprilus triacanthus)
EFH for Atlantic Butterfish is designated in the WDA for larvae, juvenile, and adult life stages.
EFH for Butterfish larvae is designated as pelagic habitats in inshore estuaries and
embayments from Boston Harbor to Chesapeake Bay and over the continental shelf, from the
Gulf of Maine to Cape Hatteras. Butterfish larvae are common in high salinity and mixing
zones where bottom depths are between 41-350 m (134-1,148 ft). EFH for juvenile and adult
Butterfish is pelagic habitats in inshore estuaries and embayments from Massachusetts Bay to
Pamlico Sound on the inner and outer continental shelf from the Gulf of Maine to Cape
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Hatteras. Juvenile and adult Butterfish are generally found over sand, mud, and mixed
substrates in bottom depths between 10-280 m (33- 918 ft] (NOAA, 2007). Juvenile and adult
Butterfish feed primarily on planktonic prey though adults may eat squids and fishes as well
(Cross et al., 1999). Butterfish are found in the project area throughout the year and are
present in nearshore areas in the fall, and therefore may be impacted by cable installation
(NEFSC, n.d.).

Atlantic Cod (Gadus morhua)
EFH for Atlantic Cod is designated in the WDA and OECC for egg, larvae, juvenile, and adult
life stages. EFH for Atlantic Cod eggs is designated as surface waters from the Gulf of Maine
to southern New England. Cod eggs are found in the fall, winter, and spring in water depths
less than 110 m (361 ft). EFH for larval cod is pelagic waters (depths of 30-70 m [98-230 ft])
from the Gulf of Maine to southern New England and are primarily observed in the spring.
EFH for juvenile cod is designated as bottom habitats with substrates composed of cobble or
gravel from the Gulf of Maine to southern New England. EFH for adult cod is designated as
bottom habitats with substrates composed of rocks, pebbles, or gravel from the Gulf of Maine
to southern New England and the middle Atlantic south to Delaware Bay. Cod spawn
primarily in bottom habitats composed of sand, rocks, pebbles, or gravel during fall, winter,
and early spring (NOAA, 2007). Juvenile and adult cod are opportunistic foragers and
consume a wide variety of items including small crustaceans, benthic invertebrates, and fish
(Lough, 2004). Atlantic Cod were not included as the most dominant finfish species in the
Massachusetts Wind Energy Area (“MA WEA”), designated by BOEM, in any season per New
England Fisheries Science Center (“NEFSC”) bottom trawl surveys; however, they were
present in over 30% of the Region 2 (OECC) spring trawls conducted by Massachusetts
Department of Marine Fisheries.

Atlantic Mackerel (Scomber scombrus)
EFH for Atlantic Mackerel is designated in the WDA for the egg and larval life stages. EFH for
mackerel (egg and larval stages) is pelagic habitats in inshore estuaries and embayments from
Great Bay to Long Island, inshore and offshore waters of the Gulf of Maine, and on the
continental shelf from Georges Bank to Cape Hatteras (NOAA, 2007). Eggs float in the upper
10-15m (33-49 ft) of the water column while larvae can be found in depths ranging from 10130m (33-427 ft) (Studholme et al., 1999). EFH for juvenile Atlantic Mackerel is designated
in pelagic waters in the OECC. Depth preference of juvenile mackerel shifts seasonally as
they are generally found higher in the water column (20-50 m [66-164 ft]) in the fall and
summer, deeper (50-70 m[66-230 ft]) in the winter, and widely dispersed (30-90 m[98-295
ft]) in the spring (NEFSC, n.d.; Studholme et al., 1999). Juvenile mackerel feed on small
crustaceans, larval fish, and other pelagic species.
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Atlantic Sea Herring (Clupea harengus)
EFH for Atlantic Sea Herring is designated in the WDA and OECC areas for larvae, juvenile,
and adult life stages. EFH for larval Atlantic Herring is pelagic waters in the Gulf of Maine,
Georges Bank, and southern New England. Larvae are free-floating and generally observed
between August and April in areas with water depths from 50-90 m (164-295 ft). EFH for
juvenile and adult herring is pelagic and bottom habitats in the Gulf of Maine, Georges Bank,
and southern New England. Juvenile and adult herring are found in areas with water depths
from 20-130 m (66-427 ft). Herring opportunistically feed on zooplankton, with forage
species changing as herring size increases (Reid et al., 1999). Atlantic Herring were captured
in the NEFSC Multispecies Bottom Trawl Survey throughout the year within the WDA.

Atlantic Wolffish (Anarhichas lupus) *Species of Concern
EFH for Atlantic Wolffish is designated in the OECC for egg, larvae, juvenile, and adult life
stages. EFH for Wolffish eggs is bottom habitats over the continental shelf and slope within
the Gulf of Maine south to Cape Cod. Wolffish eggs are deposited in rocky substrates in brood
nests and are present throughout the year. EFH for Wolffish larvae is water from the surface
to the seafloor within the Gulf of Maine south to Cape Cod. EFH for juvenile and adult
Wolffish is bottom habitats of the continental shelf and slop within the Gulf of Maine south
to Cape Cod. The depth range for all life stages ranges from 40-240 m (131-787 ft). Spawning
is thought to occur in September and October. Wolffish utilize rocky habitats for shelter and
nesting and softer substrate habitats for feeding (NOAA, 2007). Although the diets of Wolffish
can vary, generally they feed on mollusks, crustaceans, and echinoderms (NMFS, 2009b).
Atlantic Wolffish is considered a Species of Concern because the stock is overexploited and
severely depleted. Wolffish biomass has shown a consistent downward trend since the 1980’s
and continues to decline because of capture as bycatch in the otter trawl fishery (NMFS,
2009b).

Basking Shark (Cetorhinus maximus) * Species of Concern
EFH for Atlantic Basking Shark is designated in the WDA and OECC for juvenile and adult
life stages. EFH for other life stages has not been identified because of insufficient information.
EFH for juvenile and adult basking sharks is designated in the Atlantic east coast from the
Gulf of Maine to the northern Outer Banks of North Carolina (NMFS, 2006). Basking Sharks
are generally observed in the northwestern and eastern Atlantic coastal regions from April to
October and are thought to follow zooplankton distributions (Sims et al., 2003). Aggregations
of basking sharks have been observed offshore of Cape Cod, Martha’s Vineyard, and Morishes
Inlet, Long Island (NOAA, 2016). Basking Sharks are considered a Species of Concern
because of interactions with vessels, being caught as bycatch, and low reproductive rates,
which leads to slow recovery (NMFS, 2011a).
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Black Sea Bass (Centropristis striata)
EFH for Black Sea Bass is designated in the WDA and OECC for juvenile and adult life stages.
EFH for juvenile and adult Black Sea Bass is demersal waters over the continental shelf from
the Gulf of Maine to Cape Hatteras (NOAA, 2007). Juveniles prey on benthic and epibenthic
crustaceans and small fish while adults tend to forage more generally for crustaceans, fish,
and squids. Adults are generally associated with structurally complex habitats. Juveniles and
adults are most commonly observed in the WDA and OECC in the spring and fall (Drohan et
al., 2007; MADMF, 2017; NEFSC, n.d.).

Blue Shark (Prionace glauca)
EFH for Blue Shark is designated in the WDA and OECC for neonate, juvenile, and adult life
stages. EFH for neonate Blue Shark is in areas offshore of Cape Cod through New Jersey
(NMFS, 2017). EFH for juvenile and adult Blue Sharks is waters from the southern part of the
Gulf of Maine to Cape Hatteras (Lent, 1999). Blue Sharks are highly migratory and observed
in New England from late May through October. Blue sharks feed primarily on small pelagic
fish and cephalopods (Nakano et al., 2008).

Bluefin Tuna (Thunnus thynnus) *Species of Concern
EFH for Bluefin Tuna is designated in the WDA and OECC for juvenile and adult life stages.
EFH for juvenile Bluefin Tuna is waters off Cape Cod to Cape Hatteras. EFH for adult Bluefin
Tuna is pelagic waters from the mid-coast of Maine to southern New England. Bluefin Tuna
inhabit northeastern waters to feed and move south to spawning grounds in the spring. Both
juveniles and adults exhibit opportunistic foraging behaviors and diets typically consist of
fish, jellyfish, and crustaceans (Atlantic Bluefin Tuna Status Review Team, 2011). Bluefin
Tuna is considered a Species of Concern because they support important recreation and
commercial fisheries and population size is unknown (NMFS, 2011a).

Bluefish (Pomatomus saltatrix)
EFH for Bluefish is designated in the WDA and OECC for juvenile and adult life stages. EFH
for juvenile and adult Bluefish is pelagic waters over the continental shelf from Cape Cod Bay
to Cape Hatteras (NOAA, 2007). Bluefish inhabit pelagic waters in and north of the Middle
Atlantic Bight for most of the year but make seasonal migrations south in the winter (Shepherd
& Packer, 2005). Bluefish opportunistically forage on regionally and seasonally abundant fish
species.

Cobia (Rachycentron canadum), Spanish Mackerel (Scomberomorus maculatus), King
Mackerel (Scomberomorus cavalla)
Cobia, Spanish Mackerel, and King Mackerel are categorized as coastal migratory pelagic fish
and have the same EFH designations. EFH for these three species is designated in the WDA
and OECC for egg, larvae, juvenile, and adult life stages. EFH for all life stages occurs in the
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South- and Mid- Atlantic Bights and includes sandy shoals of capes and offshore bars, high
profile rocky bottom and barrier island ocean-side waters, from the surf to the shelf break
zone; however, from the Gulf Stream shoreward, including Sargassum. For cobia, EFH also
includes high salinity bays, estuaries, seagrass habitats, and the Gulf Stream, which disperses
pelagic larvae. Although EFH is designated within the Project Area, these species prefer
warmer waters (above 18 °C [34°F]) and are not regularly present so far north (NOAA, 2014).

Common Thresher Shark (Alopias vulpinus)
EFH for Common Thresher Sharks is designated in the WDA and OECC for all life stages. EFH
for all life stages is coastal and pelagic waters from Cape Cod to North Carolina and in other
localized areas off the Atlantic coast. Common Thresher Sharks occur in coastal and oceanic
waters, but are more common within 64-80 kilometers (“km”) (40-50 miles [“mi”]) of shore.
Small pelagic fish and pelagic crustaceans make up much of Common Thresher Shark diet
(NMFS, 2006).

Dusky Shark (Carcharhinus obscurus) *Species of Concern
EFH for Dusky Sharks is designated in the WDA and OECC for neonate, juvenile, and adult
life stages. EFH for neonate Dusky Shark includes offshore areas of southern New England to
Cape Lookout (NMFS, 2017). EFH for juvenile and adult Dusky Sharks is waters over the
continental shelf from southern Cape Cod to Florida (NMFS, 2009a). Dusky Sharks migrate
to northern areas of their range in the summer and return south in the fall as water
temperatures decrease. Throughout their range, Dusky Sharks forage on bony fishes,
cartilaginous fishes, and squid (NMFS, 2011b). Dusky Shark is a Species of Concern because
the northwestern Atlantic/ Gulf of Mexico population is estimated to be at 15% to 20% of the
mid-1970s abundance (Cortes et al., 2006). Although commercial and recreation fishing is
prohibited, the main threat to the Dusky Shark population is from bycatch and illegal harvest.

Haddock (Melanogrammus aeglefinus)
EFH for Haddock is designated in the WDA for egg, larval, and adult life stages. Although
adult Haddock spawn near the sea floor, eggs are buoyant and suspend in the water column.
EFH for Haddock eggs is surface waters over Georges Bank southwest to Nantucket Shoals
and some coastal areas from Massachusetts Bay to Cape Cod Bay (NOAA, 2007). Adult
spawning generally occurs from February to May and eggs are observed from March through
May (Brodziak, 2005). EFH for Haddock larvae is surface waters from Georges Bank to
Delaware Bay and some coastal areas from Massachusetts Bay to Cape Cod Bay. Larvae can
be observed from January through July with peaks in April and May and feed on
phytoplankton, copepods, and invertebrate eggs. EFH for adult Haddock is bottom habitats
with substrates consisting of broken ground, pebbles, smooth hard sand, and smooth areas
between rocky patches on Georges Bank and around Nantucket Shoals. Adult Haddock are
demersal benthivores and primarily consume ophiuroids and amphipods (Brodziak, 2005;
NOAA, 2007). Haddock was one of the dominant species captured in the NEFSC
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Multispecies Bottom Trawl Surveys in spring, summer, and fall. Adult Haddock move offshore
into deeper waters in the winter, which may explain the lower capture rates during this season
(Brodziak, 2005; NEFSC, n.d.).

Little Skate (Leucoraja erinacea)
EFH for Little Skate is designated in the WDA and OECC for juvenile and adult life stages.
EFH is similar for both life stages and includes intertidal and sub-tidal benthic habitats in
coastal waters of the Gulf of Maine and in the mid-Atlantic region. EFH primarily occurs on
sand and gravel substrates, but also is found on mud (NEFMC, 2017).

Longfin Inshore Squid (Loligo pealeii)
EFH for Longfin Inshore Squid is designated in the WDA and OECC for egg, juvenile (prerecruit), and adult (recruit) life stages. EFH for Longfin Inshore Squid eggs is inshore and
offshore bottom habitats from Georges Bank to Cape Hatteras. Longfin Inshore Squids lay
eggs in masses that are demersal and anchored to various substrates and hard bottom types,
including, shells, lobster pots, fish traps, boulders, submerged aquatic vegetation, sand, and
mud (NOAA, 2007). EFH for juveniles and adults, also referred to as pre-recruits and recruits,
is pelagic habitats inshore and offshore continental shelf waters from Georges Bank to South
Carolina. Pre-recruits and recruits inhabit inshore areas in the spring and summer and migrate
to deeper, offshore areas in the fall to overwinter (NOAA, 2007). Forage base for longfin
inshore squid varies with individual size, where small squids feed on planktonic organisms
and large squids feed on crustaceans and small fish (Jacobson, 2005).

Monkfish (Lophius americanus)
EFH for Monkfish is designated in the WDA and OECC for egg, larval, juvenile, and adult life
stages. EFH for Monkfish eggs and larvae is surface and pelagic waters of the Gulf of Maine,
Georges Bank, southern New England, and the middle Atlantic south to Cape Hatteras.
Monkfish eggs float near the surface in veils that dissolve and release zooplanktonic larvae
after one to three weeks (MADMF, 2017). Monkfish eggs and larvae are generally observed
from March to September. EFH for demersal juvenile and adult monkfish is bottom habitats
composed of a sand-shell mix, algae covered rocks, hard sand, pebbly gravel, or mud along
the outer continental shelf in the middle Atlantic, mid-shelf off southern New England, and
all areas of the Gulf of Maine. EFH for adult monkfish also includes the outer perimeter of
Georges Bank (NOAA, 2007). Per the Southern New England Juvenile Fish Habitat Research
study, adult monkfish were present in the Lease Area from December through April and most
abundant in February and March (Siemann & Smolowitz, 2017). Larval monkfish feed on
zooplankton, juveniles feed on small fish, shrimp, and squid, and adult monkfish eat other
monkfish, crabs, lobsters, squid, and octopus (MADMF, 2017).
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Northern Shortfin Squid (Illex illecebrosus)
EFH for Northern Shortfin Squid is designated in the OECC for the adult life stage. EFH for
adult Northern Shortfin Squid is pelagic habitat on the continental shelf and slope from
Georges Bank to South Carolina and in inshore waters of the Gulf of Maine and southern
New England. Adult Northern Shortfin Squid primarily forage for fish, euphausiids, and
smaller squids (MAFMC and NOAA, 2011).

Ocean Pout (Macrozoarces americanus)
EFH for Ocean Pout is designated in the WDA and OECC for egg, larval, juvenile, and adult
life stages. All Ocean Pout life stages are demersal and therefore have similar EFH
designations. EFH for all life stages is bottom habitats in the Gulf of Maine, Georges Bank,
southern New England and the middle Atlantic south to Delaware Bay (NOAA, 2007). Ocean
Pout eggs are laid in masses on hard bottom surfaces and develop from late fall and winter.
Larvae are generally observed from late fall through spring. Juveniles and adults can be found
throughout the year, though they move and shift habitats seasonally to remain in preferred
temperature range (2-10°C or 36-50°C)(Steimle et al., 1999). Primary prey species shifts
depending on location, Ocean Pout near Nantucket Shoals target Jonah Crabs (Cancer
borealis), though sand dollars are also common in diets (Steimle et al., 1999).

Ocean Quahog (Artica islandica)
EFH for Ocean Quahog is designated in the WDA and OECC for all life stages. EFH for all
life stages is designated throughout the substrate, to a depth of 0.9 m (3 ft) below the
water/sediment interface from Georges Bank and the Gulf of Maine throughout the Atlantic
exclusive economic zone (“EEZ”) (NOAA, 2007). Ocean Quahogs feed on phytoplankton
and support the diet of invertebrate and fish predators, including sea stars, Ocean Pout,
Haddock, and Atlantic Cod (Cargnelli et al., 1999a).

Porbeagle Shark (Lamna nasus) *Species of Special Concern
EFH for Porbeagle Shark is combined for all life stages due to insufficient data on the
individual life stages and designated EFH overlaps with WDA. EFH for Porbeagle Shark
includes offshore and coastal waters of the Gulf of Maine (excluding Cape Cod and
Massachusetts Bay) and offshore waters from Georges Bank to New Jersey. Porbeagle Sharks
commonly inhabit deep, cold temperate waters and forage primarily on fish and cephalopod
species (NMFS, 2017). Porbeagle Shark is a Species of Special Concern due to massive
population declines caused by overfishing (NMFS, 2013).

Red Hake (Urophycis chuss)
EFH for Red Hake is designated in the WDA and OECC for all life stages. EFH for Red Hake
eggs and larvae is surface waters of the Gulf of Maine, Georges Bank, the continental shelf
off southern New England, and the middle Atlantic south to Cape Hatteras. Red Hake eggs
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are generally observed from May through November while larvae are commonly observed
from May through December. EFH for juvenile Red Hake is bottom habitats with a substrate
of shell fragments in the Gulf of Maine, on Georges Bank, the continental shelf off southern
New England, and the middle Atlantic south to Cape Hatteras (NOAA, 2007). Juvenile Red
Hake are pelagic and congregate around floating debris for a time before descending to the
bottom (Steimle, 1999). EFH for adult Red Hake is bottom habitats in depressions with sandy
or muddy substrates in the Gulf of Maine, on Georges Bank, the continental shelf off southern
New England, and the middle Atlantic south to Cape Hatteras. Although adult Red Hake are
generally demersal, they can be found in the water column (Steimle, 1999). Red Hake larvae
primarily consume copepods, juveniles prey upon small benthic and pelagic crustaceans, and
adults prey upon benthic and pelagic crustaceans, fish, and squid (Steimle, 1999).

Sand Tiger Shark (Carcharias taurus) *Species of Concern
EFH for Sand Tiger Shark is designated in the WDA and OECC for neonates and in the OECC
for juveniles (NMFS, 2017). EFH for Sand Tiger Shark neonates is along the Atlantic east coast
from Cape Cod to Northern Florida. Neonate Sand Tiger Sharks inhabit shallow coastal waters
within the 25m (82 ft) isobath (NMFS, 2006). EFH for juvenile Sand Tiger Sharks is designated
in habitats between Massachusetts and New York and between New Jersey and Florida
(NFMS, 2017). The Sand Tiger Shark is a Species of Concern because population levels are
estimated to be only 10% of pre-fishery conditions. Population declines were primarily
caused by historic overfishing while continued decline is due to capture as bycatch. Although
fishing is restricted for Sand Tiger Sharks, low fecundity has limited their ability to recover
(NMFS, 2010b).

Sandbar Shark (Carcharhinus plumbeus)
EFH for Sandbar Shark is designated in the WDA and OECC for the juvenile and adult life
stages. EFH for juvenile Sandbar Shark includes coastal areas of the Atlantic Ocean between
southern New England and Georgia (NMFS, 2017). EFH for adult Sandbar Sharks is coastal
areas from southern New England to Florida. Sandbar Sharks are a bottom-dwelling shark
species that primarily forages for small bony fishes and crustaceans (NMFS, 2009a).

Scup (Stenotomus chrysops)
EFH for Scup is designated in the WDA and OECC for juvenile and adult life stages. EFH for
juvenile and adult Scup are the inshore and offshore demersal waters over the continental
shelf from the Gulf of Maine to Cape Hatteras (NOAA, 2007). Juvenile Scup feed mainly on
polychaetes, epibenthic amphipods, and small crustaceans, mollusks, and fish eggs while
adults have a similar diet, they also feed on small squid, vegetable detritus, insect larvae, sand
dollars, and small fish (Steimle et al., 1999). Scup occupy inshore areas in the spring, summer,
and fall and migrate offshore to overwinter in warmer waters on the outer continental shelf
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(Steimle et al., 1999). Scup was a dominant finfish species captured in the NEFSC
Multispecies Bottom Trawl survey during spring, summer, and fall surveys and in the
Massachusetts Division of Marine Fisheries trawl surveys in the spring and fall.

Skipjack Tuna (Katsuwonus pelami)
EFH for Skipjack Tuna is designated in the WDA and OECC for juvenile and adult life stages.
EFH for juvenile and adult Skipjack Tuna is similar, and includes coastal and offshore habitats
between Massachusetts and South Carolina. Skipjack Tuna are opportunistic foragers that
feed primarily in surface waters, but have also been caught in longline fisheries at greater
depths (NMFS, 2017).

Shortfin Mako Shark (Isurus oxyrinchus)
EFH for Shortfin Mako Shark is designated in the WDA. EFH for all life stages is combined
and considered the same due to insufficient data needed to differentiate EFH by life stage.
EFH for Shortfin Mako Shark is coastal and offshore habitats from Cape Cod to Cape Lookout,
North Carolina and additional offshore areas in the Gulf of Maine, Florida, and Gulf of
Mexico. Shortfin Mako Shark feed on swordfish, tuna, other sharks, clupeids, crustaceans,
and cephalopods (NMFS, 2017).

Spiny Dogfish (Squalus acanthias)
EFH for Spiny Dogfish is designated in the WDA and OECC for juvenile and adult life stages.
EFH for juvenile and adult Spiny Dogfish is waters on the continental shelf from the Gulf of
Maine through Cape Hatteras (NOAA, 2007). Spiny Dogfish primarily feed on fish, squid,
and ctenophores which they detect through olfaction, vision, acoustics, and sensing electrical
fields. Spiny Dogfish are a dominant finfish species in the MA WEA throughout the year
(NEFSC, n.d.).

Summer Flounder (Paralichthys dentatus)
EFH for Summer Flounder is designated in the WDA and OECC for all life stages. EFH for
eggs and larvae is pelagic waters found over the continental shelf from the Gulf of Maine to
Cape Hatteras. Eggs are generally observed between October and May, while larvae are
found from September through February. EFH for juvenile and adult Summer Flounder is
demersal waters over the continental shelf from the Gulf of Maine to Cape Hatteras. In
addition to EFH designations, there is also HAPC designations throughout the region. HAPC
is designated as all native species of macroalgae, seagrasses, and freshwater and tidal
macrophytes in any size bed, as well as loose aggregations, within adult and juvenile summer
flounder EFH (NOAA, 2007). Juvenile Summer Flounder inhabit inshore areas such as salt
march creeks, seagrass beds, and mudflats in the spring, summer, and fall and move to deeper
waters offshore in the winter. Adults inhabit shallow coastal and estuarine areas during the
warmer seasons and migrate offshore during the winter (Packer et al., 1999). Summer
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Flounder are opportunistic feeders and diets generally correspond to prey availability in
relation to flounder size, with smaller individuals primarily consuming crustaceans and
polychaetes and larger individuals focusing more on fish prey (Packer et al., 1999).

Surfclam (Spisula solidissima)
EFH for Atlantic Surfclam is designated in the WDA and OECC for juvenile and adult life
stages. EFH for surfclams is throughout the substrate, to a depth of three feet below the water/
sediment interface, from the eastern edge of Georges Bank and the Gulf of Maine throughout
the Atlantic EEZ. Surfclams are generally located from the tidal zone to a depth of about 38
m (125 ft) (NOAA, 2007).

White Shark (Carcharodon carcharias)
EFH for White Shark is designated in the WDA and OECC for neonate, juvenile, and adult
life stages. EFH for neonates is inshore waters out to 105 km (65.2 mi) from Cape Cod to
New Jersey. EFH for juvenile and adult White Shark is combined and includes inshore waters
out to 105 km (65.2 mi) from Cape Ann, Massachusetts to Cape Canaveral (NMFS, 2017). As
neonates and juveniles below 300 centimeters (“cm”) (120 inches) total length, White Shark
primarily consume fish. Upon reaching lengths greater than 300 cm (120 inches), White
Sharks begin consuming primarily marine mammals (Estrada et al., 2006).

Whiting (Merluccius bilinearis)
EFH for Whiting, also known as Silver Hake, is designated in the WDA and OECC for egg,
larvae, juvenile, and adult life stages. EFH for the egg and larval stages is surface waters of
the Gulf of Maine, Georges Bank, the continental shelf off southern New England, and the
middle Atlantic south to Cape Hatteras. Whiting eggs and larvae are observed all year with
peaks in egg observations from June through October and peaks in larvae observations from
July through September. EFH for juvenile and adult life stages is bottom habitats of all
substrate types in the Gulf of Maine, Georges Bank, the continental shelf off southern New
England, and the middle Atlantic south to Cape Hatteras (NOAA, 2007). Whiting are
considered ravenous predators at all feeding life stages. Adults are semi-pelagic, nocturnal
predators and primarily feed on fish, crustaceans, and squid (Lock & Packer, 2004).

Windowpane Flounder (Scophthalmus aquosus)
EFH for Windowpane Flounder is designated in the WDA and OECC for eggs, larvae,
juvenile, and adult life stages. EFH for eggs is surface waters around the perimeter of the Gulf
of Maine, Georges Bank, southern New England, and the middle Atlantic south to Cape
Hatteras. Windowpane Flounder eggs are generally observed from February through
November. EFH for larvae is pelagic waters around the perimeter of the Gulf of Maine,
Georges Bank, southern New England, and the middle Atlantic south to Cape Hatteras. EFH
for juvenile and adult life stages is bottom habitats that consist of mud or fine-grained sand
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substrate around the perimeter of the Gulf of Maine, Georges Bank, southern New England,
and the middle Atlantic south to Cape Hatteras (NOAA, 2007). Juvenile and adult
Windowpane Flounder feed on small crustaceans, especially mysid and decapod shrimp, and
fish larvae (Chang et al., 1999).

Winter Flounder (Pseudopleuronectes americanus)
EFH for Winter Flounder is designated in the WDA and OECC for eggs, larvae, juvenile and
adult life stages. EFH for eggs is bottom habitats with sandy, muddy, mixed sand/mud, and
gravel substrates on Georges Bank, the inshore areas of the Gulf of Maine, southern New
England, and the middle Atlantic south to the Delaware Bay. Eggs are primarily observed
from February through June. EFH for larvae is pelagic and bottom waters in Georges Bank,
the inshore areas of the Gulf of Maine, southern New England, and the middle Atlantic south
to Delaware Bay. Larvae are generally observed from March through July. EFH for juvenile
and adult Winter Flounder is bottom habitats with muddy or sandy substrate in Georges Bank,
the inshore areas of the Gulf of Maine, southern New England, and the middle Atlantic south
to Delaware Bay. Winter flounder spawning occurs in the winter with peaks in February and
March (NOAA, 2007). Previous research has reported that Winter Flounder spawning is
confined to shallow inshore waters; however, a recent study conducted by the Coonamessett
Farm Foundation identified gravid and recently spent winter flounder females in the offshore
areas of southern New England, indicating that winter flounder spawning is not confined to
shallow inshore waters (Siemann & Smolowitz, 2017). Winter Flounder are considered
opportunistic feeders throughout each life stage and consume a wide range of prey. Adults
feed on bivalves, eggs, and fish, but shift diets based on prey availability (Pereira et al., 1999).

Witch Flounder (Glyptocephalus cynoglossus)
EFH for Witch Flounder is designated in the WDA for egg and larvae and in the OECC for
larvae life stages. EFH for eggs is surface waters of the Gulf of Maine, Georges Bank, the
continental shelf off southern New England, and the middle Atlantic south to Cape Hatteras.
EFH for larvae is surface waters to 250 m (820 ft) in the Gulf of Maine, Georges Bank, the
continental shelf off southern New England, and the middle Atlantic south to Cape Hatteras.
Witch Flounder eggs are generally observed from March through October while larvae are
observed from March through November (NOAA, 2007). Witch Flounder diets consist
primarily of polychaetes and crustaceans (Cargnelli et al., 1999b).

Yellowfin Tuna (Thunnus albacares)
EFH for Yellowfin Tuna is designated in the WDA and OECC for the juvenile life stage. EFH
for juveniles is in offshore waters from Cape Cod to the mid-east coast of Florida. Yellowfin
Tuna diets primarily consist of Sargassum or Sargassum-associated fauna (NMFS, 2009a).

4903/COP/Appendix III-F
Appendix II-F

F-14

Essential Fish Habitat Assessment
Epsilon Associates, Inc.

Yellowtail Flounder (Limanda ferruginea)
EFH for Yellowtail Flounder is designated in the WDA and OECC for egg, larvae, juvenile,
and adult life stages. EFH for eggs and larvae is surface waters of Georges Bank, Massachusetts
Bay, Cape Cod Bay, and the southern New England continental shelf south to Delaware Bay.
Eggs are most often observed from March through July and larvae are observed from May
through July. EFH for juvenile and adult Yellowtail Flounder is bottom habitats with sandy or
mixed sand and mud substrates on Georges Bank, the Gulf of Maine, and the southern New
England shelf south to Delaware Bay (NOAA, 2007). Yellowtail Flounder forage primarily for
benthic macrofaunal and diets largely consist of amphipods, polychaetes, and crustaceans
(Johnson et al., 1999).

3.0

Potential Impacts of the Project
The impact-producing factors for EFH are provided in Table 3-1 and will be discussed in more
detail in this section.

Table 3-1

Impact- producing Factors on Essential Fish Habitat

Impact-producing Factors
Pile driving for WTG and ESP
Foundations
Cable installation
Scour protection installation
Increased vessel traffic
Increased noise
Water Withdrawals
Dredging

3.1

Wind
Development
Area
X
X
X
X
X
X

Offshore
Export
Cable
Corridor

X
X
X
X
X

Construction
& Installation
X

Operations &
Maintenance

Decommissioning

X
X
X
X
X
X

X

X

X
X
X
X

X
X
X
X

Construction and Installation
3.1.1

Direct Habitat Loss and Alteration

Wind Development Area and Offshore Export Cable Corridor
As shown in Table 6.5-3 in Section 6.5 of Volume III, approximately 0.23 square kilometers
(“km2”) (57 acres) of EFH bottom habitat will be permanently altered by installation of Wind
Turbine Generator (“WTG”) and Electrical Service Platform (“ESP”) foundations and scour
protection, and approximately 0.26 km2 (64 acres) will be altered through the placement of
cable protection in the WDA. Installation of the inter-array and inter-link cables will result in
the temporary disturbance of roughly 0.58 km2 (143 acres) of bottom habitat, along with 0.28
km2 (70 acres) of temporary disturbance due to impacts from jack-up vessel legs. The total
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area of alteration within the WDA due to foundation and scour protection installation, jackup vessel use, inter-array and inter-link cable installation, and potential cable protection
installation is 1.36 km2 (335 acres), which is 0.4% of the entire WDA.
Cable installation along the OECC will result in the disturbance of approximately 0.45 km2
(112 acres) of habitat; dredging in limited areas prior to cable installation will impact an
additional 0.33 km2 (81 acres). The installation of cable protection (rock or concrete
mattresses, etc.) in areas where the cable did not achieve the target burial depth and is too
shallow will impact 0.20 km2 (50 acres) along the OECC.
EFH for demersal and benthic species in the WDA will be permanently altered from sandy,
soft bottom habitats to hard, structured habitats near the turbines. Hard structure EFH habitat,
such as gravel, along the OECC will also be permanently lost during cable installation as finer
sediments are expected to resettle over coarse substrates. Groundfish species (including
Winter, Yellowtail, and Windowpane Flounder, and Red Hake) and shellfish species
(including Surf Clam and Ocean Quahog) prefer soft sand or mud habitats. Other demersal
species, including Haddock, Atlantic Cod, Longfin Squid, Monkfish, and Ocean Pout, prefer
hard, structured habitats. Impacts to groundfish EFH would be greatest in the WDA, while
impacts to EFH for the other demersal species would be most severe in the OECC. The
addition of the hard structure habitat may also provide additional habitat for demersal species
that prefer these habitat types and would still act as EFH for these species.
Permanent habitat alteration from coarse to fine sediment along the OECC is expected when
installing cables over coarse pebble-cobble substrates, as finer, sandy substrates may resettle
over gravel once cable plowing or trenching is complete. Sediment dispersion modeling (see
Appendix III-A) indicated that deposition over 0.2 millimeter (“mm”) footprint stayed close to
the route centerline (within ~200 m). The integrity and function of hard bottom substrate in
the 0.2 mm or less deposition area will likely not be lost.
Portions of sand waves along the OECC will likely need to be dredged to allow for proper
cable burial. Although previous research suggests that sand waves provide important
structured habitat for fish and invertebrates, their presence also indicates that these habitats
are dynamic and change frequently.

3.1.2

Suspended Sediments and Water Withdrawals

Wind Development Area and Offshore Export Cable Corridor
The two greatest impacts to EFH within the water column are increased suspended sediments
and water withdrawals. Increased suspended sediments during construction and installation
in the WDA and OECC will temporarily impact water column EFH. As mentioned in Section
6.6.2 Finfish and Invertebrates, increases suspended sediment impairs the visual abilities of
fish and may result in increased susceptibility to predation and decreased foraging abilities.
Sublethal and lethal concentrations of suspended sediment differ by species and life stage.
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Previous research indicates that reductions in growth and mortality of the most sensitive
organisms can occur when concentrations above 100 milligrams per liter (“mg/L”) persist for
over 24 hours (Wilber & Clarke, 2001). Modeling of sediment and transport potential in the
WDA (see Appendix III-A) indicates that under typical cable installation methods, suspended
sediment concentrations of 1000 mg/L (maximum level) occur in <0.1 km2 (25 acres) for 60
minutes or less. Concentrations of suspended sediments (50 mg/L) extend up to 340 m (1,115
ft) from the inter-array cables. Plumes with lower concentrations (10 mg/L) extend up to 3.2
km (2 mi) from cables and are suspended for less than five hours. Concentrations of
suspended sediments are in the lower water column (i.e. bottom three meters [9.8 ft]).
Sediment dispersion modeling conducted along the OECC indicates that concentrations of
suspended sediments above 10 mg/L would occur within 200 m of the cable route. Plumes
of lower concentrations (10 mg/L or less) extend approximately one kilometer (0.6 mi) from
route and all plumes are were confined to the bottom three meters (9.8 ft) of the water
column.
Mortality of EFH species with pelagic or planktonic early life stages would occur during water
withdrawal, potentially from the cable laying vessel (i.e., jet plow or jetting). Assuming that
90% of the offshore cable system is installed at a rate of 200 m/hr (656 ft/hr), 10% of the
cable system is installed at a rate of 300 m/hr (984 ft/hr), and a jet plow uses 11,300 – 30,300
liters per minute (3000 – 8000 gallons per minute) of water, water withdrawal volumes are
expected to be approximately 1,700 – 4,540 million liters (450 – 1,200 million gallons).
Entrainment of early pelagic life stages via water withdrawals would result in 100% mortality
because of the stresses associated with being flushed through the pump system and
temperature changes (USDOE MMS, 2009).

3.1.3

Avoidance, Minimization, and Mitigation Measures

The Project Area is located in the MA WEA, designated by BOEM, and this area is less
sensitive to important fish and invertebrate habitat and therefore reduces impacts. Overall,
mitigation measures would be the same as discussed in Section 6.6.2 of Volume III and
include:
 Avoiding important habitats such as eelgrass and hard bottom sediments where
feasible.
 Using impact-minimizing technologies where practicable, such as horizontal
directional drilling (“HDD”) in nearshore areas, if sensitive resources are present.
 Implementing a soft start procedure to pile driving, which will reduce impacts to fish
by allowing fish to move out of the activity area.
 The WTGs will also be widely spaced, leaving a huge portion of the WDA
undisturbed by WTG and ESP installation.
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 Conducting pre- and post-construction fisheries monitoring as described in Section
6.6.

3.1.4

Summary

The impacts of construction and installation to EFH habitat in the Project Area include habitat
alteration of soft and flat to hard structured habitat around WTG and ESPs, deposition of fine
sediments over hard bottom habitats, and water withdrawals from construction vessels.
Overall impacts to EFH in the Project Area are anticipated to be short-term and localized.
Temporary impacts to EFH habitat would occur during all construction activities in the WDA
and OECC. The resettling of sediments is expected to fill in cable trenches but may also bury
or smother immobile benthic life stages or invertebrates. All habitat within the Project Area
is expected to remain the same, apart from the approximately 0.23 km2 (57 acres) that would
be converted into hard substrate from foundations and scour protection, the 0.47 km2 (115
acres) where cable protection would be installed in the WDA and along the OECC, and the
portion of hard bottom habitat that would be covered along the OECC.
Recovery of disturbed habitats is expected and previous research indicates that communities
begin to repopulate within a few months of disturbance (Dernie et al., 2003; Van Dalfsen &
Essink, 2001). Alteration of sand wave habitat will likely be temporary and will have little
impact on fish in the area, as they may be conditioned to a changing environment. In
addition, as explained in Section 6.6.2 Finfish and Invertebrate Resources, most mobile
pelagic and demersal fish will be able to avoid areas where habitat disturbance will occur
and mortality of these fish will be minimal. Sessile benthic organisms, such as Surf Clams,
and demersal egg or larval life stages will be unable to avoid construction and are likely to
be buried by associated habitat disturbance. No population level impacts are expected for
any of the species with EFH in the area as the Project Area is only a very small portion of
habitat in the region.

3.2

Operations and Maintenance
3.2.1

Habitat Loss and Alteration

Wind Development Area
The addition of structured habitat in the WDA would increase EFH for species that prefer
rocky substrate and minimally decrease EFH for species that prefer sandy bottoms. Previous
research on fish habitat utilization after wind farm installation observed that turbine structures
were large enough to attract and support new communities of rocky habitat fishes, but not
large enough to negatively impact fish communities that prefer sandy bottom areas between
the turbines (Stenberg et al., 2015).
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Offshore Export Cable Corridor
Recovery of the habitat along the OECC is expected; therefore, additional habitat alteration
would only occur during rare cable maintenance events. Procedures employed to repair
segments of the OECC are expected to be similar to cable installation activities. Impacts to
EFH would be similar to that explained above, and expected to include temporary destruction
of benthic and pelagic habitat, displacement of mobile juvenile and adult fish and
invertebrates, and injury or mortality to immobile or slower life stages or species.

3.2.2

Increased Noise

Wind Development Area and Offshore Export Cable Corridor
Operation of the WTG and increased vessel traffic in the Project Area will increase
underwater noise levels. Avoidance of areas around the WTG may occur, but is not expected
to significantly impact EFH as the WDA is only a small portion of available habitat in the area.

3.2.3

Electromagnetic Fields

Wind Development Area and Offshore Export Cable Corridor
Recent research investigating habitat use around energized cables found no evidence that
fish or invertebrates were attracted to or repelled by electromagnetic fields (“EMF”) emitted
by cables (Love et al., 2017). Cables will be buried at an approximate depth of two meters (6
ft) and EMF would be weak and only detected by benthic and demersal organisms. For more
information refer to Section 6.6, Finish and Benthic Resources, in Volume III of the COP.

3.2.4

Avoidance, Minimization, and Mitigation Measures

The mitigation measures and impact would be the same as discussed previously for
construction and installation.

3.3

Decommissioning
3.3.1

Overall Impacts

Wind Development Area and Offshore Export Cable Corridor
Decommissioning activities would include removal of WTG and ESP pile foundations and
cables within the WDA and OECC. These activities would be similar to those associated with
construction. Removal of the piles from the WDA would shift habitat type back to preconstruction conditions and likely result in a reversion of local finfish and invertebrate species
assemblages to non-structure communities. Cable removal will result in direct disturbance
of EFH along the path of the cables and will resuspend bottom sediments and impact
organisms temporarily.
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3.3.2

Avoidance, Minimization, and Mitigation Measures

The mitigation measures would be the same as discussed previously for construction and
installation.

4.0
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November 14, 2017
Brona Simon
State Archaeologist
State Historic Preservation Officer
Massachusetts Historical Commission
220 Morrissey Boulevard
Boston, Massachusetts 02125
Re: Vineyard Wind Upland Cabling Project
Barnstable, Yarmouth and Nantucket, Massachusetts
Archaeological Reconnaissance Survey
PAL #3384

Dear Ms. Simon:
Enclosed please find a Project Notification Form and application for a permit to conduct an archaeological
reconnaissance survey within the proposed Vineyard Wind Upland Cabling project area in Barnstable,
Yarmouth and Nantucket, Massachusetts. The project area is located on the New Bedford and Nantucket,
MA USGS quadrangles. Thank you in advance for your time and attention to this matter.
If you have any questions or concerns, please do not hesitate to contact Duncan Ritchie, Senior
Archaeologist, or me, at your convenience.
Sincerely,

Deborah C. Cox, RPA
President

Enclosure
cc: Eric Peckar, Vineyard Power (w/encl.)
Rachel Pachter, Vineyard Wind (w/encl.)
Brian Lever, Epsilon Associates, Inc. (w/encl.)

(Note: no surveys on Nantucket are planned. The reference to an upland route on Nantucket is an error.)
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APPENDIX A
MASSACHUSETTS HISTORICAL COMMISSION
220 MORRISSEY BOULEYARD
BOSTON, MASS 02125
617-727-8470, FAX: 617-727-5128
PROJECT NOTIFICATION FORM

Project Name:

Vineyard Wind Upland Cabling

Location I Address:

see Project Description below

City /Town:

Barnstable, Yarmouth and Nantucket

Project Proponent
Name:

Vineyard Wind

Address :

700 Pleasant Street

City/Town/Zip/Telephone:

New Bedford, MA 02740

Agency license or funding for the project (list all licenses, penn its, approvals, grants or other entitlements being sought from
state and federal agencies).
Type of License or funding (specify)

Agency Name:

Bureau of Ocean Energy Management (BOEM)
Federal Aviation Agency (FAA)
Anny Corps of Engineers (ACOE)
Clean Water Act (Section 404), Section 106 Consultation
Environmental Protection Agency (EPA)
NPDES Construction General Pennit
Massachusetts Environmental Policy Act (MEPA)
Environmental Notification Fonn
Massachusetts Department of Environmental Protection (DEP)
Project Description (narrative):
The routes within Barnstable and Yarmouth being considered include a Preferred and Notice Alternative Route as well
as six variants and one substation parcel. The five Preferred variants include Seagull Beach, New Hampshire Avenue,
Willow Street, Eversource ROW and Bike Path. The single Notice Alternative variant is at Attucks Lane. The preferred
landing site is at New Hampshire Avenue in Yarmouth and the preferred grid interconnection point is the Barnstable
Switching Station.
The potential upland cabling route on Nantucket consists of two routes at the west end of the island that extend from
the southern shoreline near Cisco Beach along the Madaket Road bicycle path and Barrett Farm Road. They converge
at the northern end of Barrett Farm Road to fonn a single route that follows Eel Point Road to Dionis Beach on the
north side of the island.

(Note: no surveys on Nantucket are planned. The reference to an upland route on Nantucket is an error.)

Does the project include demolition? If so, specify nature of demolition and describe the building(s) which
are proposed for demolition.
No

Does the project include rehabilitation of any existing building? If so, specify nature of rehabilitation
and describe the building(s) which are proposed for rehabilitation.
No
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Does the project include new construction? If so, describe (attach plans and elevations if necessary).
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To the best of your knowledge, are any historic or archaeological properties known to exist within the
project's area of potential impact? If so, specify.
Thirteen pre-contact and 2 post-contact archaeological sites may be located within and/or adjacent to the
overland routes in Barnstable, Yarmouth and Nantucket.
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Wetland
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Forestry
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What is the present land use of the project area?
Mixed residential and commercial development and utility conidors (power line, sub-station), railroad right of
way and existing roadways in the Barnstable and Yarmouth project area.
The Nantucket section of the project area land use is within existing roadways and bicycle paths (Madaket and
Eel Point Roads) through open land and low density residential development in Madaket.
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Pursuant to Section 27(c) of Chapter 9 of the General Laws and according to the regulations outlined in
950 CMR 70.00, a permit to conduct a field investigation is hereby requested.

1.
2.

3.

Name(s):
Institution:

Duncan Ritchie
The Public Archaeology Laboratory, Inc.

Address:

26 Main Street
Pawtucket, Rhode Island 02860

Project Location: Vineyard Wind Upland Cabling Project
see attached proposal

4.

Town(s):

5.

Attach a copy of a USGS quadrangle with the project area clearly marked .

Barnstable, Yarmouth and Nantucket

see attached

6.

Property Owner(s):

Towns ofBamstable, Yarmouth and Nantucket, MA;
Eversource

7.
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may perform the proposed field investigation.
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The proposed field investigation is for a(n):

G) Reconnaissance Survey
b. Intensive Survey
c. Site Examination
d. Data Recovery
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Duncan Ritchie
Colin Stephenson

Field Crew:
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Fieldwork:
Laboratory:
Report:

November, 2017
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C. Research Design
1. Attach a narTative description of the proposed Research Design according to the requirements of 950 CMR 70.11 .
The Applicant agrees to perf01m the field investigations according to the standards outlined
in 950 CMR 70.13.

2.

The Applicant agrees to submit a Summary Rep01i, prepared according to the standards
outlined in 950 CMR 70.14 by:

3.

4.

The specimens recovered during performance of the proposed field investigation will be
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The Public Archaeology Laboratory, Inc.
26 Main Street
Pawtucket, Rhode Island 02860
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INTRODUCTION

Vineyard Wind, LLC (“Vineyard Wind”) is proposing an ~ 800 megawatt (“MW”) wind energy
generating facility in the Atlantic Ocean just over 23 kilometers (“km”) (14 miles [“mi”]) off the
coasts of Martha’s Vineyard and Nantucket, MA (the “Project”). To address issues of potential
aesthetic impact Vineyard Wind has retained Saratoga Associates, Landscape Architects,
Architects, Engineers, and Planners, P.C. (“Saratoga Associates”) to conduct a Visual Impact
Assessment (“VIA”) of the Project. The purpose of this VIA is to identify potential visibility of
the Project and objectively determine the difference in landscape quality with and without the
Project in place. The information and recommendations included in this report are intended to
assist regulatory agencies, interested stakeholders, and the general public in their review of the
Project, in accordance with applicable regulatory requirements. Figure 1 illustrates the Project
location.

1.1 Proposed Area of Potential Effect (APE)
The proposed area of potential affect (“APE”) for this VIA includes coastal areas up to 56.8 km
(35.3 mi) from the Wind Development Area (“WDA”). This highly conservative study zone
extends well beyond the 8-32 km (5-20 mi) distance normally considered the outer limit for
most land-based visual impact studies. 56.8 km (35.3 mi) was selected as a reasonable
proposed APE considering distance and the curvature of the earth. Based on the largest Wind
Turbine Generator (“WTG”) under consideration this radius was conservatively established as
the maximum distance at which the WTG nacelle (and Federal Aviation Administration [“FAA”]
aviation obstruction lighting mounted on top of the nacelle) will be visible above the horizon.
Beyond this distance, only the rotor blades would appear above the distant horizon.
Considering the slender form and low contrast coloration of the rotor blades combined with
atmospheric hazing, views of the WTG above the nacelle are unlikely to be detected by coastal
observers at this distance.
The proposed APE, for the purpose of visual impact assessment is the same as was established
in the report titled “Historic Properties Visual Impact Assessment”. This document is
incorporated as Appendix III-H.b of the Construction and Operations Plan (“COP”).
The distance that the nacelle will fall below the horizon is geometrically calculated based on the
radius of the earth and the line-of-sight tangent to the horizon for a standing observer at sea
level. The maximum extent of the proposed APE does not consider the variable phenomena of
atmospheric refraction; the deviation of light from a straight line as it passes through
the atmosphere. Although it is theoretically possible a refracted line-of-sight to nacelle
elevation might exist, sheer distance, atmospheric hazing, and the presence of intervening
inland vegetation render the potential for visual impact beyond the proposed APE radius
negligible. Atmospheric refraction is considered in all visual simulations and calculations
presented in this VIA. Refer to Section 4.0 for assessment of distance-related factors affecting
Project visibility.
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Within the 56.8 km (35.3 mi) radius from the WDA are numerous islands as well as Cape Cod;
however, the first land masses to be affected (Cuttyhunk Island, Martha’s Vineyard, Nomans
Land Island, Nantucket, Muskeget Island, and Tuckernuck Island) serve to provide a visual
obstruction and buffer to areas within Buzzards Bay, Vineyard Sound, and Nantucket Sound. A
narrow view corridor between Martha’s Vineyard and Muskeget Island into Nantucket Sound
allows for the potential visibility of the WDA from the Towns of Mashpee, Barnstable, and
Yarmouth on Cape Cod at the end of the 56.8 km (35.3 mi) radius. Given the extreme distance
and the numerous buildings and structures along the shorelines of Mashpee, Barnstable, and
Yarmouth, only those areas directly along the shoreline (highlighted on the attached maps) are
considered within the proposed APE. Although simulations show that the WTGs will not be
visible from these distances, they are nevertheless included to be conservative. Figure 2
illustrates the proposed APE.

1.1.1 Martha’s Vineyard and Nantucket APE Viewsheds
The viewsheds that may be affected—i.e., areas where WTG and Electric Service Platforms
(“ESPs”) may be seen—include the southern coastlines of Martha’s Vineyard and Nantucket and
the open ocean surrounding the WDA. In most circumstances, Project visibility is quickly
screened from inland vantage points by coastal topography and vegetation. Based on field
observation conducted by as part of the “Historic Properties Visual Impact Assessment” (COP
Appendix III-H.b), most views of the Project will be limited to immediate waterfront locations.
Few publicly accessible vantage points with views of the Atlantic Ocean were found more than
1 km (0.6 mi) inland. For this reason, the study area is generally limited to a relatively narrow
area along the coastline within the 56.8 km (35.3 mi) proposed APE. Figure 3 illustrates this
likely visible area. Figure 4 and Figure 5 illustrate these individual APE areas on Martha’s
Vineyard and Nantucket.
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PROJECT DESCRIPTION1

The WDA is just over 23 km (14 mi) south of Martha’s Vineyard and Nantucket. The Project will
consist of offshore WTGs, each placed on a foundation support structure, ESPs, an onshore
substation, offshore and onshore cabling, and onshore operations and maintenance facilities.
The Lease Area is a 16 x 48 km (8.6 nautical miles [“nm”] x 26.9 nm area) area oriented
northeast to southwest and located just over 23 km (14 mi) south/southwest of Nantucket and
Martha’s Vineyard. The Project will be located in the northern portion of the over 675 square
kilometer (“km2”) (161 square miles [mi2]) Lease Area. Power generated from the windfarm will
be transmitted to Cape Cod via submarine offshore cables. Upon arriving at the shoreline of
Cape Cod, the offshore cables will transition to underground onshore cables to connect with an
electrical substation. An onshore substation will be constructed in order to accommodate the
additional electrical load; a substation location in the Town of Barnstable is under
consideration. A new substation building (if needed) will not likely be larger than the existing
station.

2.1 Wind Turbine Generators
The Project includes the construction of up to 106 WTGs and up to four ESPs within the WDA.
The Project is designed to provide up to ~800 MW of electricity and has defined a range of
turbine sizes that may be used: from eight to 10 MW. If the eight MW WTGs are used, 106
positions will be occupied; if the 10 MW WTGs are used, 88 positions will be occupied. The
WTGs will be laid out in a grid pattern along with several offshore substation platforms. The
WTGs will be positioned approximately three-quarters to one nm apart from each other.
The WTGs will be supported by foundations consisting of either steel monopiles embedded into
the sea floor or “jacket” structures. The jacket foundations are cross-braced structures
supported by piles (three or four piles). Either foundation type (monopile or jacket) is designed
to support the WTG. The WTGs will connect to the existing mainland power grid via inter-array
cables that connect six to 10 WTGs to the ESPs, then offshore cables from the ESPs will connect
to the shore at the landfall site. All offshore and onshore cables will be buried and will not be
visible. Proposed underground cables are expected to utilize existing paved roadway and utility
corridors to connect to the proposed substation location in Barnstable.
The maximum height of the WTGs considered for this project will measure approximately 212
meters (“m”) (696 feet [“ft”]) above sea level at the peak of the blade tip. The supporting
foundation/transition piece and wind turbine tower extends a maximum of 121 m (397 ft)
above the ocean surface to the “nacelle height”. The rotor supports the three blades and the
nacelle, which houses the generator and related equipment, and is set at this height. The rotor
diameter formed by the three blades will be a maximum of 180 m (591 ft). This corresponds to
1

See COP Volume I, Section 3.0 for full project description.
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an approximate maximum blade length of 85 m (279 ft). The blades will taper down from a
maximum width of approximately 5.1 m (17 ft) across at the base to approximately 1.6 m (5.5
ft) at the tip. The WTG assembly and the blades are typically painted off white or light gray to
blend into the horizon.
The ESPs will have a maximum width of 45 m (148 ft) and a maximum length of 70 m (230 ft).
Additionally, the ESPs will have a maximum height of 66.5 m (218 ft) above water. The WTGs
will be joined to the ESPs via submarine inter-array cables, and the ESPs will be joined to one
another via submarine inter-link cables.
Although most of the WDA falls outside of the FAA jurisdictional area, BOEM intends to follow
FAA guidance until they develop new guidance. The FAA guidance provides that two aviation
obstruction lights (L-864) be installed on top of each nacelle. The L-864 unit is a red low
intensity omni-directional light emitting 2,000 candelas (plus or minus 25%) (Federal Aviation
Administration, 2016). The current FAA circular states aviation obstruction lights will flash in
unison at a rate of 30 flashes per minute (FAA, 2016). Alternative lighting schemes are being
assessed for usability. These include but are not limited to weather dependent light intensities,
radar activated lighting, and other potential future advancements in technology.
The US Coast Guard (“USCG”) requires two amber navigation warning lights (visible up to 4.6
km (2.5 nm) be mounted near the top of the foundation on each WTG approximately 19-23 m
(62-75 ft) above mean lower low water (“MLLW”).

2.1.1 WTG Specifications Used for Visual Impact Assessment
In conducting the visual simulations, Vineyard Wind utilized the proposed layout with 106 of
the eight MW WTGs. The eight MW layout represents the maximum impact scenario for
potential visual effects because the nacelle is the most visible portion of the WTG, especially at
night, and the nacelle heights for the various WTGs are all within 10 m (33 ft) of one another. A
10 m (33 ft) difference in WTG hub height is not perceivable at a distance of over 23 km (14 mi),
the closest approximate distance from the Project to land; in the simulation it will represent
only a fraction of a millimeter based on the 11”x17 “ printed page. Thus, the greater potential
impact will be due to the number of turbines and lights, rather than fewer, slightly taller WTGs.
The eight MW model evaluated has a hub height of 111 m (364 ft), rotor diameter of 167 m
(548 ft) for a blade tip height of 194.5 m (638 ft). Turbine blades will taper down from a
maximum width of approximately 5.2 m (17 ft) across at the base to approximately 1.7 m (5.5
ft) at the tip. The spacing 8 MW WTGs will vary from about 1.4 km (0.87 mi) to over 1.85 km
(1.15 mi) under this scenario. Figure 6 illustrates the visual characteristics of the WTG
evaluated in this VIA.
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2.2 Electrical Service Platforms
The project will include up to two full-size ESPs or four ESPs housing step-up transformers and
other electrical gear. The ESPs will have a maximum width of 45 m (148 ft) and a maximum
length of 70 m (230 f). Additionally, the ESPs will have a maximum height of 66.5 m (218 ft)
above water. The WTGs will be joined to the ESPs via submarine inter-array cables, and the
ESPs will be joined to one another via submarine inter-link cables. The lighting scheme for each
ESP will be similar to that of the WTG, described above in Section 2.1.
Because the specific type of ESP was not determined at the time of this VIA the largest potential
ESP dimension with a jacket-type foundation is evaluated herein as the maximum potential
visual impact scenario. Figure 7 illustrates the general characteristics of a conventional ESP.

2.3 Export Cables and Onshore Substation
The WTGs will connect to the existing mainland power grid via inter-array cables that connect
six to 10 WTGs to the ESPs, then offshore cables from the ESPs will connect to the shore at the
Landfall Site. All offshore and onshore cables will be buried and will not be visible. Proposed
underground cables are expected to utilize existing paved roadway and utility corridors to
connect to the proposed substation location in Barnstable.
The power grid connection is proposed at an existing landside power substation. The proposed
improvements will be consistent in scale and visual character with the existing electric
substation. All new structures will be within the maximum height limits permitted under
current zoning. Because proposed improvements are consistent with the height and visual
character of the existing substation this VIA does not evaluate this project component.
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LANDSCAPE CHARACTER/VISUAL SETTING

The APE is comprised of Martha’s Vineyard, Nantucket, the Elizabeth Islands, associated smaller
Islands and a portion of Cape Cod. Martha's Vineyard is the largest island of the group, covering
about 223 km2 (86 square miles [“mi2”]). Nomans Land Island, a small uninhabited island of
about 2.6 km2 (1 mi2) located about 4.8 km (3 mi) southwest of Martha's Vineyard is protected
as a National Wildlife Refuge. Nantucket is comprised of four islands: Nantucket, Esther Island,
Tuckernuck Island, and Muskeget Island. Nantucket is the largest of the four islands and is
approximately 126 km2 (49 mi2). The Elizabeth Islands are a chain of small islands extending
southwest from the southern coast of Cape Cod at the outer edge of Buzzards Bay.
Martha’s Vineyard and Nantucket are popular tourist destinations and summer resort
communities. Access to the islands is limited to boat and air service. Most visitors and
residents utilize a ferry service connecting mainland Cape Cod to the islands. According to the
US Census Bureau, the year-round population on Martha’s Vineyard is approximately 17,250
residents, although the summer population can swell to more than 100,000 (County of Dukes,
n.d.). Nantucket has a year-round population of approximately 12,000. But with tourists and
seasonal residents, the population of the island increases to more than 50,000 during the
summer (Town of Nantucket, n.d.).
Martha’s Vineyard and Nantucket were formed by the last period of continental glaciation and
the rise in sea level that followed. The islands are generally characterized by low elevation,
with undulating hills and shallow depressions. Elevations range from sea-level to approximately
110 ft above sea-level in the central portion of Martha’s Vineyard and Nantucket. Most of the
oceanfront is fringed by barrier beaches and sand dunes. The western and northwestern parts
of Martha's Vineyard are marked by ridges and hills that extend southwesterly and end at the
high cliffs of Aquinnah (Gay Head), Nashaquitsa, and Squibnocket. The elevation of these hills
averages about 61 m (200 ft) above sea level but extend as high as 91 m (300 ft) in some areas
(SCS, 1993).
Vegetation within the AEP is characterized by a mix of scrub forest, upland heaths, sand plain
grasslands, salt marshes, and open fields (agricultural and successional). Developed features
include village centers, year-round and vacation homes, roads, and harbors/ports.
The overall aesthetic character of Martha’s Vineyard and Nantucket are that of a small-town
landscape with minimal urban development. The horizon, looking south towards the WDA from
the coast, is typically defined by a view of the open ocean. Because of the development and
infrastructure at some of the viewpoints, manmade lighting results in some light pollution, but
most viewpoints are typical of beaches and natural areas without much development. Lights
from boats/ships can be seen from all locations of the coastline on the ocean horizon on most
nights, except in extremely foggy conditions. The intensity and size of the lights varies
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depending on the distance of the boat from the shore, and remains within the view different
amounts of time depending on the direction and speed of the vessel (BOEM, 2014).

3.1 Landscape Units
The definition of landscape or seascape types found in the study area provides context for
assessment of visual resources and viewer circumstances. Landscape Units (“LUs”), are defined
based on similarity of landscape features including landform, vegetation, water, and land use
patterns.
Open Ocean Unit – The open water/ocean unit includes the open water of the Atlantic Ocean,
Nantucket Sound, Vineyard Sound, Buzzards Bay, and Rhode Island Sound. This unit is
characterized by broad expanses of open water which forms the dominant foreground element
in all directions. From all vantage points the Project will be viewed over open water. In
general, the waters of the Atlantic Ocean appear dark bluish-gray typical of northeastern US
oceanic water (as compared to the light greenish blue colors common to southeastern US
waters). Cloud cover, wind, sun reflectance, and surface glare affect the color of the water and
often create patterns of color variation over the water surface. The visible texture of the water
is affected by the action of waves, which can include flat water, rolling swells and or choppy
white cap conditions. These factors contribute to an amalgam of shimmering colors and
patterns of light that are of aesthetic interest and may command the attention of observers.
The waters off of Cape Cod, Martha’s Vineyard and Nantucket support a wide variety of human
activities including water sports, recreational boating (sail and power craft), recreational and
commercial fishing, ferry services, and commercial shipping, among others uses. Navigation
through the area includes ocean going vessels headed to or from major ports (e.g., New York
and Boston), commercial fishing vessels, ferry transport (Nantucket and Martha’s Vineyard
ferries), pleasure craft and sport fishing boats. The ocean, sound, channels, harbors, and bays
are marked with maritime aids (e.g., buoys, channel markers, warning lights, etc.).
Ocean Beach Unit - Miles of sand beaches are a defining aesthetic feature of Martha’s Vineyard,
Nantucket, and Cape Cod. Beaches are a significant attraction for sunbathers, surfers,
fishermen, and beachcombers. During the summer season, certain stretches of the beach
setting are at capacity. At other times of the year beaches can be nearly deserted and appear
in a seemingly pristine natural condition. As a daytime destination, visitors bring brightly
colored umbrellas, coolers, folding chairs, towels, and recreational watercraft. Southerly views
from the beach encompass views of the open water landscape across the Open Water/Ocean
Unit.
The beaches are both sandy (primarily on Nantucket, along the south coast of Cape Cod, the
perimeters of the Elizabeth Islands, and the eastern portion of Martha’s Vineyard) and rocky
(primarily on the western portion of Martha’s Vineyard). Breaking surf is a continuous and
unique visual condition. Viewer activity is primarily recreational in nature including passive
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sunbathing, swimming, walking/beach combing, surf fishing, and surfing. Beaches are also used
by recreational and commercial fishermen.
Views are almost always unobstructed and considered highly scenic. Views extend up and
down the coast and across open water as one looks out to sea. Inland views include grassy
dunes and coastal scrub vegetation. Man-made structures are frequently visible from beach
locations, although extended stretches of beachfront on Martha’s Vineyard and Nantucket are
located within protected open space areas with little to no man-made development within
immediate view.
Coastal Dunes Unit - The inland edge of the Ocean Beach Unit is defined by undulating sand
dunes typically ranging in height from 3-6 m (10-20 ft). Dunes are typically vegetated with low
grasses and low shrubs. Coastal dunes typically occur along the shoreline between the ocean
beaches and more inland landforms and are present throughout the study area on Cape Cod,
especially in the easterly limit of the proposed APE, as well as on Martha’s Vineyard and
Nantucket. The dunes are typically traversed by narrow enclosed footpaths through the beach
grass that provide public access to the beaches from inland roads and parking areas. Ocean
views from the back side of the Coastal Dune Unit are largely restricted by the dune terrain.
Viewer activity is almost exclusively recreational; focused on walking/sight-seeing and beach
access from inland roads and parking areas.
Coastal Bluffs Unit - Portions of the coastal area are defined by a distinctive topographic rise in
elevation from the beach below, with coastal scrub vegetation at the top of the bluffs.
Dramatic coastal bluffs occur at the eastern end of Martha’s Vineyard at Gay Head, Aquinnah,
and Chilmark where the land rises steeply from sand or rocky beaches to elevation of 30 m (100
ft) or more. Notable bluffs in this area include Gay Head Cliffs, Zacks Cliffs, Squibnocket Ridge,
Nashaquitsa Cliffs, and Wequobaque Cliffs. Less dramatic bluffs are found at Wasque Point at
the southern end of Chappaquiddick Island where topography steeply rises 15-30 m (50-100 ft)
above beach elevation.
The Coastal Bluffs Unit is defined by scenic open vistas of the ocean and distant landscape from
an elevated vantage point. Viewers frequently visit these areas specifically to enjoy scenic
vistas over the ocean and long distance views up and down the coastline. Bluff vistas also
commonly include man-made development including roads and vehicles, overhead utility lines,
and residential development.
Salt Pond/Tidal Marsh Unit - Salt ponds and tidal marshes inland of the Ocean Beach Unit are
common throughout the coastal area. Disconnected from the ocean except during flooding
events, or connected to the ocean by narrow tidal channels, these water features are defined
by shallow open water and buffered by herbaceous grasses and other salt tolerant vegetation.
In those with hydraulic connections to the ocean, water levels rise and fall with the tide,
exposing mud flats. Views over the water body and flat marshland extend until interrupted by
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adjacent dunes and/or scrub vegetation. Residences often are present along the edges of the
ponds, many with associated docks and boats. Recreational activities in this unit include
walking, boating, clam digging, and bird watching.
Coastal Scrub Brush Unit - At varying distances inland from the Coastal Beach, Dunes, and Salt
Pond/Tidal Marsh Units, the coastal landscape transitions into a more heavily vegetated scrub
brush and low forest condition. The Coastal Scrub Brush and Forest Units (described below) are
characterized by low dense woody and herbaceous vegetation -- the dominant forest is Pitch
Pine-Oak forest which occurs on Cape Cod, Martha’s Vineyard, and Nantucket. Scrub
vegetation is commonly found on upland dunes and plains above tidal conditions. Landform is
often comprised of small hills and eroded hollows. Vegetation is often thick and nearly
impenetrable. Views are frequently obstructed by dense foliage. Distant vistas may be limited
to view corridors along roadways or where scrub brush transitions to open meadow. Viewer
activity is typically limited to local travel and recreational use such as walking and biking.
Forest Unit - Inland from various coastal units are extended wooded areas including both
deciduous and coniferous species (e.g., oaks, hickories, and white pine). Understory is
comprised of mixed shrubs, vines and saplings. In areas exposed to coastal winds, trees are
often irregular in form and stunted. Trees in better shielded inland areas are taller and more
regular in form.
Although this landscape type once dominated the interior of Martha’s Vineyard, Nantucket, and
Cape Cod, various forms of human development extensively encroach upon this area, leaving a
patchwork of mature forest remaining. A variety of land use activities exist in the Forest Unit
including residential development, roads, small open yards and fields, and other land uses.
Such conditions are not specifically identified as separate units due to the visual dominance of
the surrounding forest. The Manuel F. Correllus State Forest, a 21 km 2 (8 mi2) forest is situated
in the center of Martha's Vineyard, offers trails for biking and hiking.
Topography in the Forest Unit is typically level to rolling with distinct ridges and gullies. Views
are frequently restricted to openings in the forest canopy and axial views along roadways.
Viewer activity includes residential uses and local travel. Recreational uses include walking and
bicycling through the woods along local roads and trails.
Shoreline Residential Unit - Shoreline (or near shoreline) residential development is common in
coastal areas not currently protected by public and private land conservation initiatives.
Residential development ranges from small bungalow style beach houses to large well
maintained vacation homes. The developments are a mix of densely developed areas such as
Falmouth Heights and Popponnesett (Mashpee) and Nantucket harbor, and low density
developments on the south shore of Martha’s Vineyard and Nantucket. Although sometimes
screened by coastal scrub vegetation, shoreline residences typically have panoramic views of
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the ocean, salt ponds/tidal marshes, and/or dune landscape. Architecture is a mixture of old
and new construction and traditional/historic and contemporary style.
The local landscape is gently rolling with a mix of coastal scrub, heath, and dunes surrounding
maintained residential landscapes. Larger trees are not generally present in beachfront
locations. Shoreline residential homes are often used seasonally by owners or offered as
vacation rentals. Visitors to these properties enjoy views of the ocean or beachfront landscape
and frequently walk or drive from the residential property to the beach and other scenic coastal
locations as part of their vacation routine.
Village/Town Center Unit - The Village/Town Center Unit includes clearly identifiable population
centers including Vineyard Haven, Oak Bluffs, and Edgartown on Martha’s Vineyard; Woods
Hole and West Falmouth on Cape Cod; and Nantucket Village on Nantucket. This zone is
comprised of moderate to high density residential and commercial development in a village
setting. Vegetation most commonly includes street trees and residential landscaping yard
trees. Buildings (typically two to three stories tall) and other manmade features dominate the
landscape. Architecture is highly variable in size, style, and arrangement. Each town center on
Martha’s Vineyard and Nantucket maintains an individual and distinctive New England
character. Village/Town Centers are widely recognized as quaint small town destinations and
highly scenic places.
On Martha’s Vineyard and Nantucket, village and town centers are small coastal seaports with
clusters of historic buildings focused around clearly defined and thriving downtown commercial
districts. Side streets are characterized by well maintained residential structures adjacent to
the village center. Buildings are most commonly of a traditional New England architectural
style and arranged in an organized pattern focusing views along the streets. Buildings, street
trees, and local landscaping enclose and prevent long distance views.
Rural Residential Unit - The Rural Residential Unit is found along the frontage of rural roads
through Cape Cod, Martha’s Vineyard and Nantucket, outside of the Village/Town Center Unit
and the Suburban Residential Unit and inland from coastal areas. Structures are typically single
family homes that vary widely in age and architectural style, from the traditional Cape style
house to modern modular homes and historic farm houses. Residences tend to be larger and
well maintained, often with a traditional New England character. Rural residences on Cape Cod
vary in size from small Cape or ranch style homes to larger farm houses, and are generally
located on paved roads. On Martha’s Vineyard and Nantucket the older homes vary in size,
while newer seasonal homes are larger estates and located on large lots. Many rural roads on
the islands are unpaved. Residential structures are often set back from the road and
interspersed with hedgerows and small woodlots. Topography is characterized by relatively
level to gently rolling landform typical of inland on Martha’s Vineyard and Nantucket. Extended
distance views are often restricted to open fields and axial views along roadways. Rural
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residential uses are not typically oriented toward ocean views. Viewer activity includes
common residential uses, recreation and local travel.
Suburban Residential Unit - Suburban residential development includes medium to high density
single family residential neighborhoods that typically occur on the outskirts of villages and town
centers, along secondary roads and cul-de-sacs. The Suburban Residential Unit is most
commonly located on Cape Cod and around the perimeter of Village/Town Center Units on
Martha’s Vineyard, and Nantucket. Buildings are most often one- and two-story wood framed
structures with peaked roofs and clapboard or shingle siding. House styles are primarily capes,
ranches, bungalows, salt boxes and colonial residential structures.
Suburban Residential Units are also found in coastal areas in relatively new clusters of homes
designed for year-round, seasonal, or vacation use in areas proximate to beaches and other
scenic and recreational resources. Suburban residential developments generally have regularly
spaced homes surrounded by landscaped yards. Residential subdivisions are commonly are
located within forest areas or have pockets of remnant forest vegetation within developed
areas. Streets are well-organized in layout, and are often curvilinear in form with well-defined
access to collector streets. Activities include normal residential uses and local travel. Views are
often limited by surrounding vegetation or adjacent structures. Suburban Residential Units are
not typically oriented toward ocean views.
Agricultural/Open Field Unit - Agricultural land uses within the APE are limited to several small,
generally level to gently sloping pastures and crop fields. Livestock and working farm
equipment add to the visual interest of the open fields. This unit occurs primarily in inland
portions of the APE as a minor component of the landscape on both Martha’s Vineyard and
Nantucket. Many of the agricultural landscapes are protected open space, either by public
agencies, private land trusts, or non-profit organizations. Agricultural lands may offer long
distance views. Adjacent forest, coastal scrub and structures commonly frame/enclose views
and provide significant screening. Because this unit largely inland, views to the ocean are
relatively rare, with the exception of Bartlett’s Farm on Nantucket and the Allen Farm on
Martha’s Vineyard.

3.2 Viewer/User Groups
Viewers engaged in different activities while in the same setting are likely to perceive their
surroundings differently. The description of viewer groups is provided to assist in
understanding the sensitivity and probable reaction of potential observers to visual change
resulting from the proposed project.
Tourists, Vacationers, Seasonal Residents and Recreational Users - One of the coastal area’s
greatest assets is the view of the Atlantic Ocean and Nantucket Sound and its shoreline
landscape. Martha’s Vineyard and Nantucket have long been a renowned tourist destination
offering a broad-spectrum of passive and active recreational pursuits focused on its scenic and
Page 18

Vineyard Wind Project

Visual Impact Assessment

upscale coastal setting. While some visit the islands for a few days or a week in the
summertime others may spend the entire summer season in the area. Tourists, seasonal
residents, vacationers, and recreational users are commonly involved in outdoor recreational
activities at beaches, parks and conservation areas. Typical activities include sunbathing, beach
combing, swimming walking, bicycling, recreational boating, fishing, and other passive
recreational.
While the sensitivity of these viewers will vary, tourists, seasonal residents, vacationers, and
recreational users will be the most sensitive to built elements on the landscape since quality
views of the ocean is likely a primary reason for their visit and an integral part of their
recreational experience. However, for other users, such as fisherman, the scenic quality of the
coastal landscape may be less important.
Greater numbers of tourists, vacationers, and recreational users will be present in the coastal
area during the summer and on sunny days, when the weather is clear and warm as compared
to overcast, rainy or cold days. In addition, more recreational users will be present in the
coastal area on weekends and holidays than on weekdays.
Year-Round Residents - Local residents live, work, and travel in the APE. They generally view
the landscape from their yards, homes, local roads, and places of employment. The highest
population of local residents is in and around the town center areas, but many live in more
rural portions of the APE.
The coastal area also includes numerous private residential properties coastal areas that are
uniquely oriented to take advantage of scenic views. These properties are almost always of
very high real estate value, due in large part to water views or proximity to the waterfront, and
are often cherished places for families who live or vacation there.
Local residents are likely to have the best understanding of the aesthetic character and existing
conditions of the coastal area. Except when involved in local travel, these viewers are likely to
be stationary and may have frequent and/or prolonged views of the Project. They know the
coastline and may be sensitive to changes in particular views that are important to them.
Residents’ sensitivity to visual quality varies and may be affected by the aesthetic setting of
their neighborhood or work place. Those residing or working in village/community centers with
views focused on the developed landscape may be less sensitive to landscape changes than
those with views of a more natural landscape or seascape. However, all local residents are
familiar with the coastal landscape and may be sensitive to aesthetic changes to varying degree.
Through Travelers - This group includes non-local viewers with views of the ocean. Through
travelers are typically moving, have a relatively narrow field of view oriented along the axis of
the roadway, and are destination oriented. Drivers will generally be focused on the road and
traffic conditions, but do have the opportunity to observe roadside scenery. Passengers in
moving vehicles will have greater opportunities for prolonged off-road views than will drivers,
and therefore may be more aware of the quality of surrounding scenery.
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Site inventory found few major roads with significant or extended views of the water.
Also included in this group are travelers that may transit the ocean on ferries from the main
land. Unlike automobile users, ferry passengers have extended periods of time where views of
the proposed project would be of relatively long duration (one hour or more). These viewers
include those engaged in passive enjoyment of the ocean ambiance as well as those who pass
the travel time occupying themselves with business or other personal activities. At its closest,
the Hyannis/Nantucket ferry passes within 32 km (20 mi) of the WDA. Views from the
Hyannis/Nantucket ferry would occur within a narrow view corridor between Nantucket,
Tuckernuck Island, Muskeget Island, and Martha’s Vineyard
Commercial Mariners - Commercial fisherman and seaman transiting the ocean would typically
have low sensitivity to the presence of the Project. These viewers would be engaged in
activities associated with their jobs with minimal focus on the aesthetic character of their
surroundings. Moreover, commercial mariners would be more accustomed to the presence of
industrial activities and ocean-going vessels within their day-to-day environment than other
viewer types.

3.2.1 Public Reaction
Regardless of viewer group, public reaction to the Project is likely to be variable. Not all
viewers see wind turbines as having an adverse visual impact. A number of research studies on
visual impacts of offshore and onshore wind energy developments have indicated that wind
power enjoys strong support among the public, and unlike most large-scale energy facilities,
wind turbines are in some cases viewed as a positive visual impact by significant portions of the
public (BOEM, 2007).
While there is generally strong support for wind power development, there are often local
concerns relating to the aesthetics of planned wind facilities. The perceptions of visual impacts
associated with wind energy development vary among potential viewers and may be positive or
negative, and they can change over time, in some cases possibly trending toward more positive
perceptions after the installation of wind energy facilities (BOEM, 2007).
Warren et al. (2005) assessed pre- and post development attitudes toward visual impacts
associated with two onshore wind facilities in Ireland. Their survey found for one location that
more than 90% of survey respondents supported the concept of wind power, but 66% of
respondents were initially opposed to a local proposed wind facility. Contrary to expectations,
persons living closest to the wind facilities, who had originally opposed it on aesthetic grounds,
actually increased their acceptance of the visual impacts after its construction, with 62%
regarding the visual impact as positive. For a second wind facility, similar results were
observed. The results in both cases suggested that familiarity with the wind facilities decreased
aesthetic objections. Stated reasons for changing perceptions of visual impacts varied among
respondents; some felt the turbines were attractive, while others felt that the actual impacts
were less than had been anticipated (BOEM, 2007).
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3.3 Circumstances of View
View duration affects perceived visual impacts. Impacts that are viewed for a long period of
time are generally judged to be more severe than those viewed briefly (BOEM, 2007).
Stationary Views - Stationary views are experienced from fixed viewpoints. Fixed viewpoints
include beaches, recreational facilities, residential neighborhoods, historic resources, and other
culturally important locations. Characteristically, stationary views offer sufficient time, either
from a single observation or repeated exposure, to interpret and understand the physical
surroundings. For this reason, stationary viewers have a higher potential for understanding the
elements of a view than moving viewers.
Stationary views can be further divided into those of short-term and those of long-term
exposure. Sites of long-term exposure include locations where a stationary observer is likely to
be regularly exposed to the project such as from a place of residence or employment. Sites of
short-term exposure include locations where a stationary observer is only visiting, such as
beaches or other coastal recreation areas. The duration of visual impact remains at the
discretion of the individual observer; however, short-term impacts diminish with repeated
observations by the same observer (i.e., people become accustomed to common views).
Moving Views - Moving views are those experienced in passing, such as from moving landbased or water-based vehicles and craft, where the time available for a viewer to cognitively
experience a particular view is limited. Typically, such views apply to motorists proceeding at a
high rate of speed along a defined path through highly complex stimuli.
Traveling at a slower speed over open water, recreational boaters and ferry travelers may have
greater opportunities to cognitively experience their surroundings. For sailboats and very slow
moving motor craft, visual recognition may be similar to that described for stationary viewers.
Though for reasons of safety including avoidance of other vessels and surface flotsam, a boater
may nevertheless still tend to focus more on the direction of travel rather than other directions.
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4.0 OTHER FACTORS AFFECTING PROJECT VISIBILITY
In the case of long distance views, theoretical visibility typically exceeds actual visibility. In
seascapes, atmospheric haze reduces the practical viewing limit, sometimes significantly. The
presence of waves will obscure objects very low on the horizon. The limits of human visual
acuity reduce the ability of an observer to discern objects at great distances, suggesting that
some WTG components (e.g., blades) would not be discernible. The color, reflectivity, and other
visual characteristics of the object and its contrast with the visual background under varying
lighting conditions also affect its visibility (BOEM, 2007).

4.1 Viewer Distance
4.1.1 Distance Zones
Viewer distance from an area is a key factor in determining the level of visual impact, with
perceived impact generally diminishing as distance between the viewer and the affected area
increases (BOEM, 2007).
Distance can be discussed in terms of pre-defined distance zones: foreground, mid-ground and
background. Each zone represents a set of visual conditions that are predictive of how an
object will appear to change from zone to zone. The following description of each distance
zone is provided to assist in understanding the effect of distance on potential visual impacts
BLM, 2013; Jones and Jones; 1977; Litton, 1968).
Foreground (0 to 1/2 mi) - At a foreground distance, viewers typically recognize a very high
level of detail. Contrast and color intensity are at their greatest and human scale is an
important cognitive factor in judging spatial relationships and the relative size of objects. Visual
impact is likely to be considered the greatest at a foreground distance.
With the nearest coastal vantage point over 23 km (14 mi) distant, only boaters passing within
very close proximity will view the Project from the foreground distance zone.
Mid-Ground (1/2 mi to 3-5 mi) - This is the distance where elements begin to visually merge or
join. Colors, intensity, and textures become muted by distance, but are still identifiable. Visual
detail is reduced, although distinct patterns may still be evident. Viewers at mid-ground
distances typically recognize surface features such as tree stands, building clusters and small
landforms. Scale is perceived in terms of identifiable features of development patterns. From
this distance, the contrast of color and texture are identified in terms of their regional context
rather than of the immediate surroundings.
With the nearest coastal vantage point over 23 km (14 mi) distant, only boaters passing within
close proximity will view the Project from the mid-ground distance zone.
Background (3-5 mi to horizon) - At this distance, landscape elements lose detail and become
less distinct. Even on the clearest of days, the sky is not entirely transparent because of the
presence of atmospheric particulate matter. The light scattering effect of these particles causes
a reduction in the intensity of colors and the contrast between light and dark as the distance of
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objects from the observer increases. Contrast depends upon the position of the sun and the
reflectance of the object, among other items. The net effect is that objects appear "washed
out" over great distances; referred to as atmospheric perspective, this phenomena changes
colors to blue-grays, while surface texture characteristics are lost, and only broad landforms are
discernible. With atmospheric perspective, visual emphasis is on the outline or edge of one
landmass or water resource against another with a strong skyline element (NYSDEC, 2000).
All land-based vantage points will view the Project from the far background distance zone.

4.1.2 Point of Visual Extinction
From the nearest coastal vantage point WTGs in the WDA will range from over 23 km (14 mi) to
47 km (29 mi). Viewing distances increase as viewers move up or down the coast on Martha’s
Vineyard and Nantucket. The closest location to the WDA on Cape Cod is measured as over
47km (29 mi) near Popponesset Beach in Mashpee.
As an observer moves farther and farther from an object, the smaller the object appears.
Beyond a certain distance, depending upon the size and degree of contrast between the object
and its surroundings, the object may not be a point of interest for most people. At this
hypothetical distance it can be argued that the object has little impact on the composition of
the landscape of which it is a tiny part. Eventually, at even greater distances, the naked eye is
incapable of seeing the object at all (NYSDEC, 2000).
Sullivan, in “Offshore Wind Turbine Visibility and Visual Impact Threshold Distances” (2013),
concludes small to moderately sized facilities were visible to the unaided eye at distances
greater than 42 km (26 mi), with turbine blade movement visible up to 39 km (24 mi). At night,
aerial hazard navigation lighting was visible at distances greater than 39 km (24 mi). The
observed wind facilities were judged to be a major focus of visual attention at distances up to
16 km (10 mi), were noticeable to casual observers at distances of almost 29 km (18 mi), and
were visible with extended or concentrated viewing at distances beyond 40 km (25 mi). The
proposed Project is larger in scale than the projects evaluated by Sullivan; however, these
findings provide additional perspective concerning the effect of distance on human visibility of
offshore wind energy facilities and further support the conclusion that the proposed APE is
highly conservative.

4.2 Curvature of the Earth
Due to the curvature of the earth’s surface, objects viewed on the horizon are not seen in their
entirety, because they begin to fall below the visible horizon; as the distance from the viewing
location to the object continues to increase, less of the object will be visible. The impact the
earth's curvature has on views of objects on the horizon are lessened by the refraction of light
in the earth's atmosphere, which at long distances, curves our line of sight downwards.
From all vantage points, the Project will be viewed over open water at great distance (greater
than 23 km [14 mi] from any coastal vantage point). At such extended distance, the curvature
of the earth will affect the visibility of the Project. The degree of screening caused by earth
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curvature depends on the elevation of the viewer above sea level (“asl”) and the distance of the
viewer from the proposed project.
The degree of visibility above the visible horizon for any object can be geometrically calculated
using the Pythagorean Theorem (a2+b2=c2). The distance that the target object will become
visible above the horizon from a known vantage point is the sum of the distance between from
the viewer location to the visible horizon and the distance from the target object to the visible
horizon.
Figure 8 - Geometric Horizon Diagram

The distance to the geometric horizon from any point is calculated as follows:
From the Pythagorean theorem:
Where:
2
2
2
r +d =(r+h) ,
d=distance to horizon;
Simplifying;
h=elevation (asl) of viewer (eye level) or target
d = square root of (h2+2hr)
object; and
r=radius of the earth (3,963 miles = 20,924,640 ft)
The sightline distance between viewer (v) and target object (t) = dv+dt
Atmospheric Refraction - The distance to the optical horizon is slightly greater than the simple
geometric calculation, because the atmosphere bends light around the earth (atmospheric
refraction) allowing a viewer to see farther. The exact amount of bending depends on several
variables including elevation and the composition of the atmosphere (which varies with
location, weather, etc.). A commonly accepted rule of thumb is that the optical horizon is
calculated by multiplying the radius of the earth by a factor of 1.088 in the above formula to
adjust for this optical effect (BOEM, 2015).
All calculations used in this VIA include a coefficient of refraction of 1.088 to account for
atmospheric refraction.
Table 1 below provides calculations how much of a WTG would fall below the visible horizon at
different distances and viewer elevations.
At 23.7 km (14.7 mi) and farther from shore there is no land-based vantage point that will view
the an entire WTG or ESP. Some portion of the structures will always fall below the visible
horizon. Because atmospheric haze reduces visibility, sometimes significantly, and the
presence of waves obscure objects very low on the horizon, maximum theoretical viewing
distances typically exceed what is experienced in reality. Furthermore, limits to human visual
acuity reduce the ability to discern objects at great distances, suggesting that a WTG or ESP may
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not be discernible at the maximum distances, although they theoretically would be visible
(BOEM, 2007).
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Table 1 - Portion of Hypothetical 8MW WTG Visible Above Horizon (square meters [“m2”])
Eye Level
Elev. (m)

Distance (km)
20

22

24

26

28

30

32

34

36

38

40

42

44

46

48

50

52

54

56

58

2
4

181

176

172

167

161

155

148

141

133

125

116

106

96

86

75

63

51

39

26

12

60

62

64

66

68

70

72

74

76

78

80

82

185

181

177

172

167

162

156

149

142

134

126

117

108

98

87

76

65

53

40

27

14

6

187

184

181

177

172

167

161

155

148

141

133

125

116

106

96

86

75

63

51

39

26

12

8

189

186

183

180

175

171

165

159

153

146

139

131

122

113

104

94

83

72

60

48

35

22

8

10

191

188

185

182

178

174

169

163

157

151

144

136

128

119

110

100

90

79

68

56

44

31

17

3

12

192

190

187

184

181

176

172

167

161

155

148

141

133

124

115

106

96

86

75

63

51

38

25

12

14

193

191

189

186

183

179

174

169

164

158

152

145

137

129

120

111

102

91

81

69

58

45

32

19

5

16

193
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4.3 Meteorological Visibility
Visibility can be reduced by fog, snow, particulate matter, smog, or any combination of them as
part of normal atmospheric phenomena. To evaluate the effect of atmospheric conditions on
Project views from Martha’s Vineyard and Nantucket, a meteorological study was conducted
that identifies common weather conditions and assesses visibility within the proposed APE.
This meteorological analysis is included as Appendix C.
Visibility measurements from meteorological stations are typically recorded in intervals ranging
from ¼ to 10 miles. Visibility was measured and recorded on a one minute basis, averaged
across hours, and then binned to the following categories: less than ¼ mile, ¼ mile, ½ mile, ¾
mile, 1 mile, 1¼ miles, 1½ miles, 1¾ miles, 2 miles, 2½ miles, 3 miles, 3½ miles, 4 miles, 5 miles,
7 miles, and 10 miles or greater for the hourly reports. As shown in Table 2, analysis of the
hourly data indicates majority of the hours yielded a visibility of 10 miles or greater.
Table 2 - Frequency of Reported and Truncated Visibility Ranges
Less than 10 miles (percent)

10 miles or greater (percent)

Winter

Spring

Summer

Fall

Winter

Spring

Summer

Fall

Martha's Vineyard

21%

24%

30%

20%

79%

76%

70%

80%

Nantucket

30%

34%

39%

26%

70%

66%

61%

74%

The results of this analysis indicate that haze, fog and other atmospheric conditions limit
visibility to less than 16.1 km (10 mi) approximately 30% of the time on an annual basis. In
general, views greater than 16.1 km (10 mi) are obscured more frequently during the summer 30% of the time on Martha’s Vineyard and nearly 40% of the time on Nantucket- when
oceanfront vacation areas are more heavily used.
A more detailed picture of the distribution of visibility can be achieved by looking at the percent
of hours in which a given threshold visibility distance is exceeded. For Martha's Vineyard, the
highest visibilities during the daytime occur mainly during the summer, and the lowest visibility
occurs in the fall; for the nighttime, the highest visibilities occur in the fall and the lowest in the
summer. For Nantucket, the highest visibility during the daytime occurs in the spring, with the
lowest visibility occurring in the fall, summer, and winter. During nighttime, for Nantucket, the
highest visibility occurs in the spring, and the lowest in the fall.
It is important to note that visibilities greater than 16.1 km (10mi) are still reported as 16.1 km
(10 mi). Therefore, given the nearest shoreline vantage point just over 23 km (14 m) away, it is
reasonable to conclude that the project will be obscured from coastal vantage points more
frequently than identified in Table 2. This will become even more frequent for points farther
than this minimum distance and for WTGs and ESP farther out to sea than the closest point of
the WDA.
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In addition, different factors affect visibility, including air quality, sea spray and salts over the
ocean’s surface, the angle of the sun, and relative humidity. The presence of sea spray and
salts affects visibility but is not likely accounted for in Table 2. Therefore, calculated visibility
may be considered conservative since they do not account for this light-reducing factor.
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VISUALLY SENSITIVE RESOURCES

The scenic and aesthetic values of coastal areas play an important role in attracting visitors.
Martha’s Vineyard and Nantucket are both well-known tourist locations. Recreation and
tourism-related industries provide almost one quarter of the employment and wages in
Nantucket and Dukes Counties, which include Nantucket and Martha’s Vineyard, respectively.
A mix of public, private, and residential beaches are located on Martha’s Vineyard and
Nantucket. Martha’s Vineyard has 19 beaches: 14 are public, four are for town residents only,
and one is off limits. Seven of these beaches are on the south side of Martha’s Vineyard looking
towards the WDA. Nantucket has 10 public beaches, four of which are on the south side of the
island looking towards the WDA. Both Martha’s Vineyard and Nantucket have walking and
biking paths accessible to the public along the southern coasts of the islands. There are five
lighthouses on Martha’s Vineyard, but only one is on the southern side of the island, the Gay
Head Lighthouse, which is open to the public. Of the three lighthouses on Nantucket, none are
on the south side of the island. Resorts, a golf course (near Miacomet on Nantucket), and
natural areas on the southern coast have open views to the ocean (BOEM, 2014).
As a practical reality, the entire oceanfront within the area of study is highly scenic and of great
aesthetic importance to the social, cultural, and economic well-being of every municipality
located within the proposed APE. For the purpose of this visual resource assessment, all public
places with ocean views are considered to be of significance.
An inventory of visually sensitive resources is found in “Vineyard Wind Project - Historic
Properties Visual Impact Assessment” (COP Appendix III-H.a). Table 3 - Visual Resource
Inventory identifies the visually sensitive resources identified and evaluated in that document.
Table 3 - Visual Resource Inventory
Name

Municipality

Resource Type

Description
Located along Wasque Avenue, this area includes shoreline and
open fields with low tree growth and a northern treeline with
larger mature tree growth approximately 15-20 ft in height. A
lagoon is located north of a sandbar with dunes approximately 810-ft in height. The topography slopes upward inland allowing for
view to the WDA above the dunes. Existing vegetation eliminates
the WDA view northward along Wasque Avenue toward Pocha
Road, with views present along intersecting streets at their
southern ends at Katama Bay.
Located within the Wasque Reservation, Wasque Point has a
cliffside view (approximately 20-ft high) over the beach below
largely to the east with a southern view through existing tree
growth approximately 15-20-ft in height. View from the beach
below to the south along the shoreline is unobstructed.
Running from Wasque Avenue and terminating downhill at Katama
Bay, this area contains a mix of one to two-story residential
buildings dating from the 20th century as well as open lawns and
mature tree growth with shrubbery at Katama Bay. At the
high/inland end of the street, the elevation is roughly 40-ft above
sea level. View to the WDA is possible at the end of the street
looking over the dunes at Katama Bay. Existing tree height along
Washqua Avenue is 20-25 ft.

Martha’s Vineyard
1

Wasque Reservation

Chappaquiddick

Public Rec.,
Open Space
Cons.

2

Wasque Point

Chappaquiddick

Public Rec.,
Open Space
Cons.

3

Washqua Avenue

Chappaquiddick
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Table 3 - Visual Resource Inventory
Name
Jerimiah Way

Municipality
Chappaquiddick

Resource Type

5

Chappy Point,
Gardner Beach

Chappaquiddick

Near Ntl.
Register Historic
Dist

6

Katama Point Public
Launch

Edgartown

7

South Beach

Edgartown

8

Wilson’s Landing

Edgartown

9

Long Point Beach

West Tisbury

10

Tississa Point

West Tisbury

11

322 South Road

Chilmark

4

Public
Recreation

Public Rec.,
Open Space
Cons.

Description
Running from Litchfield Road southward and terminating at Katama
Bay, Jerimiah Way consists of a mix mid to late 20th century singlefamily residences set on large lots with mature tree growth 15-30 ft
in height. Tree growth lowers in height toward Katama Bay. Views
from the roadway toward the WDA were largely obscured by
existing tree growth and buildings. The roadway also sits behind a
small rise blocking view of the horizon line. Visibility from private
property across Katama Bay toward the WDA is possible.
Located in the vicinity of the Edgartown Historic District on
Chappaquiddick Road at the ferry landing, Chappy Ferry Beach has
low sporadic vegetation 5-8-ft in height with a wide open view
southward to Katama Bay. View toward the WDA is partially
blocked by the shoreline in Edgartown in particular Katama Point.
The public launch overlooks a section of Katama Bay toward the
dunes to the south. From this location significant vegetation is not
present and the dunes provide the only obstruction of the horizon
line. Nearby residences dating from the mid to late 20th century
may have views at the second stories over the dunes that could
provide visibility of the WDA from this location. Access to private
property was unavailable.
South Beach / Katama Beach has significant dunes in this location 610 ft in height. From an inland location behind the dunes, a view of
the horizon line and WDA is only possible at gaps between dunes.
Inland of this location is Katama Farm and Katama Airpark, both of
which are devoid of significant vegetation allowing for potential
visibility of the WDA farther inland until the treeline and nearby
residences (dating from the mid-late 20th century) create an
obstruction.
Located on Edgartown Great Pond, Wilson’s Landing is a public boat
launch. Existing mature tree growth in the area is 25-35 ft in height.
The landing has a southerly view across the pond toward the dunes
and the inlet. View toward the WDA and horizon line is limited to
the inlet at the shoreline. Once back from the shoreline existing
vegetation quickly obstructs the viewshed to the south.
Located roughly midway along Martha’s Vineyard’s southern coast
is the Long Point Wildlife Refuge. The Refuge has mature tree
growth 30-40 ft in height that lowers in height from Scrubby Neck
Farm Road at the north down to shrubbery and grassed areas and
dunes at the shoreline. Dunes at this location are 6-8 ft in height.
View of the WDA from inland areas is partially obstructed by the
dunes, though gaps exist allowing for a view toward the WDA over
the grasslands
Located within the Sepiessa Point Reservation, Tississa Point has a
southerly view across Tisbury Great Pond through an inlet toward
the WDA. The surrounding area consists of low vegetation near the
shoreline with open fields and mature tree growth farther
northward approximately 30 ft in height. Dune height on either side
of the inlet varies in height providing areas of substantial
obstruction of the WDA on either side of the inlet.
Throughout most of South Road in Chilmark view of the ocean was
obstructed by tree growth. In the vicinity of Able Hill Cemetery
(MHC# CHL.803) and specifically through the property at 322 South
Road, a view of the horizon line and toward the WDA exists via a
gap in existing tree growth. Elsewhere tree growth is 25-30-ft in
height. Some of the private, residences (largely dating from the mid
to late 20th century) on the southern side of South Road have a
clear view toward the WDA, due to the steep slope down to the
shoreline and a lack of vegetation. Access to private property was
not available during the field survey.
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Table 3 - Visual Resource Inventory
Name
Allen Farm, 421
South Road

Municipality
Chilmark

Resource Type

12

13

Lucy Vincent Beach

Chilmark

Public
Recreation

14

Chilmark General
Store, 7 State Road

Chilmark

15

Squibnocket Beach

Aquinnah

16

Zach’s Cliffs /
Moshup Trail

Aquinnah

17

Gay Head Lighthouse

Aquinnah

Ntl. Register of
Historic Places

18

Gay Head Cliffs
Overlook

Aquinnah

National Natural
Landmark

19

Aquinnah Town Hall,
65 State Road

Aquinnah

20

Aquinnah Cultural
Center

Aquinnah

Ntl. Register of
Historic Places

21

Philbin Beach

Aquinnah

Public
Recreation

Public
Recreation

Description
The Allen Farm (MHC# CHL.E) consists of an 18th century house and
associated farm buildings. This area along South Road has large
open fields and some historic farm complexes. Via the open fields
to the south, view to the WDA and horizon line is possible through
openings in the vegetation and over the cliffs at Lucy Vincent Beach
(#13) below.
Lucy Vincent Beach has a combination of beach shoreline and cliffs
roughly 35-ft in height. At the shoreline southerly views toward the
WDA are unobstructed. Inland of the beach the topography rises
quickly and in the immediate area has some open fields allowing for
overlooking views to the WDA. Where present, such as the road to
the parking lot, existing tree growth is 25-35 ft in height and, with
the exception of the path to the beach, obstructs view of the
horizon.
Located in the town center of Chimark the area around the Chilmark
General Store (MHC# CHL.E) is obstructed from viewing the WDA
and ocean generally by dense vegetation. Mature tree growth in
this area is 30-40 ft in height.
Squibnocket Beach has unobstructed views toward the WDA. The
area around the beach has varying topography including rolling hills
and a high point of Squibnocket Ridge. The area surrounding the
beach also has predominantly low vegetation and sporadic mature
tree growth allowing for views from surrounding properties as well.
This section of Moshup Trail has dense vegetation, but at the road
has a partially obstructed oblique view to the southeast toward the
WDA. Most of the surrounding vegetation is 6-10-ft in height. From
the road Zack’s Bluffs largely obstruct the view toward the WDA,
but from the bluffs themselves toward the WDA can be achieved.
Located on a prominent rise the State and National Register listed
Gay Head Lighthouse’s (MHC# GAY.900) southerly view is too far
east to view the WDA due to its location at the western end of
Martha’s Vineyard. A southeast view is required to look toward the
WDA and this view is partially obstructed by existing topography
and vegetation. Only the southwestern portion of the WDA would
potentially be viewable, which is at the furthest distance from the
lighthouse. The area surrounding the lighthouse is a mixture of
open fields and low vegetation (shrubbery) with sporadic tree
growth 6-10 ft in height. Please note that a view from within or
atop the lighthouse was not obtainable.
The Gay Head Cliffs Overlook is located just north of the Aquinnah
Shops. From this vantage point, a better view toward the Project
area can be achieved than from the Gay Head Lighthouse, due to
the increased elevation and ability to see across Aquinnah to the
WDA at the southeast; however, the landmass of Aquinnah creates
an obstruction. Only a partial view toward the WDA is possible and
as with the lighthouse, only the southwestern portion of the WDA
would the viewable, which is at the furthest distance from the
overlook.
Located in an area of dense tree growth ranging from 15-40-ft in
height, the area in and around State and National Register listed
Aquinnah Town Hall has no view toward the ocean or WDA due to
obstructing dense vegetation and topography.
The Aquinnah Cultural Center is located at the top of the Gay Head
Cliffs and provides a place for the Aquinnah Wampanoag Tribe of
Gay Head to preserve, interpret, and document the Aquinnah
Wampanoag self-defined history, culture, and contributions.
Philbin Beach is located off Moshup Trail near the clay cliffs on the
western portion of Martha’s Vineyard. It is open to Aquinnah
residents only.
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Table 3 - Visual Resource Inventory
22

23

Name
BarnHouse/SkiffMayhew-Vincent
House
Captain Samuel
Hancock House

Municipality
Chilmark

Resource Type
Ntl. Register of
Historic Places

Chilmark

Ntl. Register of
Historic Places
Public Rec, Ntl.
Register

Description
This historic barn complex dates to 1690 and is listed in the National
Register with a view to the WDA via the open fields on the southern
side of South Road from the property.
This home was constructed circa 1700 and has been determined
eligible for listing in the National Register by MHC.

Nantucket
24

Great Point
Lighthouse

Nantucket

25

Siasconset Golf Club

Nantucket

26

Low Beach Road

Nantucket

Low Beach Road is located at the southeastern corner of the island.
The road starts at the intersection of Morey Lane and Ocean
Avenue and terminates at Tom Nevers Pond. Few houses are on
the ocean side of the road and the road looks down to the ocean
past low scrub brush, dunes and grassed areas. Buildings in the
area largely consist of mid to late 20th century single-family
residences one to two and half stories in height. Due to the location
only an oblique view toward the WDA at the southwest is possible;
however, most buildings are oriented south to southeast, to take in
the full view of the water (if present).
Low Beach Road is located at the southeastern corner of the island.
The road starts at the intersection of Morey Lane and Ocean
Avenue and terminates at Tom Nevers Pond. Few houses are on
the ocean side of the road and the road looks down to the ocean
past low scrub brush, dunes and grassed areas. Buildings in the
area largely consist of mid to late 20th century single-family
residences one to two and half stories in height. Due to the location
only an oblique view toward the WDA at the southwest is possible;
however, most buildings are oriented south to southeast, to take in
the full view of the water (if present).

27

Low Beach

Nantucket

28

Tom Nevers Road

Nantucket

Low Beach located at the southeastern corner of the island. Only an
oblique view toward the WDA at the southwest is possible. The
beach has low dunes 4-6 ft in height and a mild grade down to the
water
Tom Nevers Road is bordered by mid to late 20th century two and a
half story homes set on large lots. The road is also bordered by
large hedges and trees planted to ensure privacy among the
residences. Only an oblique view toward the WDA at the southwest
is possible from this location.

29

Tom Nevers Field

Nantucket

Public
Recreation

Located at the northern end of the island is the Great Point
Lighthouse constructed in 1985 as a replacement for the original
19th-century lighthouse lost during a storm. Stones from the
original lighthouse were salvaged and reused in the replacement
built farther inland. View toward the WDA is possible between
Smith Point and Esther Island to the east and Tuckernuck Island to
the west.
Located at 260 Milestone Road (a main thoroughfare on the island)
the Siasconset Golf Club is located on a small rise and occupies an
area largely devoid of significant tree growth. The golf course can
be observed as far away as the Sankaty Head Lighthouse to the
northeast on Baxter Road as much of the area in between has been
cleared. No view toward the WDA can be obtained from this
location due to vegetation and topography.

Tom Nevers Field is located at the end of Tom Nevers Road. The
field is set back from the shoreline by dunes and a small bluff
roughly 10-12-ft in height. The immediate area is largely devoid of
trees and has low scrub brush and grassed areas. View southwest
toward the WDA is possible from this location.
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Table 3 - Visual Resource Inventory
30

Name
Surfside Road

Municipality
Nantucket

31

Miacomet Golf Club

Nantucket

32

Barrett’s Farm

Nantucket

33

Heller’s Way and
Hummock Pond
Road

Nantucket

34

Bartlet Farm Road

Nantucket

35

Washington Street
and Madaket Road

Nantucket

36

Massachusetts
Avenue Boat Launch

Nantucket

37

Eel Point

Nantucket

Resource Type

Description
Surfside Road runs north to south at the southern end of the island
in the village of Surfside. At its southern end, Surfside Road
intersects with Western Avenue running east to west, which has
early to mid-20th century residences along its south side with a
clear view of the ocean toward the WDA. Approximately 500-ft of
dunes, grassed areas and scrub brush are between the residences
and the beach. Residences on the northern side of Western Avenue
have their water views partially obstructed by neighboring
properties and their vegetation, but views toward the WDA are
possible.
Located at 12 West Miacomet Road, the Miacomet Golf Club has an
open course with small knolls and sporadic mature tree growth
approximately 25-30 ft in height. Despite the lack of significant
vegetation, a view of the ocean and WDA is obstructed due to the
rolling topography.

Historic
Resource

Public
Recreation

Located at 30 Bartlett Farm Road is Bartlett’s Farm, a 19th century
farm complex. As a farm the fields provide a wide open view of the
surrounding area. View toward the WDA and WDA is possible
through the fields. On nearby properties, existing treelines and
residential development obstruct the view of the WDA creating a
narrow inland view corridor at this location.
Hellers Way runs roughly east to west between Hummock Pond
Road and Walbang Avenue. At its southern end Hummock Pond
Road terminates at Cisco Beach with views toward the WDA. Cisco
beach has a small bluff approximately 10-ft in height. Vegetation in
the area consists of sporadic tree growth approximately 25-ft in
height along with shrubbery and grassed areas. Development in
this area consists of two and half story 20th century single-family
residences. The WDA view along the southern end of Hummock
Pond Road diminishes quickly, with a narrow view corridor along
Hummock Pond Road terminating after 243 Hummock Pond Road.
At the intersection of Hummock Pond Road and Hellers Way no
ocean view is possible
Barrett Farm Road originates at its northern end at Madaket Road.
The road is elevated originating just south of Trots Hills and has a
view overlooking Trots Swamp. There are few buildings along the
road and the area has dense vegetation with mature trees
approximately 25-35-ft in height. Due to the elevation and a gap in
vegetation, view to the WDA is possible at the northern end of the
road and again at the southern end of the road where a small rise
permits view over the dunes at the shoreline.
The village of Madaket largely consists of early to mid-20th century
residences one to two and a half stories in height. The village is
centered along Madaket Road with short intersecting streets off of
it. The area has sporadic mature tree growth 25-35 ft in height
along with shrubbery and grassed areas. From H Street northward a
view toward the WDA along Madaket Road is obstructed. Madaket
Beach at the terminus of Madaket Road has a clear view toward the
WDA.
Adjacent to Madaket is Smith Point with a dense cluster of early to
mid-20th century single family residences, one to two and a half
stories in height. This area also has a section of dense tree growth
35-40 ft in height. The boat launch is located on Madaket Harbor
and the view toward the WDA is obstructed by buildings,
topography, and vegetation.
At the north end of Madaket Harbor is Eel Point and the Eel Point
Marsh. Eel Point has large dunes 12-15 ft in height along with
grassed areas and scrub brush. From an elevated vantage point
atop a dune, view toward the WDA is obstructed as Smith Point and
Esther Island obstruct the view in the direction of the WDA.
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Table 3 - Visual Resource Inventory
38

Name
Madaket Beach

Municipality
Nantucket

Resource Type
Public
Recreation, Ntl.
Register
Properties Places
Public
Recreation

39

Cisco Beach

Nantucket

40

Miacomet Beach and
Pond/Surfside
Beach/Nobadeer

Nantucket

Public
Recreation,
Historic
Resources

41

Nantucket
Conservation
Foundation;
Maequcham

Nantucket

Open Space
Conservation,
Public
Recreation

Description
Madaket Beach is a natural and recreational resource. Additionally
the beach is located in the historic village of Madaket and a
simulation from this viewpoint will also serve to assess effects on
nearby historic properties.
Cisco Beach is an important natural and recreational resource.
Additionally, the beach is located in the village of Cisco and a
simulation from this viewpoint will also serve to assess effects on
nearby properties.
These locations are important natural and recreational resource.
Additionally, the beach is located in the historic village of Surfside
and a simulation from this viewpoint will also serve to assess effects
on nearby historic properties. Each of the three beaches in Surfside:
Miacomet, Surfside and Nobdeer have different orientations due to
the coastline and simulations will vary from each
The Nantucket Conservation Foundation is a nonprofit conservation
organization that protects land on Nantucket. The area is divided
into 210 property parcels dispersed over the island. A few of the
areas (Sanford Farm/Ram Pasture/The Woods, Head of the Plains,
Cisco, and Madequecham) are on the south side of Nantucket and
include views of the ocean.

Cape Cod
42

Popponesset Beach

Mashpee

Public
Recreation

43

Dowses Beach

Barnstable

Public
Recreation

44

Kalmus Beach

Barnstable

Public
Recreation

45

Hyannis/Nantucket
Ferry

Nantucket
Sound

NA

This location on Nantucket Sound is near the Popponesset Inn
Beach Area (MHC# MAS.F) and represents the southernmost
historic resource (closest to WDA) on Cape Cod.
This location at the confluence of East Bay and Centerville Harbor is
adjacent the Wianno National Register Historic District (MHC#
BRN.J). Additionally, it is at a similar latitude / distance to WDA as
the majority of the historic resources on Cape Cod within the
proposed APE.
This location at the confluence of Lewis Bay and Nantucket Sound is
adjacent the Wianno National Register Historic District (MHC#
BRN.J). Additionally, it is at similar latitude / distance to WDA as
BRN.E the Hyannis Port Historic District.
The Nantucket Ferry route is highly used as the main transportation
link to the mainland.

5.1 Selection of Key Observation Points
Although the possibility of Project views exists throughout the oceanfront area, key observation
points (“KOPs”) were selected from which a more detailed analysis was conducted. Selection
criteria included:
 Geographic distribution, including landside receptors along both the Martha’s Vineyard
and Nantucket coastlines, As well as representative locations on Cape Cod. On Martha’s
Vineyard and Nantucket, KOPs were selected at the nearest vantage point to the WDA,
as well multiple locations mid-coast and near the farthest extent of each island where
visibility the proposed APE is possible.
 Relative importance of public vantage points, such as recreational, cultural. and
aesthetic resources designated or protected as a matter of public policy;
 Views from higher elevations along shoreline bluffs; and
 Level of viewer exposure, based on the relative number or frequency of viewers.
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Selected KOPs are listed in Table 4 - Summary of Key Observation Points .
To show anticipated visual changes associated with the Project, high resolution computer
enhanced image processing was used to create realistic photographic simulations of the
completed Project from 20 KOPs on Martha’s Vineyard, Nantucket, and Cape Cod.
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Table 4 - Summary of Key Observation Points
Map
ID
1

Background

Distance to
nearest WTG
38.7km (24.0mi)

View
Orientation
Southeast

Tourists,
Vacationers,

Background

38.6km (23.9mi)

Southeast

Coastal Bluffs

Tourists,
Vacationers,

Background

38.5km (23.9mi)

Southeast

Recreation,
Historic Resources

Ocean Beach

Background

32.2km (20.0mi)

Southeast

Chilmark

Recreation,
Historic Resources

Ocean Beach,
Coastal Dunes

Background

31.5km (19.5mi)

Southeast

BarnHouse/Skiff-MayhewVincent House

Chilmark

NRHP

Agricultural/Open Field

Residents,
Vacationers,
Recreational
Residents,
Vacationers,
Recreational
Residents
Tourists

Background

31.8km (19.7mi)

Southeast

7

Long Point Beach

West Tisbury

Southeast

Edgartown

Background

24.3km (15.1mi)

South

9

Chappy Point, Gardner
Beach

Chappaquiddick

Recreation,
Near NRHP District

Village/Town Center

Background

28.2km (17.5mi)

South

10

Wasque Reservation

Chappaquiddick

Recreation
Open Space Conservation

Background

23.7km (14.7mi)

South

11

Madaket Beach

Nantucket

Recreation,
Historic Resources

24.0km (14.9mi)

Southwest

Cisco Beach

Nantucket

Recreation

Background

25.3km (15.7mi)

Southwest

13

Barrett’s Farm

Nantucket

Historic Resources

Residents
Vacationers,
Recreational
Residents,
Vacationers,
Recreational
Residents,
Tourists
Vacationers

Background

12

Ocean Beach,
Coastal Bluffs,
Forest
Ocean Beach,
Coastal Dunes
Shoreline Residential
Ocean Beach,
Coastal Dunes,
Salt Pond/Tidal Marsh
Agricultural/Open Field

Residents,
Vacationers,
Recreational
Residents,
Vacationers,
Tourists,
Recreational
Residents,
Tourists,
Vacationers,
Recreational
Vacationers,
Recreational

27.7km (17.2mi)

South Beach

Ocean Beach,
Coastal Dunes,
Salt Pond/Tidal Marsh
Ocean Beach
Coastal Dunes

Background

8

Wildlife Refuge,
Recreation,
Historic Resources
Recreation

Background

26.9km (16.7mi)

West Southwest

Name

Municipality

Resource Type

Landscape Unit

Viewer Groups

Gay Head Cliffs Overlook

Aquinnah

NNL
NRHP

Coastal Bluffs

Tourists,
Vacationers

2

Gay Head Lighthouse

Aquinnah

NNL
NRHP

Coastal Bluffs

3

Aquinnah Cultural Center

Aquinnah

NNL
NRHP

4

Squibnocket Beach

Aquinnah

5

Lucy Vincent Beach

6

Distance Zone
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Table 4 - Summary of Key Observation Points
Map
ID
14

Name

Municipality

Resource Type

Landscape Unit

Viewer Groups

Miacomet Beach and Pond

Nantucket

Recreation,
Historic Resources

15

Surfside Beach

Nantucket

Recreation,
Historic Resources

Ocean Beach,
Coastal Dunes,
Salt Pond/Tidal Marsh
Ocean Beach,
Coastal Dunes

16

Nobadeer Beach Pond Road

Nantucket

Recreation,
Historic Resources

Ocean Beach,
Coastal Dunes

17

Tom Nevers Field

Nantucket

Recreation

18

Great Point Lighthouse

Nantucket

NRHP,
Recreation

Coastal Bluffs,
Coastal Scrub
Maintained Recreation
Ocean Beach,
Coastal Dunes

19

Rock Landing

Mashpee

Recreation,
NRHP

Ocean Beach,
Coastal Bluffs

20

Dowses Beach

Barnstable

Recreation,
NRHP

Ocean Beach,
Coastal Dunes

Residents,
Vacationers,
Recreational
Residents,
Vacationers,
Recreational
Residents,
Vacationers,
Recreational
Residents,
Vacationers,
Recreational
Tourists,
Vacationers,
Recreational
Residents,
Vacationers,
Recreational
Residents,
Vacationers,
Recreational

Distance Zone
Background

Distance to
nearest WTG
27.0km (16.7mi)

View
Orientation
West Southwest

Background

28.5km (17.7mi)

West Southwest

Background

29.8km (18.5mi)

West Southwest

Background

34.5km (21.4mi)

West Southwest

Background

42.4km (26.3mi)

Southwest

Background

47.3km (29.4mi)

South

Background

54.1km (33.6mi)

South
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5.2 Baseline Photography
Between October 17 and October 21, 2017 a visual analyst visited all of the potentially affected
visual resources identified for photo simulation in the report titled “Historic Properties Visual
Impact Assessment” (COP Appendix III-H.a) to document existing visibility in the direction of the
proposed WDA. All photographs were taken at 30 mega pixel (“MP”) resolution in
uncompressed “RAW” format using a tripod mounted Canon 5d Mark IV digital SLR camera (a
35mm sensor [full frame]). A 50mm (full frame) “normal” lens was used to most closely
approximate human perception of spatial relationships and scale in the landscape.
At each location, single frame photographs were taken in the direction of the Project with
careful attention to capture the left and right margin of the WDA within the photo frame. A
series of overlapping photographs were also taken for development of panoramic scenes
Panoramic photos were taken using a robotic tripod head and capture a scene measuring a
minimum of 124 degrees horizontally x 55 degrees vertically.
The location selected for each photograph is judged by the visual analyst to be the most
unobstructed and representative line-of-sight to the WDA from the subject resource. Effort
was made to take photographs in a front- or side-lit condition to maximize visual contrast while
also capturing a variety of lighting conditions. Due to the prevailing southerly exposure some
photographs were taken under front-lit conditions. These conditions accurately represent
variations in lighting conditions that will be commonly experienced at coastal locations at
different times of day.
The precise coordinates of each photo location was recorded in the field using a handheld
Global Positioning System (“GPS”) unit with sub-meter accuracy. The direction to the center of
the WDA was determined using the hand held GPS. Survey flags were placed along the
identified bearing marking WDA field so that the camera could be accurately aimed to capture
the full spread of the WDA photo field-of-view.

5.3 Photographic Simulations
A photo simulation of the Project was prepared from each location identified in Table 4 Summary of Key Observation Points Photo simulations were developed by superimposing a
rendering of a three-dimensional computer model of the proposed Project into a base
photograph taken from each corresponding location. The three-dimensional computer model
for the simulations is based on the 106 turbine layout and was developed using Autodesk Civil
3D® and 3D Studio Max Design® software (3D Studio Max).
Simulated perspectives (camera views) were then matched to the corresponding base
photograph for each simulated view by replicating the precise coordinates of the field camera
position (as recorded by GPS) and the focal length of the camera lens used (e.g., 50mm).
Precisely matching these parameters assures scale accuracy between the base photograph and
the subsequent simulated view. The camera’s target position is set to match the bearing of the
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corresponding existing condition photograph. With the existing conditions photograph
displayed as a “viewport background,” and the viewport properties set to match the
photograph pixel dimensions, minor camera adjustments were made (horizontal and vertical
positioning, and camera roll) to align the horizon in the background photograph with the
corresponding features of the 3D model.
To verify the camera alignment, the GPS coordinates of the survey flags placed in the field to
identify the bearing to the center and left/right margins of the WDA were imported into the 3D
model. A 3D terrain model was also created (using DEM data) to replicate the existing site
topography. The bearing of the 3D model camera target was then rotated so that the survey
flags visible in the baseline photo aligned GPS points visible in the 3D model.
Once the camera alignment was verified, a to-scale 3D model of the proposed Project was
merged into the model space. Because the exact turbine model was not yet determined at the
time of this VIA, a hypothetical model was prepared (see Section 2.1.1). The 3D model of the
WTG and ESP is intended to accurately convey the current design intent. To the extent
practicable, and to the extent necessary, to reveal impacts, design details of the proposed
turbines were built into the 3D model and incorporated into the photo simulation.
Consequently, the scale, alignment, elevations and location of the visible elements of the
proposed facilities are true to the conceptual design.
Because of the extreme distance at which Project WTGs will be viewed development of photo
simulations must account for earth curvature and atmospheric refraction. To address this
issue, a spherical surface equal to 1.088 times the radius of the earth was created in 3D Studio
Max. All WTG model units were snapped to this surface for each specifically camera view.

5.3.1 Daytime Simulations
With the model in place, a daylight system is created based on the date and time of the
photograph; inputs such as time zone and location are also applied to the daylight system. To
accurately depict "reflected light" the spherical earth surface model element was assigned a
gray-blue color and turned on allowing upward light refraction to affect the rendering model
elements.
The rendered view was then imported into the baseline photo in Adobe Photoshop software for
overlay. In addition, minor adjustments to the WTG color and contrast to match the lighting
conditions of the baseline so that the final rendering appears as realistic as possible.

5.3.2 Panoramic Simulations
Panorama views from four KOPs were created by stitching overlapping photographs together
using PTGui® photo stitch software. Project renderings prepared for corresponding singleframe photo simulations were copied into the panorama image and aligned to match visible
elements in the base line photo. Panorama images create a visible frame measuring 124
degrees by 55 degrees vertically to approximate the primary human field-of-view (BOEM,
2015).
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5.3.3 Nighttime Simulations
A supplemental animated video simulation will be provided to illustrate the frequency,
approximate intensity and visual character of FAA aviation obstruction lighting.

5.3.4 Viewing Photo Simulations
Arms Length Rule – The single frame photo simulations included in Appendix A have been
formatted to be printed on an 11”x17” page format. At this image size, the page should be held
at approximately arms length2 so that the scene appears at the correct scale. Viewing the
image closer would make the scene appear too large, and viewing the image from a greater
distance would make the scene appear too small compared to what an observer would actually
see in the field.
For viewing photo simulations at other page sizes (i.e., computer monitor, projected image or
other hard copy output) the viewing distance/page width ratio is approximately 1.5/1. For
example, if the simulation were viewed on a 42 inch wide poster size enlargement, the correct
viewing distance would be approximately 63 inches (5.25 ft).
Panoramic simulations included in Appendix B are provided as reference to illustrate the
complete visual context of the viewpoint. At 11x 17 inch page format the images cannot be
viewed at a scale that represents a correct scale relative to normal human eyesight. These
images should be printed at 73 x 38 inches and viewed at a distance of 20 inches for the scene
to appear at the correct scale.
Monitor Calibration – Uncalibrated computer monitors vary brightness and color clarity. Photo
simulations were finalized using a color calibrated monitor. When viewing these simulations
digitally monitor calibration is recommended to assure images appear with the intended
brightness, contrast and color clarity.
Field Viewing – The photo simulations present an accurate depiction of the appearance of
proposed WTGs suitable for a general understanding of how much of the Project is visible, as
well as the character of Project visibility. However, these images are a two-dimensional
representation of a three-dimensional landscape. The human eye is capable of recognizing a
greater level of detail than can be illustrated in a two-dimensional image. Decision makers and
interested parties may benefit from viewing the photo simulations in the field from any or all of
the simulated resources. In this manner, observers can directly compare the level of detail
visible in the base photograph with actual field observed conditions.

2

Viewing distance is calculated based a 39.6-degree field-of-view for the 50mm camera lens used, and the 15.5
inch wide image presented in Appendix A. “Arm’s length” is assumed to be approximately 22.5 inches from the
eye. Arm lengths vary for individual viewers.
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POTENTIAL VISUAL IMPACTS OF THE PROJECT

6.1 Construction and Installation 3
Visual impact during construction would be limited to vessels working out in the Atlantic Ocean
and travelling back and forth between mainland ports. Construction of the proposed WTGs and
ESPs will require use of jack-up barges with mobile cranes and other large construction vessels.
Project components will be delivered in sections via large watercraft. Construction-related
visual impacts will be relatively brief and are not expected to result in adverse prolonged visual
impact.
The larger construction vessels would be a visible feature within the proposed APE. Most
construction is expected to occur during daylight hours. However, construction vessels would
have nighttime lights in accordance with USGC regulations. During dawn and dusk periods,
particularly on cloudy days, work lights may be required for worker safety as well as to improve
visibility on construction vessels. Work lights are generally downward directed and would not
typically be oriented horizontally where visibility on shore would be increased.
Visual impacts associated with construction and installation would be limited to construction
equipment and partially built structures depending on phase of construction. Such impacts in
general would be minor as construction equipment would only be in use temporarily during the
construction and decommissioning periods.

6.2 Operation and Maintenance
The Project is located more than 23.7 km (14.7 mi) from the nearest vantage point on land and
thus would appear in the far background distance zone. In this area, objects appear smaller
than in the foreground or mid-ground distance zone. In the background distance zone
landscape elements lose detail and become less distinct. Atmospheric perspective changes
colors to blue-grays, while surface texture characteristics are lost. As an observer moves
farther and farther from an object, the smaller the object appears. Beyond a certain distance,
depending upon the size and degree of contrast between the object and its surroundings, the
object may not be a point of interest for most people. At distances beyond 15 miles,
movement is not readily discernible, curvature of the earth becomes a factor in visibility, and
objects become less prominent in the overall landscape due to their relative size, occupation of
the horizon and deterioration of visibility due to atmospheric conditions.
Visual impacts would result from the introduction of the numerous vertical lines of the WTGs
into a strongly horizontal landscape defined by the horizon line at sea. The visible structures
would potentially produce visual contrasts by virtue of their design attributes (form, color, and
line) and by virtue of the reflectivity of their surfaces and resulting glare. Objects on or near the
horizon tend to draw visual focus, particularly if they break the horizon line. Frontlighting of the
turbines would generally increase perceived impact by heightening contrast between the WTG
and the background, while backlighting would increase contrast at sunrise and sunset by
3

Refer to COP Volume I, Section 4.2 for further information concerning construction and installation.
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silhouetting the WTGs against the bright sky. Visible rotor movement could attract visual
attention as well. This effect could be noticeable at distances of about 10 to 15 km (6.2 to 9.3
mi). Despite their relatively low profile, ESPs will be visible from shore. Their form and
geometry will contrast with the WTGs (BOEM, 2007).
For offshore viewers, potential visual impacts could be much greater than for onshore viewers,
because boats could closely approach or potentially move through an offshore wind facility. In a
close approach, the very large form and strong geometric lines of both the individual WTGs and
the array of WTGs could dominate views, and the large sweep of the moving rotors would
command visual attention. Structural details, such as surface textures, could become apparent,
and the ESPs could be visible as well, as could strong specular reflections from the towers and
moving rotor blades (BOEM, 2007).
The following describes the compatibility of the proposed Project with regional landscape
patterns within which it is contained and viewed. This evaluation is based on views depicted in
the visual simulations provided in Appendix A and B.
Form – The form of the regional landscape within the proposed APE is comprised of the Atlantic
Ocean, the coastline, and upland portions of Martha’s Vineyard and Nantucket. The patterns of
the open water are temporal, changing with wind, sun angle, cloud cover, and other factors
that affect the texture and colors of the surface. Visible shorelines (mainland and islands) may
vary from a subtle linear form low on the horizon to a low undulating landform where the
coastline recedes into the distance. The horizontal layering of the water and sky is visually
appealing and draws viewer’s attention.
The Project will be comprised of up to 106 thin tapered vertical structures topped with rotating
blades viewed at great distance over the expanse of ocean. Although the Project is relatively
small within this context, the introduction of man-made and kinetic structures can, depending
on distance and meteorological conditions, create a minor visual contrast in the horizontal form
of planar expanse of the ocean and sky.
Line – A WTG in a typical seascape could introduce a vertical line that would contrast with the
horizon line of the horizon and would introduce a geometrical manmade element into a natural
landscape. However, the main concerns related to visual impacts of WTGs would be those
presented by the foundation and nacelle (the widest and most substantial portions of the WTG
rather than the relatively slender tower and rotor.
From all coastal vantage points WTGs appear low on the distant horizon and are difficult to
perceive. At distances greater 23 km (14 mi) WTGs appear as a distant field of fine vertical
lines. When detectable, the somewhat regular vertical form of up to 106 tubular style
monopole towers will contrast with the horizontal form of the water/sky horizon.
Color – The neutral off-white color of the turbine tower, nacelle and blades will always be
viewed against the background sky. Under these conditions the WTGs will be highly compatible
with the hue, saturation and brightness of the landscape. When the WTGs are backlit (side
facing viewer is in shade) the degree of visual contrast is heightened and thus somewhat less
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compatible with the background sky than if viewed in a more illuminated front- or side-lit
condition. Color contrast decreases as distance increases. Color contrast will diminish or
disappear completely during periods of haze, fog or precipitation.
Texture – The ocean is generally perceived as a broad expanse of dark open water that spans
the view, and a sky that features a dynamic mix of partially illuminated cloud formations. The
texture of the open water viewed out to the horizon is smooth.
Tubular style monopole towers have been specifically selected, instead of skeletal (or lattice)
frame towers, to minimize textural contrast and provide a more simple, visually appealing form.
Scale/Spatial Dominance – The proposed wind turbines will be the tallest visible elements on
the horizon, albeit at great distance. From most foreground and mid-ground vantage points
(from vessels on the ocean), the proposed turbines will be perceived as a highly dominant visual
element. When viewed from far background vantage points, the turbines perceived scale and
spatial dominance are considerably reduced. Even when visible under clear atmospheric
conditions, the Project will be visually subordinate to the expansive Atlantic Ocean.
With regard to scale, exclusive of the effect of earth curvature and meteorological visibility, a
broadside view of a WTG at a distance of 23.7 km (14.7 mi) would measure only 0.021 degrees
horizontally on the horizon and 0.27 degrees vertically to nacelle height. This is roughly
equivalent to viewing a pencil at a distance of about 30 m (100 ft). Similarly with a maximum
width of 17 ft the blade would measure only 0.013 degrees horizontally. This is roughly
equivalent to the width of a coffee straw viewed at 30 m (100 ft).

6.2.1 Nighttime Lighting
FAA aviation obstruction lights will be mounted on top of the nacelle of each constructed WTG
and the ESPs. These lights will be visible from all coastal locations where daytime views of WTG
nacelles occur. Inland views are typically screened by dunes, low hills, and existing vegetation.
When visible from inland locations, views will include existing coastal light sources including
residential light sources, streetlights and vehicle headlights.
The introduction of lights in the night sky will be noticeable from beach areas and coastal bluffs.
The contrast of aviation obstruction lights in the night sky may be appreciable in the dark
setting of the Martha’s Vineyard and Nantucket shoreline where few man-made light sources
currently exist. Viewer attention will be drawn by the slow flashing of the red lights.
Project visibility will be most noticeable from beachfront areas. Recreational beaches are
primarily visited during daytime hours minimizing the number of affected viewers.
The impact of FAA lighting is substantially limited by the distance of the Project from vantage
points. At greater than 23 km (14 mi) aviation obstruction lights will be visible very low on the
horizon and will appear to shimmer and vary in intensity due to the slow flash rate, intermittent
shadowing as rotating blades pass in front of the light source, and atmospheric variations.
Visibility can be frequently reduced or blocked by fog, snow, particulate matter, smog or any
combination of thereof. Alternative lighting schemes are being assessed for usability. These
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include but are not limited to weather dependent light intensities, radar activated lighting, and
other potential future advancements in technology.
USCG navigation warning lights will be mounted near the top of the foundation on each WTG
and ESP. This lighting is very low level and is only designed to be visible up to 2.5 nm. The
nearest coastal vantage point will be just over 23 km (14 mi). From many vantage points the
USCG navigation warning lights will fall over the visible horizon. When not screened by the
horizon these low intensity lights, generally visible to mariners up to a distance of up to 2.5 nm,
would be relatively inconspicuous to observers from coastal vantage points (BOEM, 2007).

6.2.2 Decommissioning Impacts
Decommissioning of a wind energy Project would involve the dismantling and removal of
infrastructure associated with each WTG; the removal of ESPs, their foundations, scour
protection devices, and transmission cables; and the shipment of these materials to shore for
reuse, recycling, or disposal (see Section 3.5.5). In terms of expected visual impacts,
decommissioning activities would be similar to construction activities; however, activities would
generally proceed in reverse order from construction, and would proceed more quickly than
construction, thus the associated impacts would last for a shorter time. During
decommissioning, WTGs and associated offshore facilities and equipment would be removed to
below the waterline, the wind facility site would be returned to preconstruction condition;
however, as noted above, impacts associated with any new or expanded permanent onshore
facilities resulting from wind facility development would remain (BOEM, 2007).
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MITIGATION

The sheer distance of the WDA from the nearest coastal vantage point – greater than 23 km (14
mi) - serves to minimize Project visibility from sensitive visual resources. Moreover, for a
project of this type mitigation options are limited due to the size and structural requirements of
WTGs, the number of WTGs necessary to meet energy production requirements, and their
location on an unscreened waterscape.
Visual Screening - Nearly all views occur from beachfront vantage points or elevated overlooks
where the existing landscape is highly scenic. Localized screening, such as berms, vegetative
barriers or fences would not be practical for screening miles of beach front views, or even
welcomed in places where such would block scenic vistas.
Design and Appearance - The WTGs are uniform in shape, color, size of rotor blades, nacelles,
and towers to minimize visual contrast. Tubular tower designs are similarly used throughout
and components are in proportion to one another. The design and appearance of the Project
are consistent best practices to minimize visual impact (BOEM, 2007).
Color Selection or Camouflage - Alternate color selection or camouflaging WTGs are unlikely to
reduce Project visibility. The white to light gray color selected for all WTG components is
designed to minimize contrast with the sky under most conditions. The yellow color of the
turbine foundation (required by the USCG) largely falls below the visible horizon and is nearly
undetectable from onshore viewpoints. No commercial/advertizing messages will be placed on
WTGs.
Fewer WTGs – The Project is designed to provide up to 800 MW of electricity. To reach this
output the Project may include the construction of up to 106 smaller eight MW WTGs, or 88
larger 10 MW WTGs. There is no clear advantage to using one alternative over the other with
regard to mitigating visual impact. Further reduction of the number or height of WTGs would
result in the Project failing to meet its purpose and need (refer to COP Volume ## Section ##).
Reduction in Night Lighting - Visual analysis demonstrates that the USCG warning lights will not
be visible from any land-based vantage point and is thus not an impact to be mitigated. FAA
warning lights on the turbines contribute to their visual impact. However, such lighting is
implemented as a safety measure, and cannot be eliminated. Lighting-related impacts can be
reduced by limiting turbine lighting to the minimum time duration allowable by the FAA. The
feasibility of radar activated FAA aviation obstruction lights is being explored. A radar activated
system would automatically turn on aviation obstruction lights when an aircraft is within range
and turn the lights off when the aircraft has safely departed the area. This technology would
substantially reduce the amount of time such lights would be visible.
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SUMMARY AND CONCLUSIONS

The WDA is just over 23km (14 mi) off the coasts of Martha’s Vineyard and Nantucket, MA. The
Project includes the construction of up to 106 WTGs and four ESPs within the WDA. The Project
is designed to provide up to 800 MW of electricity and has defined a range of turbine sizes that
may be used: from eight to 10 MW. If the eight MW WTGs are used, 106 positions will be
occupied; if the 10 MW WTGs are used, 88 positions will be occupied. The maximum height of
the WTGs considered for this Project will measure approximately 121 m (397 ft) above sea level
to the hub and 212 m (696 ft) to the blade tip at the apex of rotation.
The Project also includes up to four ESPs with a maximum width of 45 m (148 ft) and a
maximum length of 70 m (230 ft) and a maximum height of 66.5 m (218 ft) above water.
Consistent with current FAA and USCG guidance the Project will include two aviation
obstruction lights (L-864) on top of each nacelle and two amber navigation warning lights
mounted near the top of the foundation on each WTG approximately 19-23 m (62-75 ft) above
MLLW. Alternative lighting schemes are being assessed for usability. These include but are not
limited to weather dependent light intensities, radar activated lighting, and other potential
future advancements in technology.
Visual impacts are contingent on the distance from shore, earth curvature, and atmospheric
conditions that could screen some or all of the foundation, and portions of tower, nacelle, and
rotor depending on distance and viewer elevation. As shown in the visual simulations, the
widest portion of the WTG (foundation and deck) would be substantially below the visual
horizon and would not be visible for most WTGs from most KOPs. In addition, given the narrow
width of the tower and rotor combined with the distance from the viewpoints, these elements
of the WTG would be minimally discernible by the naked eye in the best visibility conditions (a
clear, low humidity day) and not detectable in haze or fog typical of this marine landscape.
Overall, visual impacts to onshore viewers of WTGs in daylight would be expected to be minor
A supplemental animated video simulation will be provided to illustrate the frequency,
approximate intensity and visual character of FAA aviation obstruction lights on top of each
nacelle. When turned on these lights would likely be discernible on clear nights from the
shoreline. Weather conditions such as fog, haze, clouds would greatly limit the visibility of the
WTGs and lighting from the shore. Therefore, the presence of a flashing light or lights on WTGs
and ESPs at night would result in minor impacts (BOEM, 2007).
Area of Potential Effect – The areas where WTG and ESPs may be seen include the southern
coastlines of Martha’s Vineyard and Nantucket and the open ocean surrounding the WDA. In
most circumstances, Project visibility is quickly screened from inland vantage points by coastal
topography and vegetation. Most views of the Project will be limited to immediate waterfront
locations. Few publicly accessible vantage points with views of the Atlantic Ocean were found
more than 1 km (0.6 mi) inland.
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The Project will be visible from beach front locations on Martha’s Vineyard between Gay Head
(38.6 km [24 mi] from the nearest WTG) and Chappaquiddick Island (23.7 km [14.7 mi]).
Similarly, the Project will be visible on Nantucket from beachfront locations between Madaket
(38.8 km [14.8 mi]) and Low Beach (38 km [23.6 mi]). Areas of visibility are also found on south
facing beaches and unvegetated inland areas on uninhabited Esther Island (22.7 km [14.1 mi]),
Tuckernuck Island (22.7 km [14.1 mi]), Muskeget Island (24.3 km [15.1 mi]), and Nomans Land
Island (38.8 km [14.8 mi]). Although a line-of-sight exists from the westernmost of the
Elizabeth Islands (Cuttyhunk and Nashawena), most of the landmass of these islands (50 km
[31.0 mi] from the nearest WTG) fall behind Martha’s Vineyard, substantially minimizing the
degree of potential visibility.
The southern shore of Cape Cod also has a line of sight to the WDA within the proposed APE.
The nearest land point to the WDA on Cape Cod is near Popponesset Beach in Mashpee, 46.3
km (28.8 mi) from the nearest WTG. A portion of the Cape within the proposed APE falls
behind Martha’s Vineyard substantially minimizing the degree of potential visibility in these
areas.
Locations within the Open Water/Ocean, Shoreline Beach, Shoreline Bluffs, Developed
Waterfront, Coastal Dunes, Shoreline Residential, Salt Pond/Tidal Marsh, Coastal Scrub,
Maintained Recreation Area, and Agricultural/Open Field Landscape Units will be impacted by
the Project, due to their proximity to the shoreline and/or lack of screening by vegetation and
topography. Field review identified several visually sensitive resources within these zones,
including historic sites, open space/wildlife conservation areas, public beaches, and recreation
areas that will have views of the Project. Additionally, shoreline vacation homes and private
residences which currently have ocean views will have distant views of the Project.
Greater numbers of tourists, vacationers and recreational users will be present in the coastal
area during the summer and on sunny days, when the weather is clear and warm as compared
to overcast, rainy or cold days. In addition, more recreational users will be present in the
coastal area on weekends and holidays than on weekdays. Fewer visitors spend time at
beachfront locations during the off-season.
Meteorological Visibility - Visibility is reduced by fog, snow, particulate matter, smog or any
combination of thereof, and is a part of normal atmospheric phenomena. Meteorological
analysis indicates that haze, fog, and other atmospheric conditions limit visibility to less than 10
nm (18.5 km [11.5 mi]) approximately 30% of the time on an annual basis. In general, views
greater than 10 nm are obscured more frequently during the summer - 30% of the time on
Martha’s Vineyard and nearly 40% of the time on Nantucket - when oceanfront vacation areas
are more heavily used. It is important to note that visibilities greater than 10 nm are still
reported as 10 nm. Therefore, given the nearest shoreline vantage point is 23.7 km (14.7 mi) it
is reasonable to conclude that the Project will be obscured from coastal vantage points more
frequently. In addition, the presence of sea spray and salts further affect visibility beyond what
is reported in meteorological data.
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Distance of Visibility – On Martha’s Vineyard and Nantucket, coastal vantage points for WTGs
within the WDA range from 23-47 km (14-29 mi). From Cape Cod, the closest location to the
WDA is 47.5 km (29.5 mi) at Popponesset Beach in Mashpee. All land-based vantage points are
in the far background distance zone where elements lose detail and become less distinct.
Atmospheric perspective changes colors to blue-grays, and surface texture characteristics are
lost.
At these extended distances, the curvature of the earth affects Project visibility. As distance
increases the portion of Project components (i.e., WTG and ESP) visible above the horizon
decreases exponentially. From the closest land point, (23 km [14 mi]) for a standing observer at
beach elevation (assume 2.7 m [9 ft] above sea level), the lower 22.5 m (74 ft) will fall below
the visible horizon. At 47 km (29.2 mi) the lower 109.5 m (359 ft) will be screened by the
horizon.
As an observer moves along the coast farther from the WDA, the smaller the WTGs will appear.
Beyond a certain distance, depending upon the size and degree of contrast between the object
and its surroundings, the object may cease to be a point of interest for most people or become
indistinguishable.
Exclusive of the effects of earth curvature and meteorological visibility, a broadside view of a
WTG at a distance of 23.7 km (14.7 mi) would measure only 0.021 degrees horizontally on the
horizon and 0.27 degrees vertically to nacelle height). This is roughly equivalent to viewing a
pencil at a distance of about 30 m (100 ft). Similarly, with a maximum width of 17 ft the blade
would measure only 0.013 degrees horizontally. This is roughly equivalent to the width of a
coffee straw viewed at 30 m (100 ft).
At 23.7 km (14.7 mi) and farther from shore, there is no land-based vantage point that will view
the entire WTG or ESP. Some portion of the structures will always fall below the visible horizon.
Because atmospheric haze reduces visibility, sometimes significantly, and the presence of
waves obscure objects very low on the horizon, maximum theoretical viewing distances
typically exceed what is experienced in reality. Furthermore, limits to human visual acuity
reduce the ability to discern objects at great distances, suggesting that a WTG or ESP may not
be discernible at the maximum distances, although they theoretically would be visible (BOEM,
2007).
Sullivan, in “Offshore Wind Turbine Visibility and Visual Impact Threshold Distances” (2013),
concludes small to moderately sized facilities were visible to the unaided eye at distances
greater than 42 km (26 mi), with turbine blade movement visible up to 39 km (24 mi). At night,
aerial hazard navigation lighting was visible at distances greater than 39 km (24 mi). The
observed wind facilities were judged to be a major focus of visual attention at distances up to
16 km (10 mi), were noticeable to casual observers at distances of almost 29 km (18 mi), and
were visible with extended or concentrated viewing at distances beyond 40 km (25 mi). The
proposed Project is larger in scale than the projects evaluated by Sullivan; however, these
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findings provide additional perspective concerning the effect of distance on human visibility of
offshore wind energy facilities and further support the conclusion that the proposed APE is
highly conservative.
For offshore viewers, potential visual impacts could be much greater than for onshore viewers,
because boats could approach or potentially move through the Project. In a close approach, the
very large form and strong geometric lines of both the individual WTGs and the array of WTGs
could dominate views, and the large sweep of the moving rotors would command visual
attention. Structural details, such as surface textures, could become apparent, and the ESPs
could be visible as well, as could strong specular reflections from the towers and moving rotor
blades (BOEM, 2007).
Visibility of Night Lighting – Night lighting may have an effect on residents and vacationers in
beachfront settings where they currently experience dark skies. While many residences enjoy
ocean views, most year-round and vacation homes within the proposed APE are located inland
where intervening landform and vegetation provide substantial or complete screening of the
ocean.
The impact of FAA lighting is substantially limited by the distance of the Project from coastal
vantage points. At the distance the Project will be seen aviation obstruction lights will be
visible very low on the horizon. Lights will appear to shimmer and vary in intensity due to the
slow flash rate, intermittent shadowing as rotating blades pass in front of the light source, and
atmospheric variations. Visibility will be frequently reduced or blocked by fog, snow,
particulate matter, smog or any combination of them. Alternative lighting schemes are being
assessed for usability. These include but are not limited to weather dependent light intensities,
radar activated lighting, and other potential future advancements in technology.
USCG navigation warning lights fall below the visible horizon from sea level vantage points
beyond 26 km (16.2 mi). Where a line-of-sight exists above the horizon these low intensity
lights would be relatively inconspicuous to observers from coastal vantage points (BOEM,
2007).
Human Perception - Public reaction to the Project is likely to be variable. Not all viewers see
wind turbines as having an adverse visual impact. While there is generally strong support for
wind power development, there are often local concerns relating to the aesthetics of planned
wind facilities. The perceptions of visual impacts associated with wind energy development
vary among potential viewers and may be positive or negative, and they can change over time,
in some cases possibly trending toward more positive perceptions after the installation of wind
energy facilities (BOEM, 2007).
Mitigation – The Project includes a number of measures that serve to reduce or mitigate visual
impact:
 The Project is located in the area identified by BOEM as suitable for offshore wind
power development and was sited away from shore to minimize visual impacts;
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 The location of the WDA more than 23 km (14 mi) offshore eliminates all foreground,
mid-ground, and even near background views from visually sensitive public resources
and population centers.
 When viewed from ground level vantage points the off-white color of the turbines
generally blends well with the sky at the horizon.
 The Project will utilize FAA warning lights with a narrow beam path (approximately 3
degrees) and the longest off-cycle permitted by the FAA. Consideration can be given to
the use of radar activated aviation obstruction lights in the future if approved by the
FAA for use at commercial off-shore wind energy facilities.
 USCG warning lights at the base of the towers will have a designed visual range of 2.5
nm. These lights are not likely to be discernible from coastal vantage points.
Overall, the Project would result in minimal change to landscape conditions for viewers along
the Martha’s Vineyard and Nantucket coastline. Viewers on the islands will have limited
visibility of the WTGs when weather conditions allow. However, at distances greater than 23
km (14 mi) and viewed within the context of the ocean that includes the vast expanse of water,
extended beach views and dunes, as well as the sights and sounds of breaking surf and wind,
the Project would likely be considered visually subordinate to the wider landscape. The Project
will be virtually undetectable from Cape Cod.
All offshore and onshore cables will be subsurface/buried and will not be visible. The power
grid connection will be constructed at an existing landside power substation. The proposed
improvements will be consistent in scale and visual character with the existing electric
substation resulting in no new visual impact.
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SIMULATED VIEW
This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.
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Gay Head Lighthouse

Town of Aquinnah, Martha’s Vineyard Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.
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Aquinnah Cultural Center
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This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.
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and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.
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Figure 3c

Aquinnah Cultural Center

Town of Aquinnah, Martha’s Vineyard Island, MA

This visualization incorporates a simulated haze condition that reduces visibility of the WTGs to
approximately 50%.
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Figure 3d

Aquinnah Cultural Center

Town of Aquinnah, Martha’s Vineyard Island, MA

This visualization incorporates a simulated haze condition that substantialy masks visibility of
the WTGs.
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Viewer Groups

Residents,
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Squibnocket Beach

Wind
Development
Area

Camera Data
Date / Time

18-Oct-2017/16:35

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°19’09.213”N

Longitude:

70°45’52.597”W

Elevation(±):

3.0 m (10 ft)

Nearest Turbine: 32.2 km (20.0 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

151 m (496 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 4b

Squibnocket Beach

Town of Chilmark, Martha’s Vineyard Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Lucy Vincent Beach

Wind
Development
Area

Camera Data
Date / Time

18-Oct-2017/17:35

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°20’20.000”N

Longitude:

70°43’39.838”W

Elevation(±):

3.7 m (12 ft)

Nearest Turbine: 31.5 km (19.5 mi)

Visual Setting

Figure 5a

Lucy Vincent Beach

Town of Chilmark, Martha’s Vineyard Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Recreation, Historic Resources

Landscape Unit:

Ocean Beach,
Coastal Dunes

Viewer Groups

Residents,
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Lucy Vincent Beach

Wind
Development
Area

Camera Data
Date / Time

18-Oct-2017/17:35

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°20’20.000”N

Longitude:

70°43’39.838”W

Elevation(±):

3.7 m (12 ft)

Nearest Turbine: 31.5 km (19.5 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

156 m (513 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 5b

Lucy Vincent Beach

Town of Chilmark, Martha’s Vineyard Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Barn House/Skiff-MayhewVincent House

Wind
Development
Area

Camera Data
Date / Time

19-Oct-2017/11:35

Light Condition: Back Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°20’30.457”N

Longitude:

70°43’47.874”W

Elevation(±):

11.0 m (36 ft)

Nearest Turbine: 31.8 km (19.7 mi)

Visual Setting

Figure 6a

Barn House / Skiff-Mayhew-Vincent House
Town of Chilmark, Martha’s Vineyard Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

NRHP

Landscape Unit:

Coastal Bluffs

Viewer Groups

Residents
Tourists

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Barn House/Skiff-MayhewVincent House

Wind
Development
Area

Camera Data
Date / Time

19-Oct-2017/11:35

Light Condition: Back Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°20’30.457”N

Longitude:

70°43’47.874”W

Elevation(±):

11.0 m (36 ft)

Nearest Turbine: 31.8 km (19.7 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

171 m (561 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 6b

Barn House / Skiff-Mayhew-Vincent House
Town of Chilmark, Martha’s Vineyard Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Long Point Beach

Wind
Development
Area

Camera Data
Date / Time

18-Oct-2017/10:11

Light Condition: Back Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°20’54.534”N

Longitude:

70°38’19.520”W

Elevation(±):

6.1 m (20 ft)

Nearest Turbine: 27.7 km (17.2 mi)

Visual Setting

Figure 7a

Long Point Beach

Town of West Tisbury, Martha’s Vineyard Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Wildlife Refuge,
Recreation,
Historic Resources

Landscape Unit:

Ocean Beach,
Coastal Dunes,
Salt Pond/Tidal
Marsh

Viewer Groups

Residents,
Vacationers,
Recreational

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Long Point Beach

Wind
Development
Area

Camera Data
Date / Time

18-Oct-2017/10:11

Light Condition: Back Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°20’54.534”N

Longitude:

70°38’19.520”W

Elevation(±):

6.1 m (20 ft)

Nearest Turbine: 27.7 km (17.2 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

173 m (567 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 7b

Long Point Beach

Town of West Tisbury, Martha’s Vineyard Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

South Beach

Wind
Development
Area

Camera Data
Date / Time

18-Oct-2017/8:48

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 20’ 59.547”N

Longitude:

70° 31’ 48.791”W

Elevation(±):

4.6 m (15 ft)

Nearest Turbine: 24.3 km (15.1 mi)

Visual Setting

Figure 8a

South Beach

Town of Edgartown, Martha’s Vineyard Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Recreation

Landscape Unit:

Ocean Beach,
Coastal Dunes

Viewer Groups

Residents,
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

South Beach

Wind
Development
Area

Camera Data
Date / Time

18-Oct-2017/8:48

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 20’ 59.547”N

Longitude:

70° 31’ 48.791”W

Elevation(±):

4.6 m (15 ft)

Nearest Turbine: 24.3 km (15.1 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

177 m (582 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 8b

South Beach

Town of Edgartown, Martha’s Vineyard Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

South Beach

Wind
Development
Area

Camera Data
Date / Time

18-Oct-2017/8:48

Light Condition: Side Light/Haze
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 20’ 59.547”N

Longitude:

70° 31’ 48.791”W

Elevation(±):

4.6 m (15 ft)

Nearest Turbine: 24.3 km (15.1 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

177 m (582 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW - MODERATE HAZE

Figure 8c

South Beach

Town of Edgartown, Martha’s Vineyard Island, MA

This visualization incorporates a simulated haze condition that reduces visibility of the WTGs to
approximately 50%.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

South Beach

Wind
Development
Area

Camera Data
Date / Time

18-Oct-2017/8:48

Light Condition: Side Light/Haze
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 20’ 59.547”N

Longitude:

70° 31’ 48.791”W

Elevation(±):

4.6 m (15 ft)

Nearest Turbine: 24.3 km (15.1 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

177 m (582 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW - HEAVY HAZE

Figure 8d

South Beach

Town of Edgartown, Martha’s Vineyard Island, MA

This visualization incorporates a simulated haze condition that substantialy masks visibility of
the WTGs.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Chappy Point, Gardner Beach

Wind
Development
Area

Camera Data
Date / Time

19-Oct-2017/9:36

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 23’ 18.903”N

Longitude:

70° 30’ 30.120”W

Elevation(±):

2.4 m (8 ft)

Nearest Turbine: 28.2 km (17.5 mi)

Visual Setting

Figure 9a

Chappy Point, Gardner Beach

Town of Edgartown, Martha’s Vineyard Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Recreation,
Near NRHP
District

Landscape Unit:

Village/Town
Center

Viewer Groups

Residents,
Tourists,
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Chappy Point, Gardner Beach

Wind
Development
Area

Camera Data
Date / Time

19-Oct-2017/9:36

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 23’ 18.903”N

Longitude:

70° 30’ 30.120”W

Elevation(±):

2.4 m (8 ft)

Nearest Turbine: 28.2 km (17.5 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

162 m (532 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 9b

Chappy Point, Gardner Beach

Town of Edgartown, Martha’s Vineyard Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Wasque Reservation

Wind
Development
Area

Camera Data
Date / Time

19-Oct-2017/8:40

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 21’ 05.109”N

Longitude:

70° 27’ 17.701”W

Elevation(±):

10.7 m (35 ft)

Nearest Turbine: 23.7 km (14.7 mi)

Visual Setting

Figure 10a

Wasque Reservation

Town of Edgartown, Martha’s Vineyard Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Recreation,
Open Space
Conservation

Landscape Unit:

Ocean Beach,
Coastal Bluffs,
Forest

Viewer Groups

Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Wasque Reservation

Wind
Development
Area

Camera Data
Date / Time

19-Oct-2017/8:40

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 21’ 05.109”N

Longitude:

70° 27’ 17.701”W

Elevation(±):

10.7 m (35 ft)

Nearest Turbine: 23.7 km (14.7 mi)

Visible Portion of Turbine
194.5m (638ft)
Blade Tip Height

167m

(548ft)Rotor Di

a m.

183 m (602 ft)

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 10b

Wasque Reservation

Town of Edgartown, Martha’s Vineyard Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Madaket Beach

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/7:50

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 16’ 12.833”N

Longitude:

70° 12’ 05.262”W

Elevation(±):

7.3 m (24 ft)

Nearest Turbine: 24.0 km (14.9 mi)

Visual Setting

Figure 11a

Madaket Beach

Town of Nantucket, Nantucket Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Recreation,
Historic Resources

Landscape Unit:

Ocean Beach,
Coastal Dunes
Shoreline Residential

Viewer Groups

Residents
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Madaket Beach

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/7:50

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 16’ 12.833”N

Longitude:

70° 12’ 05.262”W

Elevation(±):

7.3 m (24 ft)

Nearest Turbine: 24.0 km (14.9 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

183 m (599 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 11b

Madaket Beach

Town of Nantucket, Nantucket Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Madaket Beach

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/7:50

Light Condition: Side Light/Haze
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 16’ 12.833”N

Longitude:

70° 12’ 05.262”W

Elevation(±):

7.3 m (24 ft)

Nearest Turbine: 24.0 km (14.9 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

183 m (599 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW - MODERATE HAZE

Figure 11c

Madaket Beach

Town of Nantucket, Nantucket Island, MA

This visualization incorporates a simulated haze condition that reduces visibility of the WTGs to
approximately 50%.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Madaket Beach

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/7:50

Light Condition: Side Light/Haze
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 16’ 12.833”N

Longitude:

70° 12’ 05.262”W

Elevation(±):

7.3 m (24 ft)

Nearest Turbine: 24.0 km (14.9 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

183 m (599 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW - HEAVY HAZE

Figure 11d

Madaket Beach

Town of Nantucket, Nantucket Island, MA

This visualization incorporates a simulated haze condition that substantialy masks visibility of
the WTGs.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Cisco Beach
Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/8:59

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 15’ 07.545”N

Longitude:

70° 09’ 09.227”W

Elevation(±):

3.7 m (12 ft)

Nearest Turbine: 25.3 km (15.7 mi)

Visual Setting

Figure 12a

Cisco Beach

Town of Nantucket, Nantucket Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Recreation

Landscape Unit:

Ocean Beach,
Coastal Dunes,
Salt Pond/Tidal
Marsh

Viewer Groups

Residents
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Cisco Beach
Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/8:59

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 15’ 07.545”N

Longitude:

70° 09’ 09.227”W

Elevation(±):

3.7 m (12 ft)

Nearest Turbine: 25.3 km (15.7 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

173 m (569 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 12b

Cisco Beach

Town of Nantucket, Nantucket Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Bartletts Farm

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/11:05

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 15’ 23.806”N

Longitude:

70° 07’ 56.236”W

Elevation(±):

10.7 m (35 ft)

Nearest Turbine: 26.9 km (16.7 mi)

Visual Setting

Figure 13a

Bartletts Farm

Town of Nantucket, Nantucket Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Historic Resources

Landscape Unit:

Agricultural/Open
Field

Viewer Groups

Residents,
Tourists
Vacationers

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Bartletts Farm

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/11:05

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 15’ 23.806”N

Longitude:

70° 07’ 56.236”W

Elevation(±):

10.7 m (35 ft)

Nearest Turbine: 26.9 km (16.7 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

181 m (594 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 13b

Bartletts Farm

Town of Nantucket, Nantucket Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Miacomet Beach
and Pond

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/10:17

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 14’ 34.724”N

Longitude:

70° 07’ 03.322”W

Elevation(±):

3.7 m (12 ft)

Nearest Turbine: 27.0 km (16.7 mi)

Visual Setting

Figure 14a

Miacomet Beach and Pond

Town of Nantucket, Nantucket Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Recreation,
Historic Resources

Landscape Unit:

Ocean Beach,
Coastal Dunes,
Salt Pond/Tidal
Marsh

Viewer Groups

Residents
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Miacomet Beach
and Pond

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/10:17

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 14’ 34.724”N

Longitude:

70° 07’ 03.322”W

Elevation(±):

3.7 m (12 ft)

Nearest Turbine: 27.0 km (16.7 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

169 m (556 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 14b

Miacomet Beach and Pond

Town of Nantucket, Nantucket Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Surfside Beach

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/12:00

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 14’ 34.260”N

Longitude:

70° 05’ 39.788”W

Elevation(±):

3.7 m (12 ft)

Nearest Turbine: 28.5 km (17.7 mi)

Visual Setting

Figure 15a

Surfside Beach

Town of Nantucket, Nantucket Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Recreation,
Historic Resources

Landscape Unit:

Ocean Beach,
Coastal Dunes,
Salt Pond/Tidal
Marsh

Viewer Groups

Residents
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Surfside Beach

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/12:00

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 14’ 34.260”N

Longitude:

70° 05’ 39.788”W

Elevation(±):

3.7 m (12 ft)

Nearest Turbine: 28.5 km (17.7 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

165 m (542 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 15b

Surfside Beach

Town of Nantucket, Nantucket Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Nobadeer Beach

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/13:12

Light Condition: Back Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 14’ 41.751”N

Longitude:

70° 04’ 41.337”W

Elevation(±):

6.1 m (20 ft)

Nearest Turbine: 29.8 km (18.5 mi)

Visual Setting

Figure 16a

Nobadeer Beach

Town of Nantucket, Nantucket Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Recreation,
Historic Resources

Landscape Unit:

Ocean Beach,
Coastal Dunes,
Salt Pond/Tidal
Marsh

Viewer Groups

Residents
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Nobadeer Beach

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/13:12

Light Condition: Back Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 14’ 41.751”N

Longitude:

70° 04’ 41.337”W

Elevation(±):

6.1 m (20 ft)

Nearest Turbine: 29.8 km (18.5 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

168 m (550 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 16b

Nobadeer Beach

Town of Nantucket, Nantucket Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Tom Nevers Field

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/14:45

Light Condition: Back Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 14’ 23.522”N

Longitude:

70° 00’ 33.675”W

Elevation(±):

16.8 m (55 ft)

Nearest Turbine: 34.5 km (21.4 mi)

Visual Setting

Figure 17a

Tom Nevers Field

Town of Nantucket, Nantucket Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Recreation

Landscape Unit:

Maintained Recreation,
Coastal Bluffs,
Coastal Scrub

Viewer Groups

Residents
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Tom Nevers Field

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/14:45

Light Condition: Back Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 14’ 23.522”N

Longitude:

70° 00’ 33.675”W

Elevation(±):

16.8 m (55 ft)

Nearest Turbine: 34.5 km (21.4 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

172 m (565 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

SIMULATED VIEW

Figure 17b

Tom Nevers Field

Town of Nantucket, Nantucket Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Great Point Lighthouse

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/16:43

Light Condition: Back Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 23’ 22.403”N

Longitude:

70° 03’ 02.137”W

Elevation(±):

2.7 m (9 ft)

Nearest Turbine: 42.4 km (26.3 mi)

Visual Setting

Figure 18a

Great Point Lighthouse

Town of Nantucket, Nantucket Island, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

NRHP,
Recreation

Landscape Unit:

Maintained Recreation,
Coastal Bluffs,
Coastal Scrub

Viewer Groups

Tourists,
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map

Great Point Lighthouse

Wind
Development
Area

Camera Data
Date / Time

20-Oct-2017/16:43

Light Condition: Back Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41° 23’ 22.403”N

Longitude:

70° 03’ 02.137”W

Elevation(±):

2.7 m (9 ft)

Nearest Turbine: 42.4 km (26.3 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.

109 m (358 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height
Horizon

SIMULATED VIEW

Figure 18b

Great Point Lighthouse

Town of Nantucket, Nantucket Island, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map
Popponesset Beach

Wind
Development
Area

Camera Data
Date / Time

21-Oct-2017/12:42

Light Condition: Back Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°33’48.364”N

Longitude:

70°28’16.211”W

Elevation(±):

2.4 m (8 ft)

Nearest Turbine: 47.3 km (29.4 mi)

Visual Setting

Figure 19a

Popponesset Beach

Town of Mashpee, Cape Cod, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Recreation

Landscape Unit:

Ocean Beach,
Coastal Bluffs

Viewer Groups

Residents,
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map
Popponesset Beach

Wind
Development
Area

Camera Data
Date / Time

21-Oct-2017/12:42

Light Condition: Back Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°33’48.364”N

Longitude:

70°28’16.211”W

Elevation(±):

2.4 m (8 ft)

Nearest Turbine: 47.3 km (29.4 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.
81 m (268 ft)

194.5m (638ft)
Blade Tip Height

111m (364ft)
Hub Height

Horizon

From this Figure the nearest turbine is located behind the land
mass of Martha’s Vineyard further reducing the visible portion
of the turbine.

SIMULATED VIEW

Figure 19b

Popponesset Beach

Town of Mashpee, Cape Cod, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map
Dowses Beach

Wind
Development
Area

Camera Data
Date / Time

17-Oct-2017/15:08

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°37’22.722”N

Longitude:

70°21’54.928”W

Elevation(±):

6.1 m (20 ft)

Nearest Turbine: 54.1 km (33.6 mi)

Visual Setting

Figure 20a

Dowses Beach

Town of Barnstable, Cape Cod, MA

EXISTING VIEW
The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Resource Type:

Recreation,
NRHP

Landscape Unit:

Ocean Beach,
Coastal Dunes

Viewer Groups

Residents,
Vacationers,
Recreational

Circumstances
of View:

Stationary

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map
Dowses Beach

Wind
Development
Area

Camera Data
Date / Time

17-Oct-2017/15:08

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°37’22.722”N

Longitude:

70°21’54.928”W

Elevation(±):

6.1 m (20 ft)

Nearest Turbine: 54.1 km (33.6 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.
63 m (208 ft)

194.5m (638ft)
Blade Tip Height

Horizon
111m (364ft)
Hub Height

SIMULATED VIEW

Figure 20b

Dowses Beach

Town of Barnstable, Cape Cod, MA

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map
Dowses Beach

Wind
Development
Area

Camera Data
Date / Time

17-Oct-2017/15:08

Light Condition: Side Light/Haze
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°37’22.722”N

Longitude:

70°21’54.928”W

Elevation(±):

6.1 m (20 ft)

Nearest Turbine: 54.1 km (33.6 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.
63 m (208 ft)

194.5m (638ft)
Blade Tip Height

Horizon
111m (364ft)
Hub Height

SIMULATED VIEW - MODERATE HAZE

Figure 20c

Dowses Beach

Town of Barnstable, Cape Cod, MA

This visualization incorporates a simulated haze condition that reduces visibility of the WTGs to
approximately 50%.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

VINEYARD
WIND PROJECT
Photographic
S i m u l a t i o n s
Photo Location Map
Dowses Beach

Wind
Development
Area

Camera Data
Date / Time

17-Oct-2017/15:08

Light Condition: Side Light/Haze
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Camera Location
Latitude:

41°37’22.722”N

Longitude:

70°21’54.928”W

Elevation(±):

6.1 m (20 ft)

Nearest Turbine: 54.1 km (33.6 mi)

Visible Portion of Turbine
167m

(548ft)Rotor Di

a m.
63 m (208 ft)

194.5m (638ft)
Blade Tip Height

Horizon
111m (364ft)
Hub Height

SIMULATED VIEW - HEAVY HAZE

Figure 20d

Dowses Beach

Town of Barnstable, Cape Cod, MA

This visualization incorporates a simulated haze condition that substantialy masks visibility of
the WTGs.

The above photograph is intended to be viewed 20 inches from the reader’s eye when printed on 11”x17” paper
and 13 inches from the reader’s eye when printed on 8 1/2” x 11” paper. Viewing on an uncalibrated video monitor can alter intended lightness, color and/or contrast of the image.

Appendix B
VISUAL SIMULATIONS – PANORAMA VIEWS

Aquinnah Cultural Center

Town of Aquinnah, Martha’s Vineyard Island, MA

VINEYARD
WIND PROJECT

Photographic
S i m u l a t i o n s

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.
Panoramic Image (124º x 55º) - This panoramic image approximates the full horizontal and
vertical field-of-view of normal human eyesight.

Camera Data

Camera Location

Date / Time

Latitude:

41°20’45.497”N

Longitude:

70°50’08.169”W

Elevation(±):

32.0 m (105 ft)

18-Oct-2017/14:53

Light Condition: Side Light
Camera:

Canon 5d Mark IV

Focal Length:

50mm (full frame)

Nearest Turbine: 38.5 km (23.9 mi)

Visible Portion of Turbine
194.5m (638ft)
Blade Tip Height

167m

(548ft)Rotor Di

a m.

111m (364ft)
Hub Height

176 m (579 ft)

Figure 1a

SIMULATED VIEW - DAYTIME VIEW
Panoramic Image
Horizon

South Beach

Town of Edgartown, Martha’s Vineyard Island, MA

VINEYARD
WIND PROJECT

Photographic
S i m u l a t i o n s

Panoramic Image (124º x 55º) - This panoramic image approximates the full horizontal and
vertical field-of-view of normal human eyesight.

Camera Data
Date / Time

Camera Location
18-Oct-2017/8:48

Latitude:

41° 20’ 59.547”N

Light Condition: Side Light

Longitude:

70° 31’ 48.791”W

Camera:

Canon 5d Mark IV

Elevation(±):

4.6 m (15 ft)

Focal Length:

50mm (full frame)

Nearest Turbine: 24.3 km (15.1 mi)

Visible Portion of Turbine
194.5m (638ft)
Blade Tip Height

167m

(548ft)Rotor Di

a m.

177 m (582 ft)

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

Figure 2a

111m (364ft)
Hub Height

SIMULATED VIEW - DAYTIME VIEW
Panoramic Image
Horizon

Madaket Beach

Town of Nantucket, Nantucket Island, MA

VINEYARD
WIND PROJECT

Photographic
S i m u l a t i o n s

Panoramic Image (124º x 55º) - This panoramic image approximates the full horizontal and
vertical field-of-view of normal human eyesight.

Camera Data

Camera Location
Latitude:

41° 16’ 12.833”N

Light Condition: Side Light

Longitude:

70° 12’ 05.262”W

Camera:

Canon 5d Mark IV

Elevation(±):

7.3 m (24 ft)

Focal Length:

50mm (full frame)

Nearest Turbine: 24.1 km (14.9 mi)

Date / Time

20-Oct-2017/7:50

Visible Portion of Turbine
194.5m (638ft)
Blade Tip Height

167m

(548ft)Rotor Di

a m.

183 m (599 ft)

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

Figure 3a

111m (364ft)
Hub Height

SIMULATED VIEW - DAYTIME VIEW
Panoramic Image
Horizon

Dowses Beach

Town of Barnstable, Cape Cod, MA

VINEYARD
WIND PROJECT

Photographic
S i m u l a t i o n s

Panoramic Image (124º x 55º) - This panoramic image approximates the full horizontal and
vertical field-of-view of normal human eyesight.

SIMULATED VIEW - DAYTIME VIEW
Panoramic Image

Camera Data
Date / Time

Camera Location
17-Oct-2017/15:08

Latitude:

41°37’22.722”N

Light Condition: Side Light

Longitude:

70°21’54.928”W

Camera:

Canon 5d Mark IV

Elevation(±):

6.1 m (20 ft)

Focal Length:

50mm (full frame)

Nearest Turbine: 54.1 km (33.6 mi)

Visible Portion of Turbine
194.5m (638ft)
Blade Tip Height

167m

(548ft)Rotor Di

a m.
63 m (208 ft)

This photo simulation conservatively presents project visibility under clear weather conditions.
Minimal atmospheric haze is applied to simulated elements to account for sea spray and sea salt
typical of atmospheric conditions over the ocean.

Figure 4a

Horizon
111m (364ft)
Hub Height
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METEOROLOGICAL ANALYSIS

Vineyard Wind Project
Meteorological Analysis
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1.0

INTRODUCTION
As a supplement to the visibility assessment, a meteorological analysis was conducted to
identify the common weather conditions and assess visibility within the Wind Development
Area, as meteorological and atmospheric conditions play a role in providing the opportunity
for the Project to be visible.
The meteorological analysis was modeled after the Bureau of Ocean Energy Management
Renewable Energy Viewshed Analysis and Continental Shelf Call Area: Compendium
Report, Meteorological Conditions Assessment and included the following steps:
1. A descriptive analysis of meteorological conditions, such as winds, common
weather conditions, reported visibilities, and average daily high and low
temperatures, and average relative humidity on an annual, seasonal, and daily basis;
and
2. The development of a method to assess visibility beyond 10 miles, which is the
extent of visibility predictions typically provided by airports.
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2.0

METHODS
For this analysis, seasons are defined as follows:
1. Spring: March 22 – June 21;
2. Summer: June 22 – September 21;
3. Fall: September 22 – December 21; and
4. Winter: December 22 – March 21.
Daytime hours are assumed to be 7:00 am through 6:59 pm, while nighttime hours are
assumed to be 7:00 pm through 6:59 am.
This methodology captures average annual day and night conditions.

2.1

Meteorological Station Selection
Two meteorological stations- Vineyard Haven on Martha’s Vineyard and Nantucket
Memorial Airport on Nantucket -were identified as being the closest and most
representative stations to include within the Wind Development Area. There are no other
locations closer to the Offshore Project Area with meteorological stations that have
collected data on an hourly basis for at least the last 10 years.
Data from the Local Climatological Data (“LCD”) data set, available from the National
Climatic Data Center (“NCDC”), were selected as suitable data sources for this analysis.
LCD data comprises hourly meteorological data for approximately 1,600 currently active
stations in the US. and includes Automated Surface Observing System (“ASOS”) and
Automated Weather Observing System (“AWOS”) observations. Both of the selected
stations are ASOS stations and therefore collect data on temperature, dew point, wind
direction, wind speed, precipitation, present weather, visibility and pressure on at least an
hourly basis.
Both of the selected stations were evaluated for the 11-year period of 2006-2016, where
hourly data were available for both locations. Figure 1 shows the location of both of these
stations in relation to the Offshore Project Area.

2.2

LCD Data Validation and Processing
Hourly data were imported into Microsoft Excel for processing and validation. It was
discovered that the data contained many more records (with each record representing one
observation) than the number of hours in a given time period, indicating duplicate records.
A total of 22.6% of the hours (93,393 hours) contained more than one record. Inspection of
duplicates indicated that both a special observation and a standard automated observation
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were often recorded in a given hour.
Special observations are recorded if weather
conditions are changing rapidly or crossing specific aviation thresholds.
Where this
occurred, the automated observation was retained and the special observation removed.
This approach maximized consistency across records as the vast majority of records were
automated. Some “Summary of Day” and “Summary of Month” records were also removed
because these were inconsistent with the hourly data. In total, 53% of the initial raw data
(219,710 records) were removed as non-hourly data.
A total of 192,690 records remained in the validated data set, representing two stations as
detailed in Table 1.
Table 1

Total Records by Station
Number of
Records

Station

4903/Vineyard Wind

Martha's Vineyard

96,354

Nantucket

96,336

TOTAL

192,690
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Figure 1

Meteorological Stations Used in the Analysis

Validation for data completeness consisted of comparing the number of remaining records
to the number of possible records in a given year or season. Seasonal completeness is
important to ensure that a given year’s data (and thus study results) were not biased toward
a particular time of year. As shown in Table 2 and Table 3, all selected sites exceeded
80%completeness for each year and season.

2016

2015

2014

2013

2012

2011

2010

2009

2008

2007

Annual Completeness by Station (percent)

2006

Station

Table 2

Martha’s
Vineyard

99.9%

100%

100%

100%

100%

100%

100.

99.9%

99.9%

99.8%

99.9%

Nantucket

99.4%

99.9%

100%

99.9%

100%

100%

100%

100%

100%

100%

99.9%

Table 3

Seasonal Completeness by Station (percent)
Station

Winter

Spring

Summer

Fall

Martha’s Vineyard

99.8%

100.0%

99.9%

99.9%

Nantucket

99.9%

99.9%

99.9%

99.9%

In addition to the hourly LCD, ASOS 1-minute “Page 1 data” (DSI-6405) were downloaded
for both the Martha's Vineyard and Nantucket stations for the period of 2005 through 2016.
This data contained measurements of visibility extinction coefficient, wind speed, and wind
direction and were included because they contained more detailed measurements of
visibility.
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3.0

DESCRIPTIVE DATA ANALYSIS

3.1

Wind Patterns
Prevailing weather at any given site can be understood by typical wind patterns. This
relationship is illustrated by wind roses, which display the frequency with which the wind
blows from a given direction on a polar plot representing all compass directions. Longer
barbs indicate more frequent winds from that direction. Within each barb, different levels
of wind speed are broken down, showing typical wind speeds originating from a particular
direction. Collectively, wind direction and speed indicate approaching weather, such as

warm and humid tropical air masses or cooler and drier continental air masses. Calm winds
were defined as reported winds less than 0.5 meters per second and are not included in the
wind roses.
Wind roses for each site, dating from 2006–2016, are shown in Figures 2 through 3.
Prevailing winds at each site are generally from the southwest, with variance from west
counter-clockwise through the south. The percent of hours with calm winds ranged from
about 8.5% on Martha's Vineyard to 3.7% on Nantucket. Variation in wind directions and
speed at each site is likely due to the location of the site relative to water, both in terms of
cardinal direction and distance, and local geographic variations.
Wind roses are provided for each site by month (e.g., average January winds, for all January
months in the data set) in Appendix B. In Martha's Vineyard and Nantucket, winds
generally originate from the southwest in the spring and summer, shifting to northerly and
westerly in the fall and winter. Spring and fall are transitional periods with more variation
in wind direction. The highest wind speeds and fewest calm winds occur in winter, with
the passage of winter storms, while the lowest speeds and most calm winds occur in the
more often stagnant conditions of summer.

3.2

Average Temperature and Humidity
Average temperature and humidity are other metrics typically used to help understand
visibility at given locations.
Both Martha's Vineyard and Nantucket display patterns of temperature change throughout
the year, with warmer temperatures occurring during the springtime and summer periods
and colder temperatures occurring during the fall and winter periods, as shown in Figure 4.
Similar patterns between the stations were observed, as illustrated in Figures 5 and 6 with
Nantucket having slightly lower daily maximum temperatures and slightly higher daily low
temperatures. Histograms of the temperature distribution for each season and station are
provided in Appendix C, Temperature Distribution.
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Relative humidity has been shown to have a strong effect on visibility (Zhang et al., 2015;
Malm, 1999). Water vapor condenses on particles in the air, thereby increasing their size
and the corresponding amount of light scattered or absorbed. Figure 7 shows the seasonal
changes in relative humidity amongst the two stations with Nantucket having slightly higher
average relative humidity.
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Figure 2
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Figure 4: Monthly

Average Temperature and Dewpoint

80

70

60

Temperature (degrees F)

50

40

30
Martha's
Vineyard Temp
Nantucket Temp
20

Martha's
Vineyard Dew Pt
Nantucket Dew
Pt

10

0
Jan

Feb

March

April

May

June

July

Month

Aug

Sept

Oct

Nov

Dec

Figure 5: Average DailyHigh Temperature
80.0

70.0
Martha's Vineyard
Nantucket
60.0

Temperature (F)

50.0

40.0

30.0

20.0

10.0

0.0
Spring

Summer

Fall

Winter

Figure 6: Average Daily Low Temperature
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Figure 7: Average Relative Humidity
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3.3

Reported Visibilities
Visibility measurements from meteorological stations are typically recorded in intervals
ranging from ¼ to 10 statute miles. For the LCD data set, visibility was measured and
recorded on a 1-minute basis, averaged across hours, and then binned to the following
categories: less than ¼ mile, ¼ mile, ½ mile, ¾ mile, 1 mile, 1¼ miles, 1½ miles, 1¾
miles, 2 miles, 2½ miles, 3 miles, 3½ miles, 4 miles, 5 miles, 7 miles, and 10 miles or
greater for the hourly reports. As shown in Table 4, analysis of the hourly data indicates
majority of the hours yielded a visibility of 10 miles or greater.

Table 4

Frequency of Reported and Truncated Visibility Ranges
Less than 10 miles (percent)

10 miles or greater (percent)

Station

Martha's

Winter

Spring

Summer

Fall

Winter

Spring

Summer

Fall

21%

24%

30%

20%

79%

76%

70%

80%

30%

34%

39%

26%

70%

66%

61%

74%

Vineyard
Nantucket

3.4

Common Weather Conditions
In addition to recording information on temperature, dew point, relative humidity and
visibility, meteorological stations also capture the current meteorological condition(s); these
types of observations are referred to as “present weather.” Present weather conditions
include events such as haze, fog, various forms and intensities of precipitation, and even
more obscure events such as smoke or dust storms. Several conditions may be reported at
any time. Conditions that may be considered notable, such as extreme heat or high winds,
are adequately captured by the measured parameters and are not included as present
weather codes.
For the purposes of this analysis, the conditions most likely to affect visibility are those that
would be included in the “Present Weather” field of an observation. For the vast majority
of records, no present weather is reported. In other words, conditions were clear, and no
“events” (such as haze, fog, and various forms and intensities of precipitation) occurred
during that hourly observation. This is expected as weather conditions, such as haze or fog,
typically occur infrequently compared to fair weather conditions. However, these data do
not indicate periods of high visibility, such as those that may occur under low humidity and
temperature. Likewise, these data do not indicate periods of lower visibility, such as that
which may occur under periods of high humidity and temperature. The percentage of
hours for which present weather is reported or not reported is shown in Table 5. The
remaining discussion of present weather will focus on hours for which one or more present
weather condition is reported.
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Table 5

Frequency of Present Weather Reports (percent)

Station
Martha's

Present Weather Not Reported

Present Weather Reported

Winter

Spring

Summer

Fall

Winter

Spring

Summer

Fall

81%

78%

78%

83%

19%

21%

22%

17%

78%

73%

72%

80%

22%

27%

28%

21%

Vineyard
Nantucket

At Martha's Vineyard airport, when present weather was reported, the most common
conditions were mist and rain. This was consistent across each season and under day and
night conditions. At Nantucket airport, the common weather conditions were generally
mist and rain as well. However, during the summer months, fog was slightly more common
than rain. Mist was the most common condition in all seasons. The average distribution of
these conditions on a daily basis is provided in Appendix D, Common Weather Conditions.
Figures 8 and 9 show the frequency of common weather conditions at each site, by season
and day/night hours. Any condition that constituted 2% or more of the present weather
reports in any season/time of day grouping was included in the charts.
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4.0

VISIBILITY ASSESSMENT

4.1

Introduction
Based on the analysis reported in Table 4, approximately 70% of the hours reported
visibility as 10 miles or greater. Because of this, visibility must be calculated directly to
determine average visibility, the distribution of visibility, and maximum visibility using
currently available data. To fill this data gap, daily typical visibility ranges and potential
maximum and average visibility across seasons were calculated using the Beer-Lambert law.
Martha's Vineyard and Nantucket both report data on an hourly and minute basis for
general weather observations.
This analysis focuses on the meteorological variables which affect visibility the most and
does not equate to actual visibility of the wind turbines or associated structures. While
meteorology will impact the ability of an observer to see the wind turbines or associated
structures factors such as turbine color, scale, movement, distance, and observer geometry
are also other critical considerations.

4903/Vineyard Wind

16

Meteorological Analysis
Epsilon Associates, Inc.

Figure 8: Martha'sVineyardPrĞsent Weather
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Figure 9: NantucketPƌĞsent Weather
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4.2

Visibility
Visibility is defined as “the greatest distance at which an observer can just see a black
object viewed against the horizon sky” (Malm, 1999, page 1). The operational definition of
visibility (or meteorological optical range, “MOR”), as defined by the World Meteorological
Organization, is the length of a path in the atmosphere required to reduce the intensity of
light to 5%of its original value (WMO, 2011). This 5% value is considered the threshold
contrast, and the outer limits at which an observer can still identify an object.
The intensity of light (i.e., radiation) is affected by scattering and absorption of the light from
gases or particulate matter in the atmosphere. The reduction of intensity of a beam of light
due to absorption and scattering is called extinction. An extinction coefficient is used to
describe the amount of scattering and absorption based on the following relationship:
bext = bs,p + bs,g + ba,p + ba,g

(Eqn 1)

Where:
s = scattering
a = absorption
p = particles/aerosol
g = gases

Scattering is the redirection of light from its original direction and can be caused by gases or
particulates. Scattering due to gases (bsg) is also known as Rayleigh scattering, where the
scattering objects are much smaller than the wavelength of light. This is the baseline
scattering caused by air that is always present, even in the most pristine environment.
Scattering due to aerosol particles has a larger impact on the total bext, and its calculation
requires knowledge of the ambient aerosol: the size distribution, optical properties,
composition, and number of particles. According to Malm (1999,) scattering in the east due
to ambient aerosols and air molecules can account for up to 60% of total light extinction
and depends primarily on concentrations of gaseous sulfates, organics, and nitrates.
Absorption is the conversion of light energy to heat or chemical energy.
The extinction coefficient, bext, relates to visibility and contrast according to the BeerLambert law of extinction:
I
𝐼𝑜
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Where:
I = intensity at distance x
Io = intensity at the observer
I/I0 = contrast
x = visibility distance

For a defined contrast of 5 percent, the equation simplifies to:
𝑥= −

ln(0.05)

Equation 3

𝑏𝑒𝑥𝑡

Therefore, determining visibility distance at any given time requires knowledge of the
extinction coefficient as detailed in Equation 1. Although absorption and scattering due to
ambient air (i.e., gases) play a role in determining visibility—and these processes are
influenced by meteorological variables such as temperature and dew point—the greatest
contributor to reduced visibility (by means of a large extinction coefficient) is scattering by
aerosols (Malm, 1999). As with ambient air, scattering by aerosols is increased by high
relative humidity; hygroscopic particles grow as water condenses on them, increasing their
ability to scatter light. Hygroscopic particles such as ammonium nitrate, and ammonium
sulfate, and sea salt have been shown to have the large impacts on visibility (EPA, 2016).

4.3

Visibility Measurement
Due to the fact that visibility is strongly impacted by scattering of aerosols, time-resolved
(e.g., daily or hourly) speciated particulate matter data (e.g., mass of sulfates, nitrates, and
carbon) and relative humidity data are necessary to predict visibility by calculating a siteand time-specific extinction coefficient. For this study, data of this type were unavailable.
However, the basis for reported hourly (LCD) visibility data is a direct measurement of the
extinction coefficient on a 1-minute time resolution. These data were used to calculate
visibility, which was then used to bin to discrete intervals representing distances up to 10
miles before being reported. Although the measured extinction coefficient, and thus the
calculated visibility data, account for actual ambient particulate matter, this post-processing
makes it very difficult to correlate hourly visibility data with any other monitored parameter
such as relative humidity and hourly fine particulate matter (defined as particulate matter
with a diameter of 2.5 microns or less, or PM2.5).
One-minute data, however, are available in their raw form (i.e., not summarized or binned),
for both the Martha's Vineyard and Nantucket meteorological stations, thereby providing a
more precise measurement of visibility. These data are collected by ASOS. The visibility
sensor on the ASOS unit operates by measuring the amount of forward scattering across a
path of known length. A transmitter projects a beam of light through a 0.75-cubic-foot
volume of air and the amount of forward scattering at the receiver is measured.
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The advantage of using this data for predicting visibility is that all of the variables affecting
visibility are included, thereby negating the need to measure or approximate each one
separately. However, one variable likely not captured by these data is the presence of sea
spray and sea salts; as the monitor is on land, it would not measure any sea spray over the
ocean’s surface that would reduce visibility.1 No long-term data collection sites (at airports
or buoys) collect these data. Thus, visibility measurements using this measured extinction
coefficient represent an upper bound of the actual visibility for an observer on land looking
out over the ocean, and are therefore conservative estimates and actual visibility distances
are likely shorter.
One-minute raw ASOS data from NCDC were obtained for Martha's Vineyard and
Nantucket airports for the years 2006 through 2016. As reported by Husar (2002) and
observed in the downloaded data, the ASOS visibility sensor has a lower detection limit of
0.05 kilometer-1. This corresponds to a maximum visibility of approximately 37 miles.

4.4

Visibility Data (6405 Dataset)
The 1-minute ASOS data from Martha's Vineyard and Nantucket airports for the years 2006
through 2016 were imported into Microsoft Excel. A basic data validation measure of
checking that the visibility coefficient is less than 10 was performed to ensure the correct
data were being used. After this validation, the 1-minute data were summarized into hourly
averages. A total of 91,408 hourly records from Martha's Vineyard and 87,654 hourly
records from Nantucket were used in the analysis.
For each hour, visibility was calculated from the hourly average extinction coefficient, and
assuming a contrast threshold of 5%, according to the Beer-Lambert law (equation 3). The
threshold contrast was set at 5% for this work following the World Meteorological
Organization definition of visibility, and also because this is the contrast used by ASOS in
converting the measured extinction coefficient to visibility for the hourly data set.
The annual distribution of visibility distances at Martha's Vineyard and Nantucket appear in
Figure 10 and Figure 11. Both show a relatively flat trend, with only minor maximums at
around one mile. There is also a peak at the upper end of visibility because of the
instrument’s detection limit, which should be viewed as 32 miles or greater. This final bin is
not included in the histograms. Values of 32 miles or greater constitute 22% of the data on
an annual basis. The cumulative frequency distribution of annual visibilities from Martha's

1

One data set is available from the Interagency Monitoring Of Protected Visual Environments (IMPROVE)
for a monitoring station (MAVI1) on Menemsha Pond in Aquinnah, Martha’s Vineyard. That data set
includes light extinction attributable to sea salt. Of the 1,236 valid readings between 2003 and 2013,
sea salt contributed an average of 10% to the light extinction, and a maximum of 67%.
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Figure 10: Annual Visibility at Martha's Vineyard
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Figure 11: Annual Visibility at Nantucket
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Vineyard and Nantucket in Figures 12 and 13, respectively, show a nearly straight line and
indicate a uniform distribution. The small fluctuations in the annual distribution are
influenced by seasonal trends, shown in Figure 14 for Martha's Vineyard and Figure 15 for
Nantucket.
On average, visibility at both Martha's Vineyard and Nantucket is highest in the fall and
lowest in the summer, as shown in Table 6. Maximum visibility in all seasons is identical
as it reaches the instrument detection limit. Average visibility is a better indication of trends
by season, as on any day in a given season the conditions may be right for the maximum
possible visibility. The percent of days annually, and across seasons, with at least four
hours exceeding a threshold visibility (10, 15, 20, 25, or 30 miles) are shown in Figure 16
for Martha's Vineyard and Figure 17 for Nantucket.
Table 6

Seasonal Average and Maximum Visibility
Station

Martha's
Vineyard

Nantucket

1

Season

Visibility (miles)1
Minimum

Maximum

Average

Annual

0.3

>32.0

30.8

Spring

0.3

>32.0

30.7

Summer

0.3

>32.0

26.5

Fall

0.3

>32.0

33.3

Winter

0.3

>32.0

32.7

Annual

0.3

>32.0

23.2

Spring

0.3

>32.0

22.8

Summer

0.3

>32.0

21.2

Fall

0.3

>32.0

25.3

Winter

0.3

>32.0

23.5

Distances do not account for sea spray and sea salt, therefore actual visibility is

anticipated to be less.
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Figure 12: Cumulative Frequency Distribution of Martha's Vineyard Visibility
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Figure 13: Cumulative Frequency Distribution of Nantucket Visibility
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Figure 14: Martha's Vineyard Fall Visibility
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Figure 14: Martha's Vineyard Spring Visibility
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Figure 14: Martha's Vineyard Summer Visibility
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Figure 14: Martha's Vineyard Winter Visibility
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Figure 15: Nantucket Fall Visibility
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Figure 15: Nantucket Spring Visibility
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Figure 15: Nantucket Summer Visibility
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Figure 15: Nantucket Winter Visibility
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Figure 6: Martha's Vineyard Daily Maximum Visibility
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Figure 17: Nantucket Daily Maximum Visibility
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A more detailed picture of the distribution of visibility can be achieved by looking at the
percent of hours in which a given threshold visibility distance is exceeded. This breakdown
by daytime and nighttime hours within each season is shown in Figures 18 and Figure 19
for Martha's Vineyard and Figures 20 and 21 for Nantucket. For Martha's Vineyard, the
highest visibilities during the daytime occur mainly during the summertime, and the lowest
visibility occurs in the fall; for the nighttime the highest visibilities occur in the fall and the
lowest in the summer. For Nantucket, the highest visibility during the daytime occurs in
the spring, with the lowest visibility occurring in the fall, summer and winter. During
nighttime for Nantucket, the highest visibility occurs in the spring, and lowest in the fall.
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5.0

CONCLUSION
The Beer-Lambert law was used in this study to measure extinction coefficients at Martha's
Vineyard and Nantucket airports to determine the hourly visibility distances, and the
distribution of visibility distances on an annual, seasonal, and day/night basis. Average
visibility at both stations as reported in Table 6 is highest in the fall and lowest in the
summer. Based on the results of the meteorological assessment, due to atmospheric
conditions the Project will not be visible approximately 45% of the time from Martha's
Vineyard and approximately 60% of the time from Nantucket.
Additionally, different factors affect visibility, including air quality, sea spray and salts over
the ocean’s surface, the angle of the sun, and relative humidity. The presence of sea spray
and salts affects visibility but is not likely captured by the measurements. Therefore,
calculated visibility may be considered conservative since they do not account for this lightreducing factor.
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Figure 18: Martha's Vineyard Daytime DistributionofVisibility
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Figure 19: Martha's Vineyard Nighttime Distribution of Visibility
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Figure 20: Nantucket Daytime Distribution of Visibility
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Figure 21: Nantucket Nighttime Distribution of Visibility
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Appendix A
Wind Roses by Month for Martha's Vineyard and Nantucket
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Histograms of Temperature Distributions for Martha's
Vineyard and Nantucket
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Appendix C
Common Weather Conditions at Martha's Vineyard and
Nantucket
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1.0

INTRODUCTION

1.1

Purpose and Scope
Vineyard Wind, LLC (“Vineyard Wind”) is proposing an ~800 megawatt (“MW”) wind
energy project within BOEM Lease Area OCS-A 0501, consisting of offshore wind turbine
generators (“WTGs”, each placed on a foundation support structure), electrical service
platforms (“ESPs”), an onshore substation, offshore and onshore cabling, and onshore
operations & maintenance facilities (these facilities will hereafter be referred to as the
“Project”). The following Historic Properties Visual Impact Assessment for the Project is
intended to assist the BOEM and the Massachusetts Historical Commission (“MHC”), in its
role as the State Historic Preservation Office (“SHPO”), in their responsibilities in reviewing
the Project under Section 106 of the National Historic Preservation Act and the National
Environmental Policy Act.
Further information regarding effects to archaeological
properties within the proposed Area of Potential Effect (“APE”) will be addressed in
separately filed reports.
The Lease Area is a 16 x 50 kilometers [“km”] (8.6 nautical [“nm”] x 26.9 nm) area oriented
northeast to southwest and located just over 23 km (14 miles [“mi”]) south/southwest of
Nantucket and Martha’s Vineyard. The Project will be located in the northern portion of
the over 675 square kilometer (166,886 acre) Lease Area; this northern area is referred to as
the Wind Development Area (“WDA”). Power generated from the Project will be
transmitted to Cape Cod via submarine offshore cables. Upon arriving at the shoreline of
Cape Cod, the offshore cables will transition to underground onshore cables to connect
with an electrical substation. An onshore substation will be constructed in order to
accommodate the additional electrical load; a substation location in the Town of Barnstable
is under consideration. A new substation building (if needed) will not likely be larger than
the existing station (See Figures 1-1 and 1-2).
Accordingly, the proposed APE has been developed to assist BOEM and MHC in identifying
historic resources listed, or eligible for listing, in the National Register of Historic Places in
order to assess potential visual effects of the Project. The proposed APE has been broken
into direct (construction-related) and indirect (visual) effects.

1.2

Project Description
The Project includes the construction of up to 106 WTGs and four ESPs within the WDA.
The Project is designed to provide up to 800 MW of electricity and has defined a range of
turbine sizes that may be used: from eight to 10 MW. If the eight MW WTGs are used, 106
positions will be occupied; if the 10 MW WTGs are used, 88 positions will be occupied.
The WTGs will be laid out in a grid pattern along with several offshore substation platforms.
The WTGs will be positioned approximately three-quarters to one nautical mile apart from
each other.

4903/Vineyard Wind

1-1

Introduction

Epsilon Associates, Inc.

G:\Projects2\MA\MA\4903\MXD\Historic\Leased_Wind_Energy_Areas_Nearest_Onshore_20171206.mxd

LEGEND

Airports

Vineyard Wind Lease Area

Wind Energy Area - Leased Area

Scale 1:600,000
1 inch = 15 kilometers

0

8

16 Kilometers

0

5

10 Miles

°

Map Coordinate System: NAD 1983 StatePlane Massachusetts Meters

Airport
Rhode Island
Sound

29.8km
(18.5 miles)

23.2km
(14.4 miles)

us
M

ke

t
ge

Ch

n
an

el

Airport

23.7km
(14.7 miles)
31.4km
(19.5 miles)

Bay State Wind

Vi
n

ey

ar

d

W

in
d

Deepwater Wind

49.8km
(26.9 nm)

16.1km
(8.7 nm)

Service Layer Credits: Esri, DeLorme, GEBCO, NOAA NGDC, and other contributors

Vineyard Wind Project
Figure 1-1

Vineyard Wind Lease Energy Areas - Nearest Onshore Area

350000

360000

370000

G:\Projects2\MA\MA\4903\MXD\COP\Wind_Development_Area_20171204.mxd

70°30'0"W

400000

70°20'0"W

10

410000

70°10'0"W

41°20'0"N

41°20'0"N

4580000

70°40'0"W

390000

30

4580000

70°50'0"W

380000

4570000

4570000

10

A

(
!

(O
C

S-

4560000

20

(
!

4550000

nm

(
!
(
!

(
!
(
!
(
!
(
!

4540000

41°0'0"N

1

nm

20

(
!

(
!

(
!
!
(
(
!
( 1n !
!
!
(
(
!
m(
(
!
!
(
(
!
(
!
!
(
(
!
!
(
!
( nm (
(
!
!
(
(
!
)!
"
8
(
(
!
( .91 !
!
(
!
!
(
(
!
(
!
. (
(
!
( 75 !
!
(
!
(
!
6 !
(
!
(
!
(
!
(
( nm
!
!
(
(
!
(
!
(
!
(
!
(
!
(
!
(
!
1
(
!
!
(
( nm !
!
(
!
(
!
(
!
(
(
!
(
!
(
!
!
(
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!
(
!

20

(
!

Vi
n

4530000

(
!

LEGEND

Basemap: NOAA 12300-05-2008

40°50'0"N

40°50'0"N

50

Vineyard Wind Lease Area by OCS Block Number
Wind Development Area for COP Review

4520000

4530000

(
!

( !
!
(
(
!

Ar
ea
Le
as
e
ey
ar
d

W

in

d

41°0'0"N

4540000

40

4520000

(
"!
)
(
!

.9
18

05
01
)

41°10'0"N

41°10'0"N

30

4550000

4560000

20

Bathymetric Contours 10m Interval
(
!
)
"

WTG

Offshore Substation

Scale 1:360,000
1 inch = 9 kilometers
70°50'0"W
Service
Layer Credits:
350000

Vineyard Wind Project

70°40'0"W
360000

60

70°30'0"W
370000

0

2.5

0

5 Kilometers
2

4 Nautical Miles

Map Coordinate System:
70°20'0"W NAD 1983 UTM Zone 19N
70°10'0"W
380000

390000

400000

4510000

4510000

*Please note, WTG and Offshore Substation yellow
and green markers have been enlarged in this figure for visibility

°

410000

Figure 1-2

Wind Development Area for COP Review

The WTGs will be supported by foundations consisting of either steel monopiles embedded
into the sea floor or “jacket” structures. The jacket foundations are cross-braced structures
supported by piles (three or four piles). Either foundation type (monopile or jacket) is
designed to support the WTG. The WTGs will connect to the existing mainland power grid
via inter-array cables that connect six to 10 WTGs to the ESPs, then offshore cables from the
ESPs will connect to the shore at the Landfall Site. All offshore and onshore cables will be
buried and will not be visible. Proposed underground cables are expected to utilize
existing paved roadway and utility corridors to connect to the proposed substation location
in Barnstable.
The maximum height of the WTGs considered for this Project will measure approximately
212 meters (“m”) (696 feet [“ft”]) above sea level at the peak of the blade tip. As shown in
Figure 1-3, the supporting foundation/transition piece and wind turbine tower extends a
maximum of 121 m (397 ft) above the ocean surface to the “nacelle height”. The rotor
supports the three blades and the nacelle, which houses the generator and related
equipment, and is set at this height. The rotor diameter formed by the three blades will be
a maximum of 180 m (591 ft). This corresponds to an approximate maximum blade length
of 85 m (279 ft). The blades will taper down from the base to the tip. The WTG assembly
and the blades are typically painted off white or light gray to blend into the horizon.
The four ESPs will have a maximum width of 45 m (148 ft) and a maximum length of 70 m
(230 ft). Additionally, the ESPs will have a maximum height of 66.5 m (218 ft) above water.
The WTGs will be joined to the ESPs via submarine inter-array cables, and the ESPs will be
joined to one another via submarine inter-link cables.
In conducting the visual simulations, Vineyard Wind utilized the proposed layout with 106
of the eight MW WTGs. The eight MW layout represents the maximum impact scenario for
potential visual effects because the nacelle is the most visible portion of the WTG,
especially at night, and the nacelle heights for the various WTGs are all within 10 m (33 ft)
of one another. A 10 m (33 ft) difference in WTG hub height is not perceivable at a
distance of over 23 km (14 mi), which is the closest approximate distance from the Project
to land; in the simulation, this height difference represents only a fraction of a single
computer pixel. Thus, the greater potential impact will be due to the number of turbines
and lights, rather than fewer, slightly taller WTGs. The specific dimensions of the WTGs
used in the visual simulations are presented in Appendix III-H.a.
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Figure 1-3

WTG Dimensions

2.0

METHODOLOGY
The proposed APE was generated using windshield surveys (conducted in August 2017) to
assess potential visibility as well as topographic, and aerial mapping in order to determine
vegetation and obstructing topography and to perform mathematical calculations to
determine the extreme potential visibility. The calculations were based on height of the
tallest proposed WTGs, distance from historic resources, and the obstruction created due to
the Earth’s curvature. Additionally, historic maps, the State and National Registers of
Historic Places, and the MHC’s Inventory of Historic and Archaeological Assets of the
Commonwealth (the “Inventory”) were consulted to generate the list of historic resources
within the proposed APE. Variable factors, such as weather, were not considered for
determining the APE; nevertheless, weather conditions will substantially limit visibility and
will be discussed later.
Included within the report are existing conditions photographs from select locations within
Martha’s Vineyard and Nantucket. Due to the small size of the other outlying islands
(Nomans Land, Tuckernuck Island, Muskeget Island, Esther Island, and Cuttyhunk Island)
within the proposed APE, it is assumed that those islands without obstructions to viewing
the WDA will have all their recorded historic resources for those islands in the APE.
Existing conditions photographs were not taken from the outlying islands as they are largely
devoid of significant topographical changes and tree growth. Additionally, existing
conditions photographs were not taken from select areas of shoreline in the Towns of
Mashpee, Barnstable, and Yarmouth, due to the extreme distance from the WDA and
unlikely visibility and dense development along the shoreline limiting visibility; however,
these areas and the associated resources are included in the proposed APE.

4903/Vineyard Wind

2-1

Methodology

Epsilon Associates, Inc.

3.0

DEFINING THE PROPOSED AREA OF POTENTIAL EFFECT

3.1

Direct Effects
As stated in the Introduction, direct effects are defined as construction-related impacts or
areas of potential disturbance by the Project. These areas can be further defined as
terrestrial and marine areas.
♦ Terrestrial areas include the proposed underground cable routes and substation
location (one route will ultimately be chosen). In the case of the terrestrial cable
routes, these are long narrow areas with no potential for visual impacts as the cables
themselves will be underground, largely within existing paved roads and utility
corridors. In total, the proposed APE for direct effects onshore is the cable routes
and the proposed substation location.
♦ Marine areas include the portion of the WDA proposed for the WTGs, EPSs, interarray and inter-link cables as well as the proposed offshore cable routes to the
mainland. Therefore, the APE proposed for direct effects offshore is the WTG and
ESP locations both in height and depth as well as the seafloor to be affected by the
cable routes or foundations.
♦ It is anticipated that construction related impacts will have limited visual effects due
to the location of the WTG and ESP foundations and cables either underground or
undersea (see Figure 3-1 for historic properties along potential terrestrial cable
routes).
Effects related to the visibility of built structures will be addressed in the indirect effects.

3.2

Indirect Effects
Indirect or visual effects include those areas where the Project may be visible. For
terrestrial areas this includes the new substation. The proposed APE for indirect effects
related to the proposed substation location is one-quarter mile including portions of the
Towns of Barnstable and Yarmouth around the onshore substation site. For visibility related
to the WDA, the same APE is proposed for both daytime and nighttime visibility.
As stated previously, the underground electrical cables are proposed to be placed largely
within existing roadways and utility corridors, and will not be visible. Similarly, the cable
routes from the WDA to the mainland Landfall Site are underwater and will not have a
visual impact.
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Underground Cable Routes Cape Cod APE

The initial proposed APE for indirect effects for the WTGs is 56.8 km (35.3 mi) with
exclusions from the construction site at the northeastern half of the WDA. Some areas
within the 56.8 km (35.3 mi) radius have been excluded from the proposed APE due to
obstructions including topography and vegetation. Individual APEs for the islands of
Martha’s Vineyard and Nantucket have been developed as a result of field surveys for the
potential to view the WDA. Other smaller islands with less variation in topography and
vegetation have been conservatively included in their entirety, including Nomans Land,
Muskeget Island, Esther Island, and Tuckernuck Island. It should be noted that the other
island, Cuttyhunk Island, has the most existing vegetation and topographic changes and has
also been included for its potential narrow viewshed of the WDA. Additionally, a portion
of southern shoreline areas in the Towns of Mashpee, Barnstable and Yarmouth are also
included. These areas in Mashpee, Barnstable and Yarmouth are at the very edge of the
proposed APE and at the extreme distance for potential visibility, as described further.

3.3

Calculating Potential Viewshed (Indirect Effects)
The 56.8 km (35.3 mi) proposed APE was conservatively determined as the distance at
which no part of the Project would be visible due to the Earth’s curvature and horizon line.
This is based on the maximum height of the blade tip of approximately 212 m (696 ft) and a
1.8 m (6 ft) observer height (H1) at the shoreline. At 56.8 km (35.3 mi) a target height of
212 m (696 ft) (H2) would be below the horizon line. At 1.8 m (6 ft) in height, an observer
(H1) at the shoreline would perceive the horizon at 4,828 km (3 mi) (D1). With the
proposed height of 212 m (696 ft), a 56.8 km (35.3 mi) radius would ensure the entireties of
the offshore structures would be below the horizon line. As stated earlier, environmental
conditions such as wave height, fog, rain, haze, and other factors are not considered in this
calculation, but would serve to further limit visibility.
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It should also be noted that the more visually substantial elements of the WTG assemblies
(i.e., the foundation, the support tower, and the nacelle) will extend to a maximum height
of approximately 121 m (397 ft). Accordingly, these elements will be entirely below the
horizon line at a distance of approximately 44,096 km (27.4 mi).

56.8 km (35.3 miles)

Horizon

H1 Observer
Height
Earth’s
1.8 m (6 ft)

curvature
D1

H2 Target
Height hidden
212 m (696 ft)

Horizon Distance
4,828 km (3 miles)

Within the 56.8 km (35.3 mi) radius from the WDA are numerous islands as well as Cape
Cod; however, the first landmasses to be affected (Cuttyhunk Island, Martha’s Vineyard,
Nomans Land, Nantucket, Muskeget Island, and Tuckernuck Island) serve to provide a
visual obstruction and buffer to areas within Buzzards Bay, Vineyard Sound, and Nantucket
Sound. A narrow view corridor between Martha’s Vineyard and Muskeget Island into
Nantucket Sound allows for the potential visibility of the WDA from the Towns of Mashpee,
Barnstable, and Yarmouth on Cape Cod at the end of the 56.8 km (35.3 mi) radius. Given
the extreme distance and the numerous buildings and structures along the shorelines of
Mashpee, Barnstable and Yarmouth, only those areas directly along the shoreline
(highlighted on the attached maps) are considered within the proposed APE. Although
simulations show that the WTGs will not be visible from these distances, they are
nevertheless included to be conservative (see Figure 3-2).
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Figure 3-2

Windfarm Viewshed APE

3.4

Martha’s Vineyard APE (Indirect Effects)
The island of Martha’s Vineyard lies north of the WDA by approximately 22.5 km (14 mi).
Using a combination of aerial maps and field survey, the Martha’s Vineyard APE was
developed along the island’s southern shoreline. This area of the island is less densely
developed consisting of parks, beaches, and open space such as the Long Point Wildlife
Refuge. The southern shoreline consists of low lying areas, whereas the southeastern end of
the island has steep ridgelines and cliffs, which both simultaneously obstruct view of the
WDA as well as permit it, depending upon the location and existing vegetation. In the low
lying areas dunes varying in height from 1.5-3.6 m (5-12 ft) in height partially obstruct view
of the WDA from inland areas. Additionally, vegetation close to shore largely consists of
low shrubbery, but increases in height further inland changing to low tree growth to mid- to
high tree growth 10.6-12.1 m (35-40 ft) in height. Once beyond the treeline, view of the
WDA is obstructed. One exception is in Chilmark, along Middle Road, where the ridgeline
and existing farmland (denuded of tree growth) permits views of the WDA from further
inland. Another exception is Katama Bay, which separates Chappaquiddick Island from the
rest of Martha’s Vineyard, and serves as a northward visibility corridor between the two
landmasses to Edgartown.
It is important to note that while much of the view toward the WDA is southerly, at the
western end of the island in Aquinnah, a southeastern view is required and some locations
are fully or partially obstructed by topography and vegetation allowing for only a narrow
view corridor (see Figure 3-3a to 3-3c).
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3.5

Martha’s Vineyard Existing Conditions Photolocations
A total of 19 locations were selected for an existing conditions survey of Martha’s Vineyard.
These locations are in proximity to some historic or archaeological resources and were
utilized to examine the potential effect to the viewshed from the proposed Project as well as
assist in determining the proposed APE for visual effects. The 19 locations below provide a
variety of locations from directly along the shoreline to upper terrain inland locations (see
Figure 3-4).
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Figure 3-4
Martha’s Vineyard / APE and Photolocation Map

Photolocation #1 / Wasque Reservation, Chappaquiddick
Located along Wasque Avenue, this area includes shoreline and open fields with low tree
growth and a northern treeline with larger mature tree growth approximately 4.5-6 m (1520 ft) in height. A lagoon is located north of a sandbar with dunes approximately 2.4-3 m
(8-10-ft) in height. The topography slopes upward inland allowing for view to the WDA
above the dunes. Existing vegetation eliminates the WDA view northward along Wasque
Avenue toward Pocha Road, with views present along intersecting streets at their southern
ends at Katama Bay.

View to the WDA at the end of Wasque Avenue.
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View at shoreline of lagoon to the WDA over the dunes.
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Photolocation #2 / Wasque Point, Chappaquiddick
Located within the Wasque Reservation, Wasque Point has a cliffside view (approximately 6
m [20 ft] high) over the beach below, largely to the east with a southern view through
existing tree growth approximately 4.5-6 m (15-20 ft) in height. The view from the beach
below to the south along the shoreline is unobstructed.

View toward the WDA along the eastern shoreline.
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Photolocation #3 / Washqua Avenue, Chappaquiddick
Running from Wasque Avenue and terminating downhill at Katama Bay, this area contains a
mix of one to two-story residential buildings dating from the 20th century as well as open
lawns and mature tree growth with shrubbery at Katama Bay. At the high/inland end of the
street, the elevation is roughly 12.1 m (40 ft) above sea level. A view to the WDA is
possible at the end of the street looking over the dunes at Katama Bay. Existing tree height
along Washqua Avenue is 6-7.6 m (20-25 ft).

View south across Katama Bay toward WDA, dunes block view of the horizon line.
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Photolocation #4 / Jerimiah Way, Chappaquiddick
Running from Litchfield Road southward and terminating at Katama Bay, Jerimiah Way
consists of a mix mid- to late 20th century single-family residences set on large lots with
mature tree growth 4.5-9.1 m (15-30 ft) in height. Tree growth lowers in height toward
Katama Bay. Views from the roadway toward the WDA were largely obscured by existing
tree growth and buildings. The roadway also sits behind a small rise blocking view of the
horizon line. Visibility from private property across Katama Bay toward the WDA is
possible.

View south toward WDA (not visible) due to topographic changes and vegetation.
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Photolocation #5 / Chappy Point, Gardner Beach, Chappaquiddick
Located in the vicinity of the Edgartown Historic District on Chappaquiddick Road at the
ferry landing, Gardner Beach has low sporadic vegetation 1.5-2.4 m (5-8-ft) in height with a
wide open view southward to Katama Bay. View toward the WDA is partially blocked by
the shoreline in Edgartown in particular Katama Point.

View south across Katama Bay toward WDA.
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Photolocation #6 / Katama Point Public Launch, Edgartown
The public launch overlooks a section of Katama Bay toward the dunes to the south. From
this location, significant vegetation is not present and the dunes provide the only
obstruction of the horizon line. Nearby residences dating from the mid to late 20th century
may have views at the second stories over the dunes that could provide visibility of the
WDA from this location. Access to private property was unavailable.

View south across Katama Bay toward WDA, dunes block view of the horizon line.
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Photolocation #7 / South Beach / Katama Beach, Edgartown
South Beach / Katama Beach has significant dunes in this location 1.8-3 m (6-10 ft) in
height. From an inland location behind the dunes, a view of the horizon line and WDA is
only possible at gaps between dunes. Inland of this location is Katama Farm and Katama
Airpark, both of which are devoid of significant vegetation, allowing for potential visibility
of the WDA further inland until the treeline and nearby residences (dating from the mid-late
20th century) create an obstruction.

View toward WDA, gap in dunes permits view of WDA.
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Photolocation #8 / Wilson’s Landing, Edgartown
Located on Edgartown Great Pond, Wilson’s Landing is a public boat launch. Existing
mature tree growth in the area is 7.6-10 m (25-35 ft) in height. The landing has a southerly
view across the pond toward the dunes and the inlet. View toward the WDA and horizon
line is limited to the inlet at the shoreline. Once back from the shoreline, existing
vegetation quickly obstructs the viewshed to the south.

View south toward WDA, inlet provides view of horizon line.
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Photolocation #9 / Long Point Wildlife Refuge, West Tisbury
Located roughly midway along Martha’s Vineyard’s southern coast is the Long Point
Wildlife Refuge. The Refuge has mature tree growth 9.1-12.1 m (30-40 ft) in height that
lowers in height from Scrubby Neck Farm Road at the north down to shrubbery and grassed
areas and dunes at the shoreline. Dunes at this location are 1.8-2.4 m (6-8 ft) in height.
View of the WDA from inland areas is partially obstructed by the dunes, though gaps exist
allowing for a view toward the WDA over the grasslands.

View south toward WDA, visible at right.
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Photolocation #10 / Tississa Point, West Tisbury
Located within the Sepiessa Point Reservation, Tississa Point has a southerly view across
Tisbury Great Pond through an inlet toward the WDA. The surrounding area consists of
low vegetation near the shoreline with open fields and mature tree growth further
northward approximately 9.1 m (30 ft) in height. Dune height on either side of the inlet
varies in height providing areas of substantial obstruction of the WDA on either side of the
inlet.

View south toward WDA, visible at inlet.
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Photolocation #11 / 322 South Road, Chilmark
Throughout most of South Road in Chilmark, view of the ocean was obstructed by tree
growth. In the vicinity of Able Hill Cemetery (MHC# CHL.803) and specifically through the
property at 322 South Road, a view of the horizon line and toward the WDA exists via a
gap in existing tree growth. Elsewhere, tree growth is 7.62-9.1 m (25-30 ft) in height. Some
of the private, residences (largely dating from the mid to late 20th century) on the southern
side of South Road have a clear view toward the WDA, due to the steep slope down to the
shoreline and a lack of vegetation. Access to private property was not available during the
field survey.

View south toward WDA.
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Photolocation #12 / Allen Farm, 421 South Road, Chilmark
The Allen Farm (MHC# CHL.E) consists of an 18th century house and associated farm
buildings. This area along South Road has large open fields and some historic farm
complexes. Via the open fields to the south, view to the WDA and horizon line is possible
through openings in the vegetation and over the cliffs at Lucy Vincent Beach (#13) below.

View south toward WDA, visible at right.
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Photolocation #13 / Lucy Vincent Beach, Chilmark
Lucy Vincent Beach has a combination of beach shoreline and cliffs roughly 10.6 m (35 ft)
in height. At the shoreline, southerly views toward the WDA are unobstructed. Inland of
the beach, the topography rises quickly and the immediate area has some open fields
allowing for overlooking views to the WDA. Where present, such as the road to the
parking lot, existing tree growth is 7.6-10.6 m (25-35 ft) in height and, with the exception of
the path to the beach, obstructs view of the horizon.

View south toward WDA from Lucy Vincent Beach.
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Photolocation #14 / Chilmark General Store, 7 State Road, Chilmark
Located in the town center of Chimark the area around the Chilmark General Store (MHC#
CHL.E) is obstructed from viewing the WDA and ocean generally by dense vegetation.
Mature tree growth in this area is 9.1-12.1 m (30-40 ft) in height.

View south toward WDA, no ocean view from this location.
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Photolocation #15 / Squibnocket Beach, Aquinnah
Squibnocket Beach has unobstructed views toward the WDA. The area around the beach
has varying topography including rolling hills and a high point of Squibnocket Ridge. The
area surrounding the beach also has predominantly low vegetation and sporadic mature
tree growth allowing for views from surrounding properties as well.

View south toward WDA.
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Photolocation #16 / Zach’s Cliffs / Moshup Trail, Aquinnah
This section of Moshup Trail has dense vegetation, but at the road, a partially obstructed
oblique view to the southeast toward the WDA is possible. Most of the surrounding
vegetation is 1.8-3 m (6-10 ft) in height. From the road, Zack’s Bluffs largely obstruct the
view toward the WDA, but from the bluffs themselves, views toward the WDA can be
achieved.

View southeast toward WDA, at back right.
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Photolocation #17 / Gay Head Lighthouse, Aquinnah
Located on a prominent rise the State and National Register listed Gay Head Lighthouse’s
(MHC# GAY.900) southerly view is too far east to view the WDA due to its location at the
western end of Martha’s Vineyard. A southeast view is required to look toward the WDA
and this view is partially obstructed by existing topography and vegetation. Only the
southwestern portion of the WDA would potentially be viewable, which is at the furthest
distance from the lighthouse. The area surrounding the lighthouse is a mixture of open
fields and low vegetation (shrubbery) with sporadic tree growth 1.8-3 m (6-10 ft) in height.
A view from within or atop the lighthouse was not obtainable during the field survey.

View southeast toward WDA, at right.
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Photolocation #18 / Gay Head Cliffs Overlook, Aquinnah
The Gay Head Cliffs Overlook is located just north of the Aquinnah Shops. From this
vantage point, a better view toward the WDA can be achieved than from the Gay Head
Lighthouse, due to the increased elevation and ability to see across Aquinnah to the WDA
at the southeast; however, the landmass of Aquinnah creates an obstruction. Only a partial
view toward the WDA is possible and, as with the lighthouse, only the southwestern
portion of the WDA would the viewable, which is at the furthest distance from the
overlook.

View southeast toward WDA, at right.
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Photolocation #19 / Aquinnah Town Hall, 65 State Road, Aquinnah (MHC# GAY.A)
Located in an area of dense tree growth ranging from 4.5-12.1 m (15-40 ft) in height, the
area in and around State and National Register listed Aquinnah Town Hall has no view
toward the ocean or WDA due to obstructing dense vegetation and topography.

View southeast toward WDA, viewshed obstructed.
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3.6

Nantucket APE (Indrect Effects)
The island of Nantucket lies northeast of the WDA by approximately 22.5 km (14 mi). The
entire island of Nantucket along with adjacent outlying islands of Esther, Tuckernuck, and
Muskeget were designated a National Historic Landmark District in 1966. Using a
combination of aerial maps, topographic maps and field survey, the proposed Nantucket
APE was developed along the island’s southern and western shorelines. This area of the
island is less densely developed consisting of parks, beaches, and open space. Noteworthy
areas of development are the villages of Madaket, Surfside and Siasconset all of which are
in part within the proposed APE. These villages are dominated by a mix of early to mid20th century single-family residences one to two and a half stories in height. While much
of the island consists of low lying areas, at the western end of the island is Trots Hills with
heights exceeding 15.2 m (50 ft) above sea level. Sauls Hills at the eastern end of the island
has heights exceeding 30.4 m (100 ft) above sea level. Vegetation close to shore largely
consists of open fields, grasslands and low shrubbery, but increases in height further inland
changing to low tree growth to mid- to high tree growth 10.6-13.7 m (35-45 ft) in height.
As much of the island is relatively flat, elevated points have the potential to have wide
views across the island. Additionally, the relatively flat nature of the island means that even
moderate vegetation or small hills or dunes can obstruct the viewshed easily. The proposed
APE on Nantucket has been divided into three sections: the shoreline along the southern
and western end of the island; a section of Barrett Farm Hill Road at the southern end of
Trots Hills; and Great Point at the northern end of the island. The southern shoreline
section represents those areas along the shore and inland where a view to the WDA to the
southwest toward the WDA is possible. The section along Barrett Farm Hill Road is an
elevated area with a gap in vegetation that allows for a narrow view corridor toward the
WDA. At Great Point, in the vicinity of the Great Point Lighthouse, a view (partially
obstructed), toward the WDA is possible between Esther Island (off of Smith Point) and
Tuckernuck Island (See Figure 3-5).
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3.7

Nantucket Existing Conditions Photolocations
A total of 14 locations were selected for an existing conditions survey of Nantucket. These
locations are in proximity to some historic or archaeological resources and were utilized to
examine the potential effect to the viewshed from the proposed Project as well as assist in
determining the proposed APE for visual effects. The 14 locations below provide a variety
of locations from directly along the shoreline to upper terrain inland locations
(see Figure 3-6).
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Figure 3-6
Nantucket / APE and Photolocation Map

Photolocation #1 / Great Point Lighthouse
Located at the northern end of the island is the Great Point Lighthouse, constructed in 1985
as a replacement for the original 19th-century lighthouse that was lost during a storm.
Stones from the original lighthouse were salvaged and reused in the replacement built
further inland. View toward the WDA is possible between Smith Point and Esther Island to
the east and Tuckernuck Island to the west.

Smith Point /
Esther Island

Tuckernuck Island

View southwest toward WDA, Smith Point / Esther Island is at left and Tuckernuck Island at
right.
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Photolocation #2 / Siasconset Golf Club
Located at 260 Milestone Road (a main thoroughfare on the island), the Siasconset Golf
Club is located on a small rise and occupies an area largely devoid of significant tree
growth. The golf course can be observed as far away as the Sankaty Head Lighthouse to the
northeast on Baxter Road, as much of the area in between has been cleared. No view
toward the WDA can be obtained from this location due to vegetation and topography.

View southwest toward WDA obstructed by vegetation and topography.
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Photolocation #3 / 54 Low Beach Road
Low Beach Road is located at the southeastern corner of the island. The road starts at the
intersection of Morey Lane and Ocean Avenue and terminates at Tom Nevers Pond. Few
houses are on the ocean side of the road, which looks down to the ocean past low scrub
brush, dunes and grassed areas. Buildings in the area largely consist of mid- to late 20th
century single-family residences one to two and half stories in height. Due to the location,
only an oblique view toward the WDA at the southwest is possible; however, most
buildings are oriented south to southeast, to take in the full view of the water (if present).

View toward WDA from 54 Low Beach Road, largely obstructed, but WDA viewable at
background left.
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Photolocation #4 / Low Beach
Low Beach is located at the southeastern corner of the island. Only an oblique view toward
the WDA at the southwest is possible. The beach has short dunes 1.2-1.8 m (4-6 ft) in
height and a mild grade down to the water.

View southwest across Low Beach toward WDA.
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Photolocation #5 / Tom Nevers Road
Tom Nevers Road is bordered by mid to late 20th century two and a half story homes set on
large lots. The road is also bordered by large hedges and trees planted to ensure privacy
among the residences. Only an oblique view toward the WDA at the southwest is possible
from this location.

View southwest toward WDA is largely obstructed, but a water view and WDA are visible
at background, right
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Photolocation #6 / Tom Nevers Field
Tom Nevers Field is located at the end of Tom Nevers Road. The field is set back from the
shoreline by dunes and a small bluff roughly 3-3.6 m (10-12 ft) in height. The immediate
area is largely devoid of trees and has low scrub brush and grassed areas. View southwest
toward the WDA is possible from this location.

View southwest toward WDA.
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Photolocation #7 / Surfside Road
Surfside Road runs north to south at the southern end of the island in the village of Surfside.
At its southern end, Surfside Road intersects with Western Avenue running east to west,
which has early to mid-20th century residences along its south side with a clear view of the
ocean toward the WDA. Approximately 152.4 m (500 ft) of dunes, grassed areas and scrub
brush are between the residences and the beach. Residences on the northern side of
Western Avenue have their water views partially obstructed by neighboring properties and
their vegetation, but views toward the WDA are possible.

View to the southwest toward WDA from the intersection of Surfside Road and Western
Avenue, WDA viewable at left.
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Photolocation #8 / Miacomet Golf Club
Located at 12 West Miacomet Road, the Miacomet Golf Club has an open course with
small knolls and sporadic mature tree growth approximately 7.6-9.1 m (25-30 ft) in height.
Despite the lack of significant vegetation, a view of the ocean and WDA is obstructed due
to the rolling topography.

View southwest toward WDA obstructed by topography.
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Photolocation 9 / Bartlett’s Farm
Located at 30 Bartlett Farm Road is Bartlett’s Farm, a 19th century farm complex. As a farm,
the fields provide a wide open view of the surrounding area. View toward the WDA and
WDA is possible through the fields. On nearby properties, existing treelines and residential
development obstruct the view of the WDA creating a narrow inland view corridor at this
location.

View toward WDA, visible at background right.
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Photolocation #10 / Heller’s Way and Hummock Pond Road
Hellers Way runs roughly east to west between Hummock Pond Road and Walbang
Avenue. At its southern end, Hummock Pond Road terminates at Cisco Beach with views
toward the WDA. Cisco Beach has a small bluff approximately 3 m (10 ft) in height.
Vegetation in the area consists of sporadic tree growth, approximately 7.6 m (25 ft) in
height, along with shrubbery and grassed areas. Development in this area consists of two
and half story 20th century single-family residences. The WDA view along the southern
end of Hummock Pond Road diminishes quickly, with a narrow view corridor along
Hummock Pond Road terminating after 243 Hummock Pond Road. At the intersection of
Hummock Pond Road and Hellers Way no ocean view is possible.

View southwest toward WDA obstructed by vegetation.
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Photolocation #11 / Barrett Farm Road
Barrett Farm Road originates at its northern end at Madaket Road. The road is elevated,
originating just south of Trots Hills and has a view overlooking Trots Swamp. There are few
buildings along the road and the area has dense vegetation with mature trees approximately
7.6-10 m (25-35 ft) in height. Due to the elevation and a gap in vegetation, view to the
WDA is possible at the northern end of the road and again at the southern end of the road
where a small rise permits view over the dunes at the shoreline.

View southwest toward WDA via gap in existing vegetation.

4903/Vineyard Wind

3-46

Defining The Proposed APE

Epsilon Associates, Inc.

Photolocation #12 / Washington Street and Madaket Road
The village of Madaket largely consists of early to mid-20th century residences one to two
and a half stories in height. The village is centered along Madaket Road with short
intersecting streets running off of it. The area has sporadic mature tree growth 7.6-10.6 m
(25-35 ft) in height along with shrubbery and grassed areas. From H Street northward, a
view toward the WDA along Madaket Road is obstructed. Madaket Beach at the terminus
of Madaket Road has a clear view toward the WDA.

View southwest toward WDA from the intersection of Madaket Road and Washington
Avenue, WDA visible at background left and center.
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Photolocation #13 / Massachusetts Avenue Boat Launch
Adjacent to Madaket is Smith Point with a dense cluster of early to mid-20th century single
family residences, one to two and a half stories in height. This area also has a section of
dense tree growth 10.6-12.1 m (35-40 ft) in height. The boat launch is located on Madaket
Harbor and the view toward the WDA is obstructed by buildings, topography, and
vegetation.

View southwest toward WDA is obstructed; no view of WDA is possible.
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Photolocation #14 / Eel Point
At the north end of Madaket Harbor is Eel Point and the Eel Point Marsh. Eel Point has
large dunes 3.6-4.5 m (12-15 ft) in height along with grassed areas and scrub brush. From
an elevated vantage point atop a dune, view toward the WDA is obstructed as Smith Point
and Esther Island obstruct the view in the direction of the WDA.

View southwest toward WDA obstructed.
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3.8

Cape Cod APE (Indirect Effects)
The proposed APE on Cape Cod is limited to the Towns of Mashpee, Barnstable and
Yarmouth and can be divided into two sections, including those areas pertaining to the
potential visibility of the proposed substation locations and the APE for potential visibility of
the Project. Presently, three onshore substation locations are under consideration, only one
of which one will ultimately be chosen. Each of the potential locations will be given a
quarter of a mile radius for viewshed potential.
A conservative 56.8 km (35.3 mi) initial radius was established for potential visibility of the
Project. Within the radius sections of the Towns of Mashpee, Barnstable, and Yarmouth
have the potential to view the WDA. It should be noted that the shoreline in these areas is
heavily developed with two to two and a half story residences largely dating from the late
19th and early 20th century including several listed in the State and National Registers (see
Figures 3-7-1 to 3-7-3). Those residences along the shoreline, as well as mature tree growth
7.6-9.1 m (25-30 ft) in height, obstruct the view of the WDA from those properties behind
them further inland. Due to the dense development and the extreme distance, roughly
between 30-35-miles, from the WDA, only those buildings along the shoreline are
considered within the proposed APE. Although Cape Cod is included within the proposed
APE, visual simulations demonstrate that visibility of the WDA at this distance is not
possible as the majority of the structures will be below the horizon line when viewed from
sea-level. Only the blades which were simulated to have a maximum width of 5.1 m (17 ft)
across would be potentially visible, and they are likely to be often obscured by
meteorological and oceanographic conditions and indiscernible due to distance, as shown
in the simulations.
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Figure 3-7c

Windfarm Viewshed APE Cape Cod

4.0

MITIGATING FACTORS AFFECTING VISIBILTY

4.1

Earth’s Curvature and WDA Orientation
As stated in the Calculating Potential Viewshed section, the distance from the WDA to
shore results in the Earth’s curvature creating a visual obstruction preventing visibility of the
WDA in its entirety from some locations. Elsewhere, the Earth’s curvature creates a partial
obstruction. The WDA is oriented so that the closest portion to shore is still over 23 km (14
mi) away from Martha’s Vineyard. At 23 km (14 miles), the lower section of the ESPs and
WTG’s will be below the horizon line when viewed at the shoreline (see Appendix III-H.a).
The amount of height hidden by the Earth’s curvature increases exponentially with
increasing distance from the WDA; due to the Earth’s curvature and the WDA’s distance
from shore, at no point can any of the ESPS or WTGs be viewed at their full height from
shore. Additionally, the orientation of the WDA is such that each row of WTGs is
progressively further away from shoreline, with the final row approximately 48.2 km (30
mi) from Martha’s Vineyard and Nantucket. The result of the orientation pattern is such that
the visible WTGs will be viewed as becoming smaller until indiscernible.
Each WTG is located in a row with the WTGs closet to shore in an arrow-shape due to the
shape of the WDA. With the exception of limited locations where there are extra positions
or gaps, starting at row two, the layout of the WTGs forms a regular grid pattern. The
regularity of the layout means that the WTGs closer to shore will create a visual obstruction
preventing visibility of the WTGs to the rear.

4.2

Meteorological Conditions and Color
Using historical weather data recorded at the Vineyard Haven Martha’s Vineyard Airport
and the Nantucket Memorial Airport, an average visibility from these locations can be
determined. The data examined was from an 11-year period (2006-2016) from the National
Climatic Data Center. Recorded data included temperature, humidity, and windspeed as
well as visibility for the benefit of pilots using the two airports. On average, 24% of the
time in a given year, visibility from Martha’s Vineyard is less than 16 km (10 mi). Roughly
one out of every four days or one-quarter of the year, the WDA would not be visible from
Martha’s Vineyard. Additionally, on average 32% of the time in a given year, visibility from
Nantucket is less than 16 km (10 mi).
On an annual average basis, visibility from Martha’s Vineyard is 49.5 km (30.8 mi) and
visibility from Nantucket is 37.3 km (23.2 mi). For Martha's Vineyard, the highest
visibilities during the daytime occur in the fall, and the lowest visibility occurs in the
summer. For Nantucket, the highest visibility during the daytime occurs in the fall, with the
lowest visibility in the summer. In both cases, the lowest visibilities occur in the summer.
Higher humidity and higher concentrations of photochemical smog likely cause the
reduced visibility in the summer. The reduced visibility during the summer is the result of
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higher temperature and humidity as varying weather conditions including haze, fog, various
forms and intensities of precipitation, and even more obscure events such as smoke or dust
storms. Several different conditions may occur at any time.
With the airports approximately 29.7 km (18.5 mi) at Martha’s Vineyard and 31.3 km (19.5
mi) at Nantucket (airports are not at closest shorelines) from the WDA, on an annual
average, it would only be partially visible from Martha’s Vineyard and barely visible from
Nantucket. While there will be periods of higher or lower than average visibility where the
WDA will be not visible or have more visibility, the annual average gives a relevant
assessment of potential visibility resulting from some, but not all, meteorological conditions.
Different factors affect visibility, including air quality, sea spray and salts over the ocean’s
surface, the angle of the sun, and relative humidity. The presence of sea spray and salts
affects visibility, but is not likely captured by the weather recording equipment at the
airports and also could not be expected to accurately depict conditions 29.7–31.3 km
(18.5-19.5 mi) away at the WDA. Therefore, the calculated visibility may be considered
conservative since its does not account for these light-reducing factors or the distance from
the WDA.
The proposed light gray color of the WTGs is also a factor in mitigating potential visibility.
The matte finish is designed to absorb rather than reflect light rays. Further, the selection of
the gray color is intended to blend in with the average color presented at the horizon line,
taking into account observed weather conditions.
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5.0

IMPACT ASSESSMENTS
This section assesses the potential visibility of the offshore and onshore installations (as
needed), using photographs, maps, photo-simulations and other graphics to evaluate visual
impact. The assessments are based upon the most potential visibility the Project may have
in ideal weather conditions. Photo-simulations referenced in this document are included in
Appendix III-H.a.

5.1

Martha’s Vineyard Viewshed Assessments
The following is a list of photosimulations from Martha’s Vineyard:
A1

Gay Head Cliffs, Aquinnah

The Gay Head Cliffs represent the westernmost location on Martha’s Vineyard and is
located next to the Aquinnah shops (MHC# GAY.B). The Cliffs have a view approximately
100 ft above the waterline.
Simulation A1 shows that the WDA will be visible at the horizon line.
A2

Gay Head Lighthouse (MHC# GAY.90), Aquinnah

Constructed in 1856, the Gay Head Lighthouse is individually listed in the National Register
and, like the Cliffs and Aquinnah Cultural Center, has a view over Aquinnah toward the
ocean.
Simulation A2 shows that the WDA will be visible at the horizon line.
A3

Aquinnah Cultural Center (MHC# GAY.90), Aquinnah

Constructed in 1890, the Edwin Vanderhoop Homestead, also known as the Aquinnah
Cultural Center, is individually listed in the National Register.
Simulation A3 shows that the WDA will be visible at the horizon line.
A4

Squibnocket Beach, Chilmark

Squibnocket Beach is located on the southern shoreline and in proximity to historic
resources included in the Inventory.
Simulation A4 shows that the WDA will be minimally visible at the horizon line.
A5

Lucy Vincent Beach, Chilmark

Lucy Vincent Beach is located on the southern shoreline and in proximity to historic
resources included in the Inventory.
4903/Vineyard Wind
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Simulation A5 shows that the WDA will be minimally visible at the horizon line.
A6
Barn House / Skiff-Mayhew-Vincent House (MHC# CHL.A) 451 South Road,
Chilmark
This historic barn complex dates to 1690 and is listed in the National Register with a view
to the WDA via the open fields on the southern side of South Road from the property.
Simulation A6 shows that the WDA will be visible at the horizon line.
A7

Long Point Beach, West Tisbury

Long Point Beach is located on the southern shoreline and in proximity to the Scrubby
Neck Schoolhouse (MHC# WTI.170) included in the Inventory.
Simulation A7 shows that the WDA will be visible at the horizon line.
A8

Katama/South Beach, Edgartown

Katama/South Beach is located along the southern shoreline.
Simulation A8 shows that the WDA will be visible at the horizon line.
A9

Chappy Point, Gardner Beach, Edgartown

This location is across the narrow channel known as Middle Ground from the historic town
center of Edgartown and its State and National Register Historic Districts (MHC# EDG.B and
EDG.A).
Simulation A9 shows that the WDA will be visible via Katama Bay.
A10

Wasque Reservation

Katama/South Beach is located at the southeastern end of Martha’s Vineyard providing a
counterpoint view from the selected areas on the western end.
Simulation A10 shows that the WDA will be visible at the horizon line.
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Table 5-1
Property Name

Martha’s Vineyard Historic Property Viewshed Assessments
Designation / Eligibility
Recommendation

MHC#

Address

Gay Head
Light

GAY.900

15
Aquinnah
Circle,
Aquinnah

NRIND (Moved in 2015
150-feet, still listed)

Significant. Existing topography and
vegetation partially screen the WDA from
view. However, the maritime setting of this
resource, and its viewshed, would be
altered through the introduction of new
elements. As a lighthouse, a clear ocean
view is integral to its character and setting.

Edwin
Vanderhoop
Homestead

GAY.40

35 South
Road,
Aquinnah

NRIND

Significant. Existing topography and
vegetation partially screen the WDA from
view. However, the maritime setting of this
resource, and its viewshed, would be
altered through the introduction of new
elements. The homestead is oriented to
take advantage of the ocean view and the
seaside setting and is integral to its setting.

Gay Head –
Aquinnah
Shops Area

GAY.B

Aquinnah
Circle,
Aquinnah

INV Area / NR eligible.
Significant under
Criterion A as a
collection of mid-20th
century roadside shops
associated with the rise
of the automobile era
and increased tourism at
Gay Head Cliffs.
Buildings retain historic
design integrity and
character

Significant. Existing topography and
vegetation partially screen the WDA from
view. The maritime setting of this resource,
and its viewshed, would be altered through
the introduction of new elements. The
Shops were built to take advantage of the
ocean view and the seaside setting and is
integral to their setting.

71 Moshup
Trail

GAY.31

71
Moshup
Trail

INV / Not eligible

No significant properties affected. Due to
location and orientation of this resource, as
well as existing vegetation, visibility of the
WDA (if possible) will be limited.

Elijah Smith
House

CHL.39

9 Quista
Lane,
Chilmark

INV / NR eligible.
Significant under
Criterions A & C as an
18th century Cape style
farmhouse with
connections to
Revolutionary War raid.
Building retains its
historic design integrity
and character

Significant. Although existing buildings and
structures as well as topography and
vegetation partially screen the WDA from
view, the maritime setting of this resource,
and its viewshed, would be altered through
the introduction of new elements. This
property is oriented to the south and ocean
view; as part of historically utilizing natural
light, therefore a view to the ocean is
integral to its setting.

4903/Vineyard Wind

5-3

Potential Impact

Impact Assessments

Epsilon Associates, Inc.

Table 5-1
Property Name

Martha’s Vineyard Historic Property Viewshed Assessments (Continued)
MHC#

Address

Designation / Eligibility
Recommendation

Potential Impact

Nathan
Mayhew
Gravestone

CHL.802

1 Quitsa Lane

INV / NR eligible with
CHL.39 as a district.
Significant under Criterions A
& C as an 18th century grave
marker. Headstone has
death’s head motif.
Contributes to 18th century
setting ofCHL.39

Significant. Due to location and
orientation of this resource as well
as existing vegetation and
buildings, visibility of the WDA (if
possible) will be limited due to
intervening buildings and
vegetation. However, as part of a
potential district with CHL.39 the
character of the district would be
adversely affected due to potential
visual effects to CHL.39.

Elliot Mayhew
House

CHL.12

1 Greenhouse
Lane, Chilmark

INV / NR eligible. Significant
under Criterions A & C as an
example of Greek Revival
architecture and associated
with Mayhew family.

Minor. While the WDA may be
visible, its view is obstructed by
intervening buildings and
structures and vegetation.

Chilmark
Town Pound

CHL.902

State Road,
Chilmark

INV / NR eligible. Significant
under Criterions A & C as an
example of a 19th century
town pound and associated
with Mayhew family.

None, ocean viewshed obstructed
by topography and vegetation.

Hariph’s Creek
Bridge

CHL.900

State Road,
Chilmark

INV / not eligible,
demolished

N/A, resource demolished.

James Moshire
House

CHL.54

19 State Road

INV / NR eligible. Significant
under Criterions A & C as an
example of Queen Anne
architecture and development
along State Road. First owner
was a credited 19th century
stonemason and builder.

None, ocean viewshed obstructed
by vegetation

Benjamin
Lambert House

CHL.55

51 State Road

INV / not eligible,
demolished

N/A, resource demolished.

Captain
Ephraim Poole
Farm

CHL.B

14 Menemsha
Crossroad,
Chilmark

INV Area / NR eligible.
Significant under Criterions A
& C as a 19th century farm
complex with Greek Revival
house, barns privy, corn crib
and stone walls

None, ocean viewshed obstructed
by vegetation.

Chilmark
Town Center

CHL.D

Roughly
bounded by
Middle Road
and South
Road,
Chilmark

INV Area / MHC determined
eligible

None, ocean viewshed obstructed
by vegetation.
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Table 5-1
Property Name

Martha’s Vineyard Historic Property Viewshed Assessments (Continued)
MHC#

Address

Designation / Eligibility
Recommendation

Potential Impact

Martha’s Vineyard
American
Revolution
Battlefield

CHLE

Centered Along
South Road in
Chilmark

INV Area / NR eligible.
Significant under Criterions
A & C as a collection of
historic properties dating
from the 18th century
associated with the 1778
British raid, with later19th
and 20th century infill
properties.

Minor. This area is a three mile
long area, connecting to other
sections throughout Martha’s
Vineyard. From select locations
within the area, the WDA is
visible; however, the overall
character of such a large area
will not be adversely affected.

Vincent Mayhew
House

CHL.A

451 South Road,
Chilmark

NRDIS

Significant. While topography
and vegetation partially screen
the WDA from view, the
maritime setting of this
resource, and its viewshed,
would be altered through the
introduction of new elements.
This property is oriented to the
south and ocean view as part of
historically utilizing natural
light, therefore a view to the
ocean across the open field to
the south is integral to its setting

Captain Samuel
Hancock House

CHL.35

141 Quansoo
Road, Chilmark

INV / MHC determined
eligible

None, ocean viewshed
obstructed by vegetation.

Experience
Mayhew House

CHL.36

11 Quenames
Road, Chilmark

INV / NR eligible.
Significant Criterions A & C
as an 18th century example
of Cape style architecture,
despite later alterations still
retains character and
historic association with
Mayhew family.

None, ocean viewshed
obstructed by vegetation.

Pricilla Hancock
House

CHL.37

142 Quenames
Road, Chilmark

INV / not eligible

No significant properties
affected, ocean viewshed
obstructed by vegetation.

Russell Hancock
House

CHL.38

146 Quenames
Road, Chilmark

INV / not eligible

No significant properties
affected. Due to location and
orientation of this resource as
well as existing vegetation,
visibility of the WDA (if
possible) will be limited.
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Table 5-1
Property
Name

Martha’s Vineyard Historic Property Viewshed Assessments (Continued)
MHC#

Address

Designation / Eligibility
Recommendation

Potential Impact

Scrubby Neck
Schoolhouse

WTI.170

330 Long
Point Road

INV / not eligible

No significant properties affected. Due
to location and orientation of this
resource as well as existing vegetation
and topography, visibility of the WDA
will be limited.

Edgartown
Village
Historic
District

EDG.A

Roughly
bound by
Katama Bay
Main Street,
Peases Point
Way, Planting
Field Way

NR DIS

Significant. While existing buildings
and structures as well as topography
and vegetation partially screen the
WDA from view, the maritime setting
of this resource, and its viewshed,
would be altered through the
introduction of new elements.
Edgartown is an historic port
community and the view to the ocean
via Katama Bay is integral to its
character and setting.

Edgartown
Village
Historic
District

EDG.B

Roughly
bound by
Katama Bay
Main Street,
Peases Point
Way, Planting
Field Way

SR / NR eligible.
Significant under
Criterions A & C as a
collection of early 20th
century residences and
pattern of development in
Edgartown. Contributes
to a potential boundary
expansion of EDG.A

Significant. While existing buildings
and structures as well as topography
and vegetation partially screen the
WDA from view. The maritime setting
of this resource, and its viewshed,
would be altered through the
introduction of new elements.
Edgartown is an historic port
community and the view to the ocean
via Katama Bay is integral to its
character and setting.

5.2

Nantucket Viewshed Assessments
The following is a list of photosimulations from Nantucket:
A11

Madaket Beach

Madaket Beach is located in the historic village of Madaket and a simulation from this
viewpoint will also serve to assess effects on nearby historic properties.
Simulation A11 shows that the WDA will be visible at the horizon line.
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A12

Cisco Beach (at terminus of Hummock Pond Road)

Cisco Beach is located in the village of Cisco and a simulation from this viewpoint will also
serve to assess effects on nearby properties.
Simulation A12 shows that the WDA will be visible at the horizon line.
A13

Bartlett’s Farm, 33 Bartlett Farm Road

Known as Bartlett’s Farm Ocean View Farm, this location is an important agricultural
resource and one of a few working farms on the island. The Farm dates to the 19th century
and is a historic resource.
Simulation A13 shows that the WDA will be minimally visible at the horizon line.
A14, A15 and A16

Miacomet Beach and Pond, Surfside Beach and Nobdeer Beach

These locations are in the historic village of Surfside and a simulation from these viewpoints
will also serve to assess effects on nearby historic properties. Each of the three beaches in
Surfside: Miacomet, Surfside, and Nobdeer have different orientations due to the coastline
and simulations will vary from each.
Simulation A14 shows that the WDA will be visible at the horizon line.
Simulation A15 shows that the WDA will be visible at the horizon line.
Simulation A16 shows that the WDA will be visible at the horizon line.
A17

Tom Nevers Field

Madequecham is located along the southern shoreline.
Simulation A17 shows that the WDA will be visible at the horizon line.
A18

Great Point Lighthouse

Although a modern lighthouse, the Great Point Lighthouse is a scenic resource and
incorporates stones into its structure from the original historic lighthouse that was once
located nearby.
Simulation A18 shows that the WDA will be minimally visible at the horizon line.

4903/Vineyard Wind

5-7

Impact Assessments

Epsilon Associates, Inc.

Table 5-2

Property Name

Nantucket, Tuckernuck and Musketget Islands Historic Property Viewshed
Assessments
Designation / Eligibility
Recommendation

MHC#

Address

Nantucket
Historic
District

NAN.D

Nantucket
Island

NHL

Significant. The maritime setting of
this resource, and its viewshed,
would be altered through the
introduction of new elements.
Existing buildings and structures as
well as topography and vegetation
screen the WDA from view from
large portions of the district away
from the southern shoreline.
However, the setting along the
southern and western ends of the
island will be altered

Nantucket
Historic
District

NAN.F

Tuckernuck
Island

NHL

Significant. The maritime setting of
this resource, and its viewshed,
would be altered through the
introduction of new elements.
Existing buildings, structures and
vegetation partially screen view of
the WDA at some inland locations.
From a large portion of the island the
WDA will be visible and the setting
will be altered.

Nantucket
Historic
District

NAN.D

Muskeget
Island

NHL

Significant. The maritime setting of
this resource, and its viewshed,
would be altered through the
introduction of new elements. The
island is largely devoid of structures
with only one building, used as a
summer residence. The WDA is
expected to be visible from the
majority of the island altering its
setting.
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Table 5-3
Property Name

Cuttyhunk Island Historic Property Viewshed Assessments (see Figure 5-1)
MHC#

Address

Designation / Eligibility
Recommendation

Potential Impact

Cuttyhunk
Cemetery

GOS.800

Cemetery
Road,
Cuttyhunk

INV / MHC determined
eligible

None, due to location and
orientation of this resource
as well as existing vegetation
and topography, visibility of
the WDA will be limited.
Only a narrow view corridor
to the WDA is possible
between Nomans Island and
Martha’s Vineyard. Based
on simulations at a similar
distance, the WDA will not
be indiscernible.

U. S. Coast
Guard Boathouse
and Wharf

GOS.1

Cuttyhunk
Island

INV / MHC determined
eligible

None, due to location and
orientation of this resource
as well as existing vegetation
and topography, visibility of
the WDA will be limited.
Only a narrow view corridor
to the WDA is possible
between Nomans Island and
Martha’s Vineyard. Based
on simulations at a similar
distance, the WDA will be
indiscernible.

Cuttyhunk Union
Methodist
Church

GOS.2

75 Tower Hill
Road,
Cuttyhunk
Island

INV / MHC determined
eligible

None, due to location of this
resource as well as existing
vegetation buildings and
structures and topography,
visibility of the WDA will be
obstructed.
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Figure 5-1

Windfarm Viewshed APE Cuttyhunk Island

5.3

Nantucket Sound Viewshed Assessment
The following assessment is for Nantucket Sound. The boundary for the National Register
Eligible property of Nantucket Sound as it relates to other waterways has not been fully
defined.

Table 5-4

Nantucket Sound Historic Property Viewshed Assessments

Property Name
Nantucket
Sound

5.4

MHC#

Address

Varies, shown
on maps as
YAR.917,
BRN.9072
and EDG.907

Roughly
bound by
Vineyard
Sound, Cape
Cod, Martha’s
Vineyard and
Nantucket

Designation /
Eligibility
Recommendation
NR DOE

Potential Impact Determination
Minor. Visual simulations from
Nantucket and Cape Cod
demonstrate the WDA will only
be visible at the southern end of
the Sound via a narrow view
corridor between Nantucket and
Martha’s Vineyard. The majority
of Nantucket Sound will be
unaffected. There will be no
visual effect for undersea cables.

Mashpee Viewshed Assessment
The following is a list of photosimulations from Mashpee:
A19

Popponesset Beach, Mashpee

This location on Nantucket Sound is near the Popponesset Inn Beach Area (MHC# MAS.F)
and represents the southernmost historic resource (closest to WDA) on Cape Cod.
Simulation A19 demonstrates that visibility of the WDA is not possible from this location
due to extreme distance and Martha’s Vineyard serving as an obstruction.
Table 5-5

Mashpee Historic Property Viewshed Assessments

Property Name

MHC#

Address

Popponesset Beach
Area

MAS.F.900

Roughly bound by
Shore Drive and
Nantucket Sound,
Mashpee
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5.5

Barnstable Viewshed Assessments
The following is a list of photosimulations from Barnstable:
A20

Kalumus Beach, Barnstable

This location at the confluence of Lewis Bay and Nantucket Sound is adjacent the Wianno
National Register Historic District (MHC# BRN.J). Additionally, it is at similar latitude /
distance to WDA as BRN.E the Hyannis Port Historic District.
Simulation A20 demonstrates that visibility of the WDA is not possible from this location
due to extreme distance.
Table 5-6
Property
Name

Barnstable Historic Property Viewshed Assessments
MHC#

Address

Designation / Eligibility Recommendation

Potential Impact

William
Gibbons
Morse
House

BRN.20
94

307 Ocean
View Avenue

INV / NR eligible. Significant under
Criterions A & C as an example of Colonial
Revival architecture and development of
summer residences in this area of
Barnstable. Contributes to an expansion of
BRN.K

None, visual
simulations
demonstrate the
WDA will not be
visible.

Cotuit
Highground

BRN.Y

Roughly bound
by Ocean
Avenue and
Main Street
Cotuit

INV Area / NR eligible. Significant under
Criterions A & C as an example of late 19th
and early 20th century architecture and
development of summer residences in this
area of Barnstable. Contributes to an
expansion of BRN.K

None, visual
simulations
demonstrate the
WDA will not be
visible.

Cotuit
Historic
District

BRN.K

Roughly bound
by Main Street
and Main Street
Cotuit

NRDIS

None, visual
simulations
demonstrate the
WDA will not be
visible.

Oyster
Harbors

BRN.A
Z

Osterville Rand
Island

INV Area / NR eligible. Significant under
Criterions A & C as a potential district
consisting of early 20th century residences
in particular Shingle and Colonial Revival
styles.

None, visual
simulations
demonstrate the
WDA will not be
visible.

Osterville
North and
West Bays

BRN.A
M

Roughly bound
by Sea View
Road, Osterville
Rand Island and
Cotuit Bay

INV Area / NR eligible as a much smaller
area centered on Bridge Street. Significant
under Criterions A & C as a collection of
late 19th and early 20th century residences
including two already listed. Exemplifies,
Queen Anne, Shingle and Colonial Revival
styles.

None, visual
simulations
demonstrate the
WDA will not be
visible.
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Table 5-6
Property
Name

Barnstable Historic Property Viewshed Assessments (Continued)
MHC#

Address

Designation / Eligibility
Recommendation

Potential Impact
Determination

George
Phelps House

BRN.2036

821 Sea View
Avenue

INV / NR eligible.
Significant under Criterions
A & C as an example of
Victorian Eclectic style and
development of summer
residences.

None, visual
simulations
demonstrate the WDA
will not be visible.

Richard Cross
House

BRN.2035

299 Sea View
Avenue

INV / not eligible

No significant
properties affected.
Visual simulations
demonstrate the WDA
will not be visible.

Wianno Area

BRN.BB

Roughly bound by
Wianno Avenue and
Sea View Avenue

INV Area / NR eligible as a
limited expansion of BRN.J.
Significant as a collection of
late 19th and early 20th
century buildings including
Shingle, Italianate and
Queen Anne meeting
Criterions A& C.

None, visual
simulations
demonstrate the WDA
will not be visible.

Wianno
Historic
District

BRN.J

Roughly bound by
Wianno Avenue and
Sea View Avenue

NR DIS

None, visual
simulations
demonstrate the WDA
will not be visible.

Willard P.
Whittemore
House

BRN.2250

177 Long Beach
Road

INV / not eligible

No significant
properties affected.
Visual simulations
demonstrate the WDA
will not be visible.

Harry Thayer
House

BRN.2249

169 Long Beach
Road

INV / not eligible

No significant
properties affected.
Visual simulations
demonstrate the WDA
will not be visible.

Robert Orr
House

BRN.2248

157 Long Beach
Road

INV / not eligible

No significant
properties affected.
Visual simulations
demonstrate the WDA
will not be visible.

Joseph
Cardoze
House

BRN.2246

121 Long Beach
Road

INV / not eligible

No significant
properties affected.
Visual simulations
demonstrate the WDA
will not be visible.

Herbert

BRN.2244

103 Long Beach

INV / not eligible

No significant
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Brooks
Crosby House

Road

properties affected.
Visual simulations
demonstrate the WDA
will not be visible.

1060-1078
Craigville
Beach Road

BRN.BD

1060-1078
Craigville Beach
Road

INV / not eligible

No significant
properties affected.
Visual simulations
demonstrate the WDA
will not be visible.

1006
Craigville
Beach Road

BRN.BG

1006 Craigville
Beach Road

INV / not eligible

No significant
properties affected.
Visual simulations
demonstrate the WDA
will not be visible.

Christian
Camp
Meeting
Association

BRN.2208

915 Craigville
Beach Road

INV / NR eligible.
Significant under Criterions
A & C as an example of midcentury Colonial Revival
architecture and camp
meeting association and rise
of the automobile.

None, visual
simulations
demonstrate the WDA
will not be visible.
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Table 5-6

Barnstable Historic Property Viewshed Assessments (Continued)
Designation / Eligibility
Recommendation

Property Name

MHC#

Address

William Covell
Beach Marker

BRN.946

Craigville Beach Road

INV / not eligible

No significant
properties affected.
Visual simulations
demonstrate the
WDA will not be
visible.
Underground cable
route will also not
be visible.

Hyannis Port
Area

BRN.AS

Roughly Bound by
Island Avenue, Squaw
Island Road, Smith
Street, Marston
Avenue and Ocean
Avenue

INV Area / NR eligible as small
district along Scudder Ave and
Craigville Beach Road.
Significant under Criterions A &
C as a collection of late 19th
century residences including
Greek Revival, Colonial Revival
and Victorian Eclectic and
development of Hyannis Port.

None, visual
simulations
demonstrate the
WDA will not be
visible.

Hyannis Port
Historic
District

BRN.E

Roughly bound by
Squaw Island Road,
Scudder Avenue,
Hyannis Avenue and
Ocean Avenue

NRDIS

None, visual
simulations
demonstrate the
WDA will not be
visible.

Kennedy
Compound

BRN.AJ

Roughly bound by
Irving Avenue,
Marchant Avenue and
Nantucket Sound

NHL

None, visual
simulations
demonstrate the
WDA will not be
visible.

William T.
Beals House /
Craigville
General Store

BRN.2207

628 Craigville Beach
Road

INV / not eligible

No significant
properties affected.
Underground cable
route will not be
visible.

Phinney’s Lane
Area

BRN.AI

Centered along
Phinney’s Lane

INV Area / not eligible

No significant
properties affected.
Underground cable
route will not be
visible.

Old Kings
Highway
Regional
Historic
District

BRN.O

Roughly bound by
Rote 6 and Cape Cod
Bay

SR / NR eligible. Significant as a
collection of 18th, 19th, and early
20th century residences including
Federal, Greek Revival,
Italianate, Queen Anne and
Colonial Revival as well as the
development of Cape Cod along

Underground cable
route will not be
visible and
proposed substation
upgrades will be
minimally (if at all)
visible.
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its historic travel corridor.
Yarmouth
Campground
Historic
District

Table 5-7

BRN.AT

Roughly bound by
Grace Avenue and
Willow Street

NRDIS

None, underground
cable route will not
be visible.

Yarmouth Historic Property Viewshed Assessments
Designation / Eligibility
Recommendation

Potential Impact
Determination

Property Name

MHC#

Address

George
Stevens House

YAR.289

6 New Hampshire
Avenue

INV / not eligible

No significant properties
affected. Visual simulations
demonstrate the WDA will
not be visible. Underground
cable will also not be
visible.

SchirmerPennock
House

YAR.739

26 New
Hampshire Avenue

INV / not eligible

No significant properties
affected. Underground cable
will not be visible.

Lewis Bay
Yacht Club

YAR.669

179 Berry Avenue

INV / not eligible

No significant properties
affected. Underground cable
will not be visible.

Chimberly
Fires Lodge

YAR.667

174 Berry Avenue

INV / not eligible

No significant properties
affected. Underground cable
will not be visible.

Louise Saxe
House

YAR.670

180 Berry Avenue

INV / not eligible

No significant properties
affected. Underground cable
will not be visible.

Charles Allen
House

YAR.666

168 Berry Avenue

INV / not eligible

No significant properties
affected. Underground cable
will not be visible.

151 Berry
Avenue

YAR.290

151 Berry Avenue

INV / NR eligible.
Significant as a surviving
example of Gothic Revival
architecture in a former
camp meeting ground.

None, underground cable
will not be visible.

Philias House

YAR.291

133 Berry Avenue

INV / not eligible

No significant properties
affected. Underground cable
will not be visible.

105 Berry
Avenue

YAR.287

105 Berry Avenue

INV / not eligible

No significant properties
affected. Underground cable
will not be visible.

Johnson House

YAR.292

92 Berry Avenue

INV / not eligible

No significant properties
affected. Underground cable
will not be visible.
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Camiel House

YAR.690

257 South Sea
Avenue

INV / not eligible

No significant properties
affected. Underground cable
will not be visible.

Ella Behr
House

YAR.689

246 South Sea
Avenue

INV / not eligible

No significant properties
affected. Underground cable
will not be visible.
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Table 5-7

Yarmouth Historic Property Viewshed Assessments (Continued)
Address

Designation / Eligibility
Recommendation

Potential Impact
Determination

Property Name

MHC#

Capt. Zadok
Crowell House

YAR.274

185 South Sea
Avenue

INV / NR eligible with YAR.275.
Significant as a collection of
Federal style residences associated
with Yarmouth’s maritime history.

None, underground
cable will not be
visible.

Capt. Zadok
Crowell House

YAR.275

185 South Sea
Avenue

INV / NR eligible with YAR.274.
Significant as a collection of
Federal style residences associated
with Yarmouth’s maritime history.

None, underground
cable will not be
visible.

Wolcott
Gilmore
House

YAR.712

48 Berry Avenue

INV / not eligible

No significant
properties affected.
Underground cable
will not be visible.

Yarmouth
Campground
Historic
District

YAR.B

Roughly bound
by Grace Avenue
and Willow
Street

NRDIS

None, underground
cable will not be
visible.

Old King’s
Highway
Historic
District

YAR.G

Roughly bound
by Route 6 and
Cape Cod Bay

SR / NR eligible. Significant as a
collection of 18th, 19th, and early
20th century residences including
Federal, Greek Revival, Italianate,
Queen Anne and Colonial Revival
as well as the development of
Cape Cod along its historic travel
corridor.

None, underground
cable will not be
visible.

Point Gammon
Lighthouse

NA

Point Gammon,
Great Island
Road

None, identified during survey /
not eligible

No significant
properties affected.
Visual simulations
demonstrate the WDA
will not be visible.

*Designation Legend
NHL
National Historic Landmark
NRIND
Individually listed on the National Register of Historic Places
NRDIS
National Register of Historic Places Historic District
NRDOE
Determined eligible for inclusion in the National Register of Historic Places
NHL
National Historic Landmark
SR
State Register of Historic Places
LHD
Local Historic District
LL
Local Landmark
INV
Individually included in the Inventory of Historic and Archaeological Assets of the Commonwealth
INV Area Area included in the Inventory of Historic and Archaeological Assets of the Commonwealth
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6.0

CONCLUSIONS

6.1

Direct Effects
As described above, direct effects are defined as construction-related impacts or areas of
potential disturbance by the Project. These areas include proposed cable routes and a new
electrical substation in Barnstable. Since marine cables will be underwater and not visible
and terrestrial cables will be underground and not visible, it is assumed that no adverse
visual effects to historic properties will occur as a result of construction related activities.
While the construction disturbance itself will be visible, it will be a temporary condition.

6.2

Indirect Effects
As also described above, indirect or visual effects include those areas where the Project
may be visible. For terrestrial areas this includes the onshore substation. Based upon the
location of the onshore substation site and nearby historic resources, only one property
BRN.O / Old King’s Highway Regional Historic District is within one-quarter mile of the
site. The District is located across Route 6, a secondary highway, and through existing
mature tree growth. No adverse visual effects are anticipated as a result of modifying the
substation or constructing an adjacent station, if needed, as any proposed new building or
structures will not likely be larger than the existing substation facility.
The initial proposed APE for indirect effects for the WTGs is 56.8 km (35.3 mi) (with
exclusions) from the construction site at the northeastern half of the WDA. Some areas
within the 56.8 km (35.3 mi) radius were excluded from the proposed APE due to
obstructions, including topography and vegetation. Simulations demonstrate that properties
on Cape Cod that have a view toward the WDA are at least 48.2 km (30 mi) away. At that
range, the WTGs are cannot be seen as the majority of each WTG is below the horizon
line, leaving only the blades, which measuring between 5.1 m (17 ft) across at the base to
approximately 1.6 m (5.5 ft) at the tip, above the horizon line. Such a small feature viewed
from such a great distance is not discernible.
Individual APEs for the islands of Martha’s Vineyard and Nantucket were developed as a
result of field survey for the potential to view the WDA. Martha’s Vineyard has seven
historic properties with high visibility of the WDA in ideal weather conditions. These
properties have been determined to have potential adverse visual impacts due to changes in
their setting as a result of the Project.
Muskeget Island, Esther Island, and Tuckernuck Island, along with the island of Nantucket,
are collectively designated as part of the same National Historic Landmark designation.
These islands also have been determined to have potential adverse visual impacts due to
changes in their setting as a result of the Project. Due to the narrow viewshed of the WDA
from Cuttyhunk Island, and its 48.2 km (30 mi) distance to the WDA, the Project will likely
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have no effect on the properties on Cuttyhunk Island. No historic structures, buildings, or
landscapes have been identified on Nomans Land, therefore no effects are anticipated.
For those properties with potential changes to their viewsheds, a variety of mitigating
circumstances are present. For all properties it is not the viewshed of the property that is
being affected, but rather the viewshed from the property, which in some cases is not as
significant. In the case of Nantucket, the size of the district is a mitigating factor as only
views from the southern and western ends of the island will be affected; therefore, the
majority of the island and district remains unaffected. For the Edgartown Historic Districts
(MHC# EDG.A and B), intervening tree growth and structures mitigate the view to the
WDA, which is only achievable when viewing down Katama Bay through the existing
harbor.
For properties with an unobstructed view of the ocean, such as those in Gay Head,
including the Gay Head Light (MHC# GAY.900), the Edwin Vanderhoop Homestead
(MHC# GAY.40,) and the Gay Head – Aquinnah Shops Area (MHC# GAYB), it is only the
southerly viewshed from the properties that will be affected and only a portion of the WDA
will be visible due to obstructing topography and vegetation.
Most importantly distance and weather conditions render the WDA not visible during many
times of the year. Therefore, while some properties may be adversely affected by the
Project, they will only be so during ideal weather conditions on a temporary basis.
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Acronyms and Abbreviations
Acronym or Abbreviation

Full Description

AC

Alternating Current

ACPARS

Atlantic Coast Port Access Route Study

AHTV

Anchor-handling Tug (Supply) Vessels

AIS

Automatic Identification System

API

American Petroleum Institute

ASCC

Air Station Cape Cod

ATON

Aids to Navigation

BOEM

Bureau of Ocean Energy Management

BWEA

British Wind Energy Association

CBRA

Cable Burial Risk Assessment

CLV

Cable-Lay Vessels

COLREGS

International Regulations for Preventing Collisions at Sea

COP

Construction Operation Plan

COSPAS SARSAT

Cosmicheskaya Sisteyama Poiska Avariynich Sudov - Search and Rescue SatelliteAided Tracking - Satellite used for tracking

CTV

Crew Transfer Vessel

CVA

Certified Verification Agency

dB

decibel (measure of sound intensity)

dBA

decibel Ampere

DC

Direct Current

DOE

Department of Energy

DPS

Dynamic Positioning System

DSC

Digital Selective Calling

DWT

Deadweight Tonnage

EM

Electromagnetic

EMF

Electromagnetic Field

EPRIB

Emergency Position Indicating Radio Beacon

ESP

Electrical Service Platform

FAA

Federal Aviation Agency

FCC

Federal Communications Commission

FEM

Finite Element Method
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Acronym or Abbreviation

Full Description

FRC

Fast Response Cutters

ft

feet

ft

2

square feet

GE

General Electric

GPS

Global Positioning System

GT

Gross Tonnage

H3

Hurricane Category 3

HF

High Frequency

Hz

hertz

IALA

International Association of Lighthouse Authorities

IEC

International Electrotechnical Commission

IPS

Intermediate Peripheral Structures

JBCC

Joint Base Cape Cod

kHz

kilohertz

km

kilometer

2

km

square kilometer

knots

speed (unit measured in nautical miles / hour)

m

meter

m/s
m/s

meters per second
2

meters per second squared

MA WEA

Massachusetts Wind Energy Area

MassDEP

Massachusetts Department of Environmental Protection

MEC

Medium-Endurance Cutters

MER

Marine Environmental Protection and Response

MHHW

Mean Higher High Water

MHW

Mean High Water

MHz

megahertz

mi

miles

2

mi

square miles

MISLE

Marine Information for Safety and Law Enforcement

MLB

Motor Life Boat (USCG classification)

MLLW

Mean Lower Low Water
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Acronym or Abbreviation

Full Description

MLW

Mean Low Water

MN

collision load

MPa

Megapascal (unit of pressure measurement)

MPH

miles per hour

MSL

Mean Sea Level

MT

Metric Tons

MW

megawatt

NBHDC

New Bedford Harbor Development Commission

n.d.

no date

NDBC

National Data Buoy Center

NE

North East (or Northeast)

NER

Northeast Region

NM

Nautical miles

NMFS

National Marine Fisheries Service

NOAA

National Oceanic and Atmospheric Administration

NRA

Navigational Risk Assessment

NROC

Northeast Regional Ocean Council

NSRA

Navigational Safety Risk Assessment

NSF

Navigational Science Foundation

NTM

Notice to Mariners

NYSERDA

New York State Energy Research and Development Authority

NVIC

Navigation Vessel Inspection Circular 02-07

NW

Northwest

O&M

Operation & Maintenance

OECC

Offshore Export Cable Corridor

Offshore Project Area

The offshore area where Project components are physically located.

OSHA

Occupational Safety and Health Organization

P&C

Pre-Construction & Construction

PATON

Private Aids to Navigation

PAVE/PAWS

Precision Acquisition Vehicle Entry/Phased Array Warning System

RACON

Radar Transponder

Radar

Radio Detecting and Ranging
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RB-M

Response Boat - Medium (USCG classification)

RB-S II

Response Boat - Small (Class II) (USCG classification)

RH

Relative Humidity

RI

Rhode Island

Ro-Ro

Roll On - Roll Off

SAMP

Special Area Management Plan

SAR

Search and Rescue

Satphone

Satellite Telephone

SE

Southeast

SENE

Southeast New England

SORTIE

Special Operations Rescue Tactical Interdiction Expeditions

SPS

Significant Peripheral Structure

SW

Southwest

TEU

Twenty-foot Equivalent Units (Measurement of Shipping Cargo Boxes)

TR

Transatlantic Race

TS

Tropical Storm

TSS

Traffic Separation Scheme

UF

Utilization Factor

UHF

Ultra High Frequency

UK

United Kingdom

UNOLS

University-National Oceanographic Laboratory System

USACE

United States Army Corps of Engineers

USAF

United States Air Force

USCG

United States Coast Guard

USDOT

United States Department of Transportation

Vestas

Vestas Wind Turbine Company

VHF

Very High Frequency Radio

WDA

Wind Development Area

WEA

Wind Energy Area

WHOI

Woods Hole Oceanographic Institution

WLB

Hull Classification for USCG Cutter (Buoy Tender, Seagoing)

WLM

Hull Classification for USCG Cutter (Buoy Tender, Coastal)
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WPB

Hull Classification for USCG Cutter (Buoy Tender, Seagoing)

WTG

Wind Turbine Generator
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1 Executive Summary
A qualitative Navigational Risk Assessment (“NRA”) was conducted to determine the potential impacts
of the Project on navigational safety. A comprehensive analysis of current literature and recent vessel
traffic data within the Project Area were used in the assessment. The NRA found that the Project will
create only minor impacts to navigational safety within the Offshore Project Area once operational.
During the construction phase, increased construction vessel traffic within the area could potentially
increase risk to navigational safety in the approach channels leading to the construction ports and within
the offshore export cable corridor (“OECC”) during cable–laying activities. Mitigation measures have
been developed to minimize and reduce impacts to commercial and recreational navigation safety
during all Project phases to the greatest extent practicable.
Project Description
Vineyard Wind is proposing to construct an ~800 megawatt (“MW”) offshore wind project (“the
Project”) comprised of up to 106 wind turbine generators (“WTGs”) ranging in size from eight to 10 MW.
The Project would be located more than 23 kilometers (“km”) (14 miles [“mi”]) southeast of Martha’s
Vineyard in the northern portion of the 675 square kilometer (“km2”) (261 square miles [“mi2”]) Lease
Area OCS-A-0501, herein referred to as the Wind Development Area (“WDA”).
Based on the type and size of WTG that could be selected for installation in the WDA, each WTG could
have a hub height of 109 - 121 meters (“m”) (358 - 397 feet [“ft”]) above mean lower low water
(“MLLW”) and a rotor diameter ranging from 164 - 180 m (538 - 591 ft). If eight MW turbines are used,
up to 106 WTGs would be installed; if 10 MW turbines are used, up to 88 WTGs would be installed. The
WTGs will be laid out in a grid-like pattern with spacing of 1.4 - 1.8 km (0.76 - 1.0 nautical miles [“nm”])
between turbines. The Project design incorporated feedback from local fishermen about their fishing
and gillnetting techniques and fishing locations (Kendall, 2016). The symmetry and NW-SE orientation of
the WTG layout also takes into account prevalent vessel travel patterns, which were analyzed using the
Automatic Identification System (“AIS”) vessel tracking system. See Figure 4.0-1 and 4.3.1-2. Based on
input from local fishermen and the US Coast Guard (“USCG”), corridors in a northwest/southeast and
northeast/southwest direction have been maintained to enhance navigation through the WDASection
5.5 and 5.5.2 discuss the project symmetry and potential impacts on mariners in more detail.
The WTG foundations will be monopiles or jackets. Monopiles are long, steel tubes that are driven into
the seabed to an approximate depth of 20-45 m (66-148 ft) (Epsilon, 2017). Jacket foundations are large
lattice-type steel structures secured to the seabed floor by pre-installed piles or via sleeves mounted to
the base of each jacket leg (Epsilon Associates, Inc., 2017a). Jacket foundations may be used for up to
half of the WTGs and would typically be located in the deeper water portions of the Lease Area.
For the ~800 MW Project, there will be two conventional electrical service platforms (“ESPs”) or four
light-weight ESPs (two sets of two light-weight ESPs bridged together at the same location). The Project
will include up to 275 km (171 mi) of inter-array cable buried at a target depth of 1.5 – 2.5 meters (5-8
ft) below the ocean floor.
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The Project will connect to the region’s electric transmission grid at a location on Cape Cod using as
many as three 220 kilovolt (“kV’) offshore export cables.
Vineyard Wind plans to use the New Bedford Marine Commerce Terminal (“New Bedford Terminal”) to
offload shipments of components, prepare them for installation, and then load components onto jackup barges or other suitable vessels for delivery to the lease area for installation. Some component
fabrication and fit-up may take place at New Bedford Terminal or at other nearby ports. Given the scale
of the Project, however, and the possibility that one or more other offshore wind projects may be using
portions of the New Bedford Terminal at the same time, Vineyard Wind may stage certain activities from
other Massachusetts or North Atlantic commercial seaports. At this juncture, the Project is already
planning to use a port facility in nearby Rhode Island (“RI”) to offload, store, and stage the turbine
blades for delivery to the WDA, as needed.
For a discussion of potential ports, see Section 3.2.5 of Volume I of the COP.
Purpose of NRA
To facilitate ongoing consultation with the USCG, this NRA was conducted. as part of Vineyard Wind’s
Construction and Operations Plan (“COP”). The NRA is intended to assist the USCG in evaluating the
Project’s potential impacts on safe navigation and appropriate mitigation measures.
The NRA was prepared in accordance with USCG “Risk-based Decision-making Guidelines” (2002) and
“change analysis” approach, whereby navigational safety risks and impacts related to the Project Area
are compared to a no-build “baseline condition.” This NRA examines the current and reasonably
foreseeable potential impacts to navigation, safety, and water-dependent uses of the Offshore Project
Area to better understand and mitigate potential issues (Commonwealth of Massachusetts Executive
Office of Energy and Environmental Affairs, 2015). This NRA follows the applicable regulations,
guidelines, and best practices to evaluate identified potential risks, recommend control measures to
minimize adverse impacts associated with the Project, and provide navigational safety
recommendations for the USCG’s Search and Rescue (“SAR”) / Special Operations Rescue Tactical
Interdiction Expeditions (“SORTIE”).
This NRA addresses the following Project phases:
 Construction and Installation (“C&I”);
 Operations and Maintenance (“O&M”); and
 Decommissioning.
Because vessel activities during the C&I and decommissioning phases are anticipated to be similar, these
phases are addressed together. Before the Project is decommissioned, Vineyard Wind will prepare a
decommissioning NRA, per the Bureau of Ocean Energy Managements (“BOEM”) regulations.
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Navigational Risk Assessment Steps
A comprehensive vessel survey was conducted along with stakeholder outreach to establish the baseline
for this NRA and to identify users of the Offshore Project Area, as well as their traffic patterns. Traffic
density and operational area usage in the WDA was analyzed using 2016 AIS data, a visual assessment of
Vessel Monitoring System (“VMS”) data from the National Marine Fisheries Service (“NMFS”), and
recreational boating data surveys from 2010 and 2012 as required by the Northeast and Massachusetts
Ocean Management Plans (Northeast Regional Planning Body, 2016; Commonwealth of Massachusetts
Executive Office of Energy and Environmental Affairs, 2015). Using these data sources, representative
profiles of seasonal and year-round use of the WDA and OECC were established.
This analysis was supplemented by additional literature research on recreational and commercial
waterway traffic in the vicinity of the WDA and ports identified as being frequented by vessels traversing
the WDA or possibly used by Project vessels. Follow-up outreach via electronic mail, phone, and an
online survey to stakeholders and vessel operators identified as having used the Offshore Project Area in
2016 was conducted to ensure that vessels not documented by AIS, VMS, and/ or recreational boating
surveys were adequately represented in the NRA (Commonwealth of Massachusetts Executive Office of
Energy and Environmental Affairs, 2014). A description of the stakeholder outreach can be found in
Section 2.2; a detailed list of stakeholders is included in Appendix B-1A.
Environmental conditions at the WDA are characterized by frequent fog conditions during summer
months. Strong winds, which can lead to high wave heights, are common during winter months.
Significant waves of up to 11.5 m (~38 ft) have been measured at the Nantucket Shoals weather
monitoring buoy (Station 44008) located 100 km (54 nm) southeast of Nantucket (during a time from
1982 to 2008). The average maximum wave period of 15.9 seconds occurs in February (NDBC, 2017).
The dominant wave direction, the largest wave heights, and the prevailing wind come from the south
and southwest (RICRMS, 2010). While cold temperatures are common during winter months, ice breaker
vessels have not been deployed by the USCG in the WDA. The site is located in a remote area that is not
proximate to major traffic lanes.
Following the Project and methodology description in Section 2, the baseline conditions at the WDA and
OECC are presented in Sections 3 and 4. Existing Aids to Navigation (“ATON”) are described in Section
3.6. The vessel survey established the baseline vessel traffic at the Offshore Project Area according to
identified vessel types, their characteristics, operating areas/routes, separation zones, traffic density,
and seasonal traffic variability per Ocean Management Plan requirements (Commonwealth of
Massachusetts Executive Office of Energy and Environmental Affairs, 2014). Commercial vessels
operating within the WDA include research vessels, tug boats/tankers, cargo vessels, military
vessels/SAR vessels, and commercial fishing vessels. Recreational vessels such as pleasure boats, charter
fishing vessels, and sailboats were also identified as using the WDA in 2016. The OECC is highly
frequented by high speed and passenger vessels, pleasure craft, sailing and commercial fishing vessels
along with military vessels /SAR vessels and tug boats/tankers. The Offshore Project area receives an
increased vessel traffic during the summer months (see Section 4.4).
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The most prevalent vessel route pattern is from the northwest (“NW”) to the southeast (“SE”) (see
section 5.5.1 Vessel Movement). Overall, the WDA shows low rates of commercial traffic. Commercial
fishing vessels account for the largest vessel class that transits the WDA. While the area north of the
WDA is highly frequented by commercial fishermen, data analysis shows that the WDA itself is not
heavily utilized by commercial fishermen engaged in activities such as gillnetting or trawling. See
Sections 4.1 and 5.5. Nevertheless, to address any potential gear conflict for fishermen, the Project was
designed to include wide turbine-spacing, a 1.7km (1 mile) wide corridor, and overall Project symmetry
that acknowledges the predominant NW-SE direction of vessel traffic.
The OECC is trafficked by passenger ferries, commercial fishing vessels, and recreational vessels. In 2016
up to forty-five vessels were reported daily in the area.
A review of navigational rules and other maritime regulations is provided in Section 5.1. Documents
reviewed include the USCG Guidance for Offshore Renewable Energy Installations, Navigation Vessel
Inspection Circular 02-07 (“NVIC”), and the Marine Planning Guidelines noted in the USCG Commandant
Instruction 16003.2A (Emerson, 2016).
The NRA change analysis assesses significantly increased vessel traffic volume within the WDA, along the
OECC, and to ports used during the C&I phase. As such, navigational traffic to the New Bedford Terminal
and through its approach channel as well as to secondary installation ports is assessed. The increased
vessel traffic may create navigational interference with ferry services and commercial and recreational
traffic during cable installation operations along the OECC. The NRA change analysis also assesses minor
vessel traffic increase between the O&M Facility and the WDA during the O&M phase. Possible locations
for operations and maintenance facilities include harbors on Martha’s Vineyard or New Bedford.
The NRA evaluates potential navigational risks associated with the changes from the baseline conditions
caused by Project-related activities. Baseline conditions for commercial and recreational vessel activities
are described in Sections 5.2 and 5.3 Seasonal changes are addressed as well.
In Section 5.4, the NRA describes potential mitigation measures including AIS transponders, lighting, and
sound signals. Notices to Mariners (“NTM”), inclusion of individual WTGs on navigation charts, a
website with frequently-updated project information, and other public notices will also mitigate risks to
mariners during inclement weather conditions. Furthermore, stakeholders will be engaged throughout
the Project phases.
A detailed analysis of the risk of collision, allision, or grounding is provided in Section 5.5. The NRA
largely concludes that while the WDA does increase the risk of allision for certain vessel types, these
risks will be minimized by the proposed mitigation measures. Further, maneuverability of vessels
frequently operating within the WDA would only be slightly affected because the wind turbines will be
spaced far apart (see Section 5.5.1).
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The NRA demonstrates that the use of anchoring within the WDA will likely not be constrained for
recreational, tug, fishing, or sailing vessels because cables would be buried below the potential anchor
penetration zone (see Section 5.5.2).
Secondary risks to navigation, including the potential effects of the Project on USCG SAR missions and
on communication systems, are described in Sections 6 and 7. USCG data for SAR missions and reported
pollution incidents compiled for the last ten years have been reviewed and analyzed. Only a small
percentage of USCG SAR missions have occurred in the vicinity of the WDA over the past 10 years. The
NRA demonstrates that the Project will have only minimal effects on USCG SAR missions during C&I.
During O&M, the Project is not anticipated to impede SAR operations provided operational and
emergency shutdown protocols are in place. Vineyard Wind will work with the USCG to develop a
comprehensive communication plan compliant with the USCG SAR mission.
Multiple US and European studies have been reviewed to assess potential effects of offshore wind
projects on:
 communications systems,
 radar (i.e., Radio Detection and Ranging) systems,
 positioning systems, electromagnetic (“EM”) interference (from operating turbines and
energized cables),
 sound signals,
 noise generation,
 sonar interference (including an assessment of audible sounds from construction and operation
activities), and
 visible communication and warning systems (including light signaling and ATONs).
As described in Section 7, the Project is anticipated to have only minor impacts, if any, to the
communication systems evaluated. There is no scientific evidence that adjacent wind farms create
multiplying effects. Radar communication may be affected by the Project, but mitigation measure can
be employed.
AIS transponders will be added on all WTG’s or as recommended in consultation with the USCG to
provide an additional means of communication and orientation for mariners e.g. during conditions of
low visibility. AIS transponders stream the position and purpose of an aid to navigation by using the VHF
mobile maritime radio band. Sections 5.4 and 8 provide a concise description of all proposed mitigation
measures for the different Project phases.
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2 Project Description and Methodology
This Section describes the Project’s location, layout, and characteristics including the offshore export
cable network. Each Project phase is described. The methodology used for the navigational risk
assessment is detailed in Section 2.2.
2.1 Project Description
2.1.1 Introduction and Area Specifications
Vineyard Wind is a New Bedford, MA based company owned by Copenhagen Infrastructure Partners
(“CIP”) and Avangrid Renewables (“AR”). The 675 km2 (261 mi2) WDA, located within the
Massachusetts Wind Energy Area (“MA WEA”), is oriented northeast (“NE”) to southwest (“SW”). The
northernmost point of the WDA is located approximately 23 km (14 mi) from the SE corner of Martha’s
Vineyard and Nantucket (Epsilon Associates, Inc., 2017a). Vineyard Wind intends to develop the
southern portion of the lease area eventually.
2.1.2 Layout, location, and characteristics of Vineyard Wind's Project
The ~800 MW Project will be composed of up to 106 WTGs ranging from 8 to 10 MW in size. The Project
is being permitted using an envelope concept. If 8 MW turbines are used, up to 106 WTGs will be
installed; if 10 MW turbines are used, up to 88 WTGs will be installed. The WTGs are laid out in a gridlike pattern with spacing of 1.4 -1.8 km (0.76 - 1.0 nm) between turbines. The site layout for up to 106
WTGs is shown on Figure 2.1.2-1. Based on the type and size of WTG selected for installation in the
WDA, each WTG could have a hub height of 109-121 m (358-397 ft) above MLLW and a rotor diameter
ranging from 164-180 m (538-591 ft). Rotor blades will be bolted to the WTG hub, enclosed in a nacelle
which houses the WTG control mechanisms, instrumentation, and safety.
The WTG foundations will be monopiles or jackets. Monopiles are long, steel tubes that are driven into
the seabed to an approximate depth of 20-45 m (66-148 ft) (Epsilon, 2017). Jacket foundations are large
lattice-type steel structures secured to the seabed floor by pre-installed piles or via sleeves mounted to
the base of each jacket leg (Epsilon Associates, Inc., 2017a). Depth in the WDA area ranges from 37-49.5
m (121-162 ft) (Epsilon Associates, Inc., 2017a). Jacket foundations may be used for up to half of the
WTGs and would typically be located in the deeper water portions of the WDA. Table 2.1.2-1
summarizes the WTG dimensions and foundational specifications.
For the 800 MW Project, there will be two conventional ESPs or four light-weight ESPs (two sets of two
light-weight ESPs bridged together). Figure 2.1.2-1 shows the potential locations of the ESPs. Dimensions
of the ESP are listed in Table 2.1.2-2. The ESP will be marked and lighted according to an “individual
structure lighting scheme” per IALA (see section 5.4 and Lighting Scheme in Appendix C). Similar to the
WTG foundations, two options are considered for the ESP foundations: monopile or jacket. Scour
protection will surround all WTG and ESP foundations by an area range of approximately 1,300-2,500
square meters (“m2”) (13,993-26,910 square feet [“ft2”]).
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Table 2.1.2-1: Summary of WTG specifications.

1

Parameter

Specifications

Total height

191 - 212 m MLLW (627 - 696 ft)

Hub height

109 - 121 m MLLW (358 - 397 ft)

Rotor diameter

164 - 180 m (538 - 591 ft)

Platform level and expected Interface level towards foundations

18 - 22 m MHHW (59 - 72 ft)

Tip clearance

26 - 30 m MHHW (85 - 98 ft) ) )

Monopile length

60 - 95 m (197 - 312 ft)

Monopile diameter (at MLLW)

Max of 7.5 - 10.3 m (25-34 ft)

Jacket length (including transition piece)

55 - 80 m (180 - 262 ft)

Jacket diameter

18 – 35 m (59 – 115 ft)

2

3

Table 2.1.2-2: ESP dimensions (Foundation & Transition Piece).

Foundation Concept

Monopile

Jackets

Monopile

Extended Monopile

Piles (3-4 piles)

Length

60 - 95 m (197 - 312 ft)

80 - 115 m (262 - 377 ft)

35 - 80 m (115 - 262 ft)

Diameter (maximum)

7.5 - 10.3 m (25 - 34 ft)

7.5 - 10.3 m (25 - 34 ft)

1.5 - 3.0 m (5 - 10 ft)

Transition Piece

Transition Piece

Jacket Structure including
Transition Piece)

Length

18 - 30m (59 - 98 ft)

N/A

55 - 65m (180 - 213 ft)

Diameter

6.0 - 8.5m (20 - 28 ft)

N/A

18 - 45m (59 - 148 ft)

Interface Elevation

18.5-21.5 m MHHW
(61-71ft)

N/A

21.5-27.5 m MHHW
(61- 90 ft)

1

Either monopile or jacket foundations will be used.
Mean Lower Low Water (“MLLW”) equals the average height of the lowest tide.
3
Extended monopiles would have a length of 80 – 115 m (262-377 ft).
2

CLARENDON HILL CONSULTING, LLC

8

Table 2.1.2-3: ESP dimensions (Topside Component).

Parameter

Specifications

Dimensions Light-weight ESP (WxLxH)

25m x 45 m x 38 m (82ft x 148 ft x 125 ft )

Dimensions Conventional ESP (WxLxH)

45 m x 70 m x 38 m (148 ft x 230 ft x 125 ft )

Complete ESP Max Height above MHHW

644.5 – 65.5 m (212-215-ft) (MHHW)
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2.1.3 Cable Network and Routes to Shore
Up to 275 km (171 mi) of inter-array cables will link the WTGs within the WDA to the ESPs (Epsilon
Associates Inc., 2017a). The ESPs will connect to the onshore electrical grid via up to three offshore
export cables that will travel north from the Offshore Project Area through the Muskeget Channel and
Nantucket Sound. The total cable length for the offshore cable system could be up to 350 km (217 mi).
The Project envelope includes two OECCs: the Western Corridor and the Eastern Corridor. Three
potential Landfall Sites are under consideration: Covell’s Beach in Barnstable, New Hampshire Avenue in
Yarmouth, and Great Island in Yarmouth, as shown on Figure 2.1.3-1.
A Cable Burial Risk Assessment (“CBRA”) was conducted to determine the depth required for protecting
offshore cables from fishing activities and anchoring. Using characteristics of vessels transiting the cable
corridor along with anchor weights and fluke lengths from representative vessels with different
deadweights, the study assessed the probability of anchor strike from those vessels in accordance with
the CBRA methodology. Taking seabed conditions into consideration, it was found that a depth of 1.5 2.5 m (5 - 8 ft) below the ocean floor would be sufficient to protect export cables from impacts such as
anchor strikes (Wood Thilsted Partners. 2017). Jet plow or pre- and post-trenching vessels will install
the offshore cable system to this target burial depth.
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2.1.4 Project Phases
2.1.4.1 Construction and Installation
The C&I phase may occur in one continuous phase over the course of approximately three years or could
occur in multiple phase increments with up to five years between construction periods (Epsilon
Associates, 2017a). For the purpose of this NRA, it is assumed the Project will be constructed in one
phase over the course of approximately three years and will then enter a 20 to 30-year O&M phase
(Epsilon Associates, Inc., 2017a). Quantitative estimates of vessel activity during the C&I phase were
based on this three-year schedule. The three-year schedule represents a “worst case scenario,” as it
would have the greatest number of vessels within the WDA and vessel traffic density traveling to and
from the WDA.
For the C&I phase, WTGs and other components will likely be shipped from Europe to the New Bedford
Terminal. Vineyard Wind plans to use the New Bedford Terminal to offload shipments of components,
prepare them for installation, and then load components onto jack-up barges or other suitable vessels
for delivery to the lease area for installation. Some component fabrication and fit-up may take place at
New Bedford Terminal or at other nearby ports in Rhode Island, Massachusetts, Connecticut,
.
Vessels used for C&I, including crew transfer vessels (“CTVs”) will depart primarily from New Bedford
during the C&I phase (see Section 5.2).
2.1.4.2 Operations and Maintenance
Once construction is complete and the Project is commissioned, the Project will enter an up to 30 year
operating phase. Vineyard Wind is in the process of selecting an O&M port for this phase. For the
purpose of this assessment it is assumed that vessels performing day-to-day O&M operations such as
crew transfer vessels would depart from a port on Martha’s Vineyard while major maintenance or repair
operations requiring larger size vessels would use the New Bedford Terminal.
2.1.4.3 Decommissioning
After an up to 30-year lifespan, the Project will be decommissioned. Per BOEM’s decommissioning
requirements, all WTGs, supporting cabling, and electrical service platforms must be decommissioned.
Scour protection and onshore export cables may be removed as well. The Project decommissioning is
largely the reverse of the installation process Vessels and equipment utilized during decommissioning
are anticipated to be similar to those used during the construction phase.
Since the decommissioning phase is similar to the construction and installation phase, the Navigational
Risk Assessment analyzes the C&I and decommissioning phases together.
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2.2 Navigation Risk Assessment Methodology
The NRA’s area of analysis consists of the WDA, a 16 km (10 mi) radius4 around the WDA, the OECC, and
vessel approach routes to port facilities that may be utilized by the Project.
A baseline condition, representative of existing seasonal and year-round uses of the Offshore Project
Area prior to C&I, was established using vessel traffic density and analysis of operational areas. Aligning
with Massachusetts Ocean Management Plan methodology, AIS data from 2016 were utilized to create
density maps by vessel type, as well as by aliquot or grid cell (Commonwealth of Massachusetts
Executive Office of Energy and Environmental Affairs, 2014). Vessels were assessed by identifying vessel
type, vessel name, how frequently a vessel traversed the WDA, vessel speed, and destination (if
specified) (Commonwealth of Massachusetts Executive Office of Energy and Environmental Affairs,
2014). If vessels broadcast incomplete AIS information and/or did not specify a vessel type (e.g.,
commercial fishing, tugboat, sailboat, tanker, etc.), additional vessel information was obtained from the
USCG Vessel Documentation Center (USCG, 2017c). Users of the Offshore Project Area, as identified by
the 2016 AIS data query, were then categorized as stakeholders for the NRA outreach survey.
AIS data used to assess traffic density patterns and operational routes of vessels routinely transiting the
Offshore Project Area. Three AIS data sets were deployed:






The 2016 AIS data (shown as track lines on Figure 4.0-1) include very specific vessel information
such as individual AIS data points, vessel type, vessel name, vessel draft, vessel dimensions
(length, width, draft), port of departure, destination port, and transit speed for specific
timestamps.5 AIS 2016 data was provided for the WDA and OECC.
The 2011 AIS Aliquot data was queried to assess traffic volume and operational route flow for
the Offshore Project Area. The 2011 AIS Aliquot data (as shown on Figure 4.3.1-1) quantifies the
number of vessels that traverse 1200 m x 1200 m [3937 ft x 3937 ft] lease blocks (aliquots) per
year. Traffic volume, or the number of vessels per aliquot, was assessed and reported for each
vessel type characterized in the vessel survey. The wide width of these lease blocks allowed for
an assessment of vessel traffic density within approach channels or harbor entrances.
The 2013 AIS aliquot data that depicts vessel density in fine grained grid cells of 100 m x 100 m
(328 ft x 328 ft) blocks was used. The 2013 AIS data allows for a detailed visual assessment of
vessel density e.g. within the WDA (compare Figure 4.3.1-2). Aliquot data on the vessel counts
per blocks were analyzed for the construction port areas and access routes. The AIS blocks with
the highest amounts of vessel traffic were researched. For those, the average daily values were
estimated. AIS vessel density data was supplemented by literature research including port
statistics and findings from the vessel survey (compare Section 4) to be used as construction
port baseline information in the change analysis.

4

A 16 km (10 mi) buffer around the WDA was chosen to account for any potential route variations of vessels that
may use the WDA.
5
,
AIS 2016 data reported dates from January 1 2016 till July 4, 2016.
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Vessel Monitoring System (“VMS”) data collected by the National Marine Fisheries Service (“NMFS”)
from 2006 to 2010 and Starbucks’ and Lipsky’s recreational boating data surveys from 2010 and 2012
(Starbuck and Lipsky, 2013) was used to supplement the AIS data. VMS data provides geographic
coordinates, vessel speed, and vessel gear or declaration activity (e.g., multispecies ground fish, scallop,
monkfish, clam/ ocean quahog, and squid) of fisheries within the Offshore Project Area.6 Over 200
commercial fishermen confirmed during the NROC Commercial Fisheries Spatial Characterization study
in 2013 that low vessel speeds of less than 1.8 to 2.1 m/s (3.5 to 4 knots) are necessary to trawl, dredge,
or set gillnets (Battista, Cygler, Lapointe, & Cleaver, 2013). Therefore, VMS transmission maps of vessels
traveling at speeds of less than 4 knots were visually assessed to identify areas of low, medium, and high
fishing vessel density in the Offshore Project Area. Although not an absolute indicator of all vessel types
that may use the Offshore Project Area,7 AIS, VMS, and recreational boater survey data together provide
foundational vessel characteristics and vessel traffic patterns that may be at risk for allision and/or
collision based on their use or proximity to the Offshore Project Area.
Importantly, the AIS, VMS, and recreational boater survey analyses were further supplemented with
research and stakeholder feedback. Stakeholder outreach was conducted to ensure that vessels not
documented by AIS, VMS, and/ or recreational boating surveys were adequately represented in the NRA
(Commonwealth of Massachusetts Executive Office of Energy and Environmental Affairs, 2014).
Stakeholders, in addition to those identified through the process outlined above, include: 1) companies
or vessel owners with vessel itineraries and operational routes near the WDA that may have been
executed in 2016; and 2) organizations or industries that may be underrepresented in the AIS data query
but are known to utilize the WDA. Table 2.2-1, below, gives an overview of the major stakeholders
engaged in the NRA (see Appendix B, Table B-1A for a full list of stakeholders).
This Navigational Risk Assessment solicited information regarding the use of the Offshore Project Area
from stakeholders via electronic mail, phone, and/or direct interviews. An electronic stakeholder survey
also collected feedback about vessel characteristics, purpose of area use, frequency of area use,
operational routes, and additional input regarding navigational safety with respect to the Project.
Interviewed stakeholders include the Woods Hole Oceanic Institution (“WHOI”), the National Oceanic
and Atmospheric Administration (“NOAA”), Port Directors (e.g., Providence, Davisville, New Bedford,
and Newport), ferry service companies, and regatta organizers. Captain Sean Bogus of the Northeast
Marine Pilot’s Association shared information regarding commercial vessel operational routes, port
safety, and ATONs in an interview.

6

Full or part-time multispecies, scallop, monkfish, surfclam/ ocean quahog, herring, mackerel, and squid/
butterfish are required to have an operational VMS unit per 50 CFR 648.9 and 648.10 (NOAA Fisheries, 2016).
7
All liquid tankers, commercial carriers greater than 20m (65 ft) in length or 150 gross tons, passenger vessels
transporting 150 passengers, and/ or commercial self-propelled fishing vessels greater than 20m (65 ft) must
operate an AIS system to broadcast vessel information per 33 C.F.R. §164.46 (USCG NAVCEN, 2017).
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Input from over one hundred fishermen was used to characterize fishing activity, operational areas, and
traffic routes in the WDA area for the NRA. Working with Captain Jim Kendall of New Bedford Seafood
Consulting as the Fisheries Representative, Vineyard Wind has collected stakeholder input through over
50 meetings since 2011 (Vineyard Wind. 2017c). The Fisheries Representative acts as a liaison to
communicate the input and concerns of the local fishing community.8 Additional primary stakeholders
consulted for feedback from the fishing community include fishermen’s alliances, networks, recreational
fishermen, and sector representatives (see Appendix B, Table B-1A for a full list of stakeholders).
Finally, additional information from studies such as the Rhode Island Ocean Special Area Management
Plan (”SAMP”), NROC Commercial Fisheries Spatial Characterization, and BOEM’s Socio-Economic Impact
of Outer Continental Shelf Wind Energy Development on Fisheries in the US Atlantic Volume I and II was
incorporated to further supplement stakeholder feedback, AIS data analysis, and VMS assessment in
developing navigational safety mitigation measures for the Offshore Project Area.
Table 2.2-1: Stakeholders engaged in the NRA Process.

Category

Stakeholder Outreach Strategy

Pilots

Northeast Marine Pilot’s Association

Commercial Vessels

Pilots, Port Operators, Cruise Ships, Tugboats, Offshore Supply

Port and Port Operators

Port Operators, Harbormasters

Passenger

Ferry Services, Cruise Ships, Charters

Commercial Fishing
Recreational

Fishermen’s Alliances, Fishermen Preservation Trusts, Sector Service
Networks, Recreational Fishermen, Charters
Harbormasters, Yacht Clubs, Charters

Marine Events

Race/ Regatta Organizers

Research

UNOLS , WHOI, NOAA

SAR, Military

USCG, US Navy, Naval Seafloor Cable Protection

9

8

The Fisheries Representative – typically an active fisherman within the region, fishery, or sector – communicates
concerns and issues to Vineyard Wind. (Vineyard Wind, 2018).
9
University-National Oceanographic Laboratory System (“UNOLS”)
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The NRA’s baseline conditions include the Project environment and waterway characteristics that were
characterized through a comprehensive data collection and analysis. Once the baseline conditions were
established, a change analysis was conducted per the USCG’s Risk Based Decision Making Guidelines
(2002). For each Project phase, the analysis compared the baseline conditions to changes caused by the
Project-related activities . Risks to navigational safety due to Project-related changes were then
characterized for each vessel type identified within the WDA, OECC, and ports that might be used for
Project operations. Mitigation measures were then developed for each Project phase based on the
results of the change analysis.
2.2.1 Calculations Used in the NRA
The following calculations have been used to discern certain aspects of relevance to navigational
safety. The calculation of line-of-sight was used to assess whether certain Aids to Navigation, such
as lighthouses or the red and white bell buoy near the southern entrance to the Muskeget Chann el
would be visible for a mariner transiting through the WDA (compare Section 3.6.1). Estimates of
tides, currents, wave, and wind velocities were calculated based on historical data observations
from representative monitoring stations closest to the WDA to provide an accurate profile of tidal
variability, current velocity, extreme wave heights, and wind velocities in the Offshore Project
Area. A method for the probabilistic calculation of ice formation is presented, which includes the
calculation of relative humidity as one of the three determining meteorological factors for the
formation of ice on turbine blades (see Section 3.4). Lastly, a calculation on a safe distance for ice
fall from turbine blades is included.
2.2.1.1 Calculation of Line-of-sight and Visible Distances
Some of the analyses conducted for this assessment involve the calculation of line-of-sight and visible
distances on the water from and to various structures. Standard calculations for the visibility of objects
at sea from various elevations (World Ship Society, n.d.) were utilized. These calculations take into
account the visibility of lights and other line-of-sight phenomena (such as very high frequency [“VHF”]
radio communications) from vessels. The calculation used herein is:
Visible distance = 1.17 x √h
where ℎ is the height (in ft) of the viewed object above sea level.
Because the visibility of an object or light at sea is a factor of both the height of the object being viewed
and the height of the viewer, the calculation of the true distance at which an object of light can be
viewed is the sum of the distance the object can be seen at sea level and the distance a viewer can see
from an elevated perch above sea level. The visible distance a viewer can see from an elevated perch is
calculated using the same equation as above (where ℎ is the height in ft of the viewer’s eye above sea
level).
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2.2.1.2 Estimates of Tides, Currents, Wave, and Wind Velocities
Historical data observations were collected from representative monitoring stations closest to the WDA
to provide an accurate profile of tidal variability, current velocity, extreme wave heights, and wind
velocities in the Offshore Project Area. A 10-year query of data for Nantucket Shoals weather monitoring
buoy Station 44008 (from 2007 to 2017) was performed from the NOAA National Data Buoy Center. A
minimum of ten years of data was examined for each of these criteria; variability from this timeframe is
noted in individual sections.
The NOAA software application “VDatum” was utilized to account for different tidal elevations at the
WDA and calculate the tidal amplitude, or elevation of tidal high water above mean sea level, for the
WDA (NOAA, n.d.-b). Extreme high tide water levels for the monitoring station closest to the WDA that
reported the highest observed tide within the data query timeframe was further examined for extreme
level frequency.
A historical data query of the Nantucket Shoals weather monitoring buoy Station 44008 from 1982 to
2008 was performed to examine the average significant wave height (m), average wave period
(seconds), maximum significant wave height (m), and maximum wave period (seconds). The average
wind speed (m/s) and maximum wind speed (m/s) were also examined and itemized by month. To
identify the extreme wind conditions previously experienced in the area, historical hurricane and
tropical storm data were examined and summarized by location, year, category, and maximum wind
speed.
2.2.1.3 Ice Formation and Calculations for ice fall from turbine blades
The Block Island Wind Farm Navigational Risk Assessment estimated turbine blade icing potential using a
methodology where icing rate is established by wind speed, air temperature, water temperature, and a
predictor value for the freezing temperature of sea water (Tetra Tech; 2012a; RICRMC, 2010; Merrill,
2010). However, this method was found to be only applicable to ice accumulation on vessels and “…not
suited to vessels that are stationary, nor to stationary structures of any kind” (Merrill, 2010, p.10).
Therefore, this NRA utilized a method established by the Department of Wind Energy, Technical
University of Denmark that studied “conditions favorable for the formation of atmospheric icing” in the
context of wind energy and operation of wind turbines (Hudecz et al., 2014, p.2). The Technical
University of Denmark team identified temperature, relative humidity, and wind speed as the primary
factors that influenced ice accumulation on WTGs, nacelles, and turbine blades (Hudecz et al., 2014). Ice
accumulation was observed to occur when air temperature was less than 0° C [32° F], when relative
humidity (“RH”) was greater than 95% (i.e., high fog or cloud conditions), and during relatively low wind
speeds (Hudecz et al., 2014).
A 10-year query of meteorological data for the Nantucket Shoals monitoring buoy Station 44008 from
2007 to 2017 was performed from the NOAA National Data Buoy Center (“NDBC”). NOAA Station 44008
did not report monitoring data for 2013; therefore, the query was expanded to 2007 to include a full 10year range. If any data were missing in historical files due to malfunction of equipment or data capture

CLARENDON HILL CONSULTING, LLC

18

at the site, that hourly observation point was not included in the assessment (NOAA, 2017). NOAA
monitoring buoy Station 44008 collects observations once per hour for wind speed (m/s), atmospheric
dry bulb temperature (degrees C), and dew point (degrees C). The following calculation was utilized to
estimate the relative humidity (RH%) from the dry bulb temperature and dew point temperature values
obtained from NOAA Nantucket Buoy Station 44008 meteorological data (Lawrence, 2005).
Relative Humidity (RH) = 100 – 5 (t – td)
where t = dry bulb temperature (deg C) and td = dewpoint temperature (deg C).
To assess whether the area near monitoring buoy 44008 has experienced conditions favorable to ice
formation (below freezing temperatures, high fog/ cloud conditions, and low wind speeds), data were
reviewed to determine whether all criteria occurred simultaneously. Because all three criteria did not
occur simultaneously, the assessment progressed to assess what times of year these criteria may
potentially occur by month, and the frequency of criteria occurrence.
Calculation of Safe Distance for Ice Fall from Wind Turbines:
GE Energy developed an Ice Shedding and Ice Throw–Risk and Mitigation calculation to calculate the
minimum safe distance around WTGs if ice were to accumulate on rotor turbine blades. The following
calculation was developed by Wahl & Giguere in2006 to estimate a safe distance surrounding WTGs to
reduce the risk of ice fragments to possibly impact vessels and mariners:
Safe Distance = 1.5 x (hub height + rotor diameter)
See Section 3.4 for a discussion of how the risk of ice formation and potential ice fragment damage has
been assessed for the Project Area.
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3 Project Environment & Waterways Characteristics
This section describes environmental conditions in the Project Area. Characteristics of the Project Area’s
bathymetry, currents, waves and weather are given in Sections 3.1 -3.4. Section 3.5 gives an overview of
waterway characteristics and Section 3.6 describes existing aids to navigation.
3.1 Bathymetry
Running along the northeastern coast of the US, the northeast US continental shelf extends from Nova
Scotia to Long Island and includes Browns Bank, Georges Bank, and the Nantucket Shoals. The Gulf of
Maine and northern Atlantic Ocean are partially separated by variable banks, ridges, and basins. Sandy
shoals, shallow banks, and deep channels control the flow of water from the Gulf of Maine into the
Atlantic Ocean and waterways surrounding the WDA. The Nantucket Shoals are a curvature of variable
sandy ridges that extend immediately east/SE of Nantucket Island and separate the Nantucket Sound
and the New England continental shelf from the Gulf of Maine.
Water depth in and around the Nantucket Shoals can be less than 6 m (20 ft) deep in some areas (NOAA,
2017e); therefore, mariners and large vessel captains are advised to avoid the area entirely due to its
extreme variability and unpredictable depth. The Nantucket Shoals create a natural path of contoured
water flow that continues to change the bathymetry of the ocean floor and pattern of sediment deposits
(Limeburner & Beardsley, 1982). Because of water depth variability near the Nantucket Shoals, mariners
are advised to take extra precaution while navigating the areas surrounding Martha’s Vineyard and
Nantucket Island.
As the distance from the mainland increases, the water depth gradually increases in the Atlantic Ocean
basin and transitions to homogeneous seafloor conditions south of Martha’s Vineyard and Nantucket
Island where the WDA is located. Water depth in the WDA gradually slopes downward, ranging in depth
from 37-49.5 m (121-162 ft) (Epsilon Associates, 2017).
.
The WDA will connect to the onshore electrical grid via offshore export cables that will travel north from
the Offshore Project Area through the Muskeget Channel and Nantucket Sound to make landfall
onshore. Through multibeam, sidescan sonar, and magnetometer analysis, seafloor and substrate
conditions were examined. Fairly homogenous conditions exist south of Nantucket Island and when
approaching Muskeget Channel. In these areas, topography shows sandy shoals with patches of coarse
material. Approximate water depths are generally greater than 20 m (65.6 ft) south of the islands and
range 6 – 10 m (20 – 33 ft) in the wider Muskeget Region. The Nantucket Sound is approximately 10 –
15 m (33 – 49 ft) deep and is relatively flat- bottomed, but experiences areas of silt sand waves with
heights of 3 – 4 m (10 – 13 ft) locally near Horsehoe Shoal. As the OECC approaches landfall, the seafloor
is characterized by fine sediment with shallower water depths of less than 8 m (26 ft) (Epsilon
Associates, 2017, COP Volume II-A, Table 2.1-5).
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3.2 Tides and Currents
Water flow within the WDA may be influenced by tidal changes, non-tidal ocean currents, and by
surface currents caused by wind. Previous studies local to the WDA found that currents are primarily
dominated by tides (RICMC, 2010); therefore, impacts of tides and wind on currents and waves will be
examined. The WDA experiences semidiurnal tidal peaks (i.e., two high tides and two low tides) driven
primarily by rising and falling pressure gradients in the Northern Atlantic Ocean (Irish & Signell, 1992).
The three NOAA tidal observation stations actively monitoring tidal information that are closest to the
WDA are located on Nantucket Island in Nantucket Harbor, Montauk Island, and Woods Hole, MA
(NOAA, 2013a). Table 3.2-1 provides a summary of these NOAA tidal monitoring stations that have
collected MLLW and MHHW data since 1963. Tidal predictions provide a Mean Lower Low Water
(“MLLW”) and Mean Higher High Water (“MHHW”) to estimate the average low and high water tidal
height each day in comparison to the National Tidal Datum Epoch (NOAA, 2013a). The tidal peak
variability and mean range observed at these three stations surrounding the WDA provide an estimate
of the tidal predictions and mean range for the Offshore Project Area because the tidal peaks in these
areas are also controlled by the rising and falling pressure gradients of the Northern Atlantic Ocean.

Table 3.2-1: Summary of MLLW and MHHW tidal observations at NOAA stations closest to the WDA (data compiled
from NOAA, 2013a). (Compare Construction and Operation Plan, 2018).
Station
Number

NOAA Station Location

MLLW

MHHW

Mean Range

Tidal Amplitude

8449130

Nantucket Island, MA

0.92 m (3.00 ft)

2.00 m (6.57 ft)

0.93 m (3.04 ft)

0.54

8447930

Woods Hole, MA

0.80 m (4.82 ft)

1.47 m (2.62 ft)

0.55 m (1.79 ft)

0.30

8510560

Montauk, NY

1.18 m (3.86 ft)

1.95 m (6.39 ft)

0.63 m (2.07 ft)

0.38

10

Utilizing the NOAA VDatum software application to account for different coast elevations, the tidal
amplitude for offshore locations can be calculated (NOAA, n.d.-b).

10

Tidal amplitude equals the difference between Mean Low Lower Water (MLLW) and the Mean Sea
Level, or the mean of hourly heights observed over the National Tidal Datum Epoch (NOAA, 2013a).
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Figure 3.2-1 represents historical extreme high tide water levels for the Woods Hole monitoring station,
which had the highest observed tide of the three closest monitoring stations. Extreme high water levels
reduce blade tip clearance, a controlling factor for navigational safety for certain vessels. However, the
probability of occurrence is very low due to the rarity of these weather events. NOAA estimates
extreme water levels like those that occurred in 1991 will occur ten times per century; however, an
extreme water level like the one that occurred in 1938 will on average be exceeded only once per
century (NOAA, 2013a). (Section 5 Potential Effects of the Project on Navigational Safety describes the
risk for certain tall vessel types such as cargo or tall-mast sailing vessels.)

Figure 3.2-1: Extreme water levels above (“MHHW”) or below (“MLLW”) the predicted tide levels for Woods Hole,
MA tidal observation station (image sourced from NOAA) (NOAA, 2013a).
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Figure 3.2-2: Ocean current strength and water flow direction of Martha’s Vineyard, Nantucket, and surrounding
waterways (image sourced from Muskeget Channel Tidal Energy FERC Project No 13015) (HMMH, 2011).

Direction of water flow is predominantly determined by surrounding geology. During “flood” tides,
water flows from the west between Cuttyhunk Island and Martha’s Vineyard Island through Vineyard
Sound, from the south between Martha’s Vineyard Island and Nantucket Island through Muskeget
Channel, and to the east between Nantucket Island and Monomoy Island. As water retreats from
Nantucket Sound during “ebb” tides, a reverse current flow occurs, forcing water in the Sound to flow
out through these pathways. The flow in and out of Muskeget Channel may have a slight impact on
water movement near the WDA during tidal changes, as the narrow channels and shallower depths of
the shoals surrounding Martha’s Vineyard and Nantucket Island generate the higher velocity currents.
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The water passing through Muskeget Channel slows once reaching deeper areas, indicating the WDA will
likely not see significant current strength or directional changes from these daily tidal changes.

3.3 Waves
The Nantucket Shoals weather monitoring buoy (Station 44008) located 100 km (54 nm) southeast of
Nantucket provides an accurate profile of wind speed, sea surface temperature, and wave height
experienced in the Atlantic Ocean basin near the WDA. From 1982 to 2008, the Nantucket Shoals station
observed average significant wave heights (“Hs”)11 of less than 2.4 meters (7.87 ft) and maximum
significant wave heights of 11.5 meters (37.73 ft) during the months of September (NDBC, 2017) (see
Table 3.3-1). The average maximum wave period of 15.9 seconds occurs in February (NDBC, 2017). The
dominant wave direction, the largest wave heights, and the prevailing wind come from the south and
southwest (RICRMS, 2010).

11

Significant wave height (Hs) equals the average of the highest one-third of the waves (NDBC, 2015).
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3.4 Weather
A 10-year query of historical weather data was performed located at NOAA Nantucket Shoals
Monitoring Station 44008 located 100 kn (54 nm) southeast of Nantucket. Observations collected by
NOAA monitoring station 44008 are indicative of conditions just above sea surface near the WDA and
representative of weather conditions experienced by mariners and vessels navigating the area. From
2007 to 2017, the average air temperature was 12.6°C (54.7°F) and the average wind speed was
approximately 6.1 m/s (11.9 knots) (NDBC, 2017). Winds predominantly originate out of the south and
southwest (RICRMC, 2010). The average and maximum wind speeds are reported in Table 3.4-1 below.
The highest wind speeds during the year occurred during the month of November.
Dense fog routinely forms over Rhode Island Sound, Nantucket Sound, and the surrounding harbor
island waterways during summer months when warmer air passes over the cooler Atlantic Ocean
waters. These conditions are experienced most frequently during the months of April through August,
when visibility can drop to below three kilometers (2 mi) (NOAA, 2017c). Fog conditions traditionally
last from four to 12 hours, but have been historically observed for up to six days (NOAA, 2017c).
Nantucket experiences an average of 200 days every year with variable levels of fog, with over 85 days
of dense fog coverage (NOAA, 2017c; Burt, 2007). Mariners also are cautioned that dense fog can cause
sound distortion, and the ability to discern distance and accuracy of sound location(s) may be reduced
(NOAA, 2017c).
Table 3.4-1: Wind speed average and maximum values for NOAA monitoring station 44008 from 2007 to 2017
(NDBC, 2017).

Month

Mean Wind Speed m/s (knots)

Maximum Wind Speed m/s (knots)

January

8.7 (16.9)

23.7 (46.1)

February

8.4 (16.3)

21.1 (44.9)

March

7.3 (14.2)

19.8 (38.5)

April

6.5 (12.6)

22.1 (43.0)

May

5.3 (10.3)

16.1 (31.3)

June

4.6 (8.9)

14.2 (27.6)

July

4.1 (8.0)

15.2 (29.5)

August

4.5 (8.7)

17.3 (33.6)

September

5.8 (11.3)

22.2 (43.2)

October

7.1 (13.8)

21.9 (42.6)

November

7.5 (14.6)

26.2 (50.9)

December

8.0 (15.6)

21.3 (41.4)
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3.4.1 Hurricanes
While tropical storms and Nor’easters in the Atlantic Ocean basin are somewhat common, the Offshore
Project Area has only experienced three category three (H3) hurricanes within a 200 nautical mile radius
of the WDA since 1979 (see Figure 3.4.1-1 and Table 3.4.1-2). Offshore and coastal storm events in the
Project region range from tropical storms (“TS”) to Category 3 hurricanes (“H3”), which may carry
maximum wind speeds of 64 m/s (124 knots or 143 mph). Hurricanes occurring in the Project Region
have high wind speeds but are very infrequent (NOAA, 2017d).

Figure 3.4.1-1: Category 3 hurricanes traversing the WDA area from 1979 to 2016. Hurricane Bob crossed Block
Island in 1991, Gloria crossed Manhattan, NY in 1995, and Sandy made landfall in New Jersey in 2012 (image
sourced from National Oceanic and Atmospheric Administration Historical Hurricane Tracks) (NOAA, 2017d).
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Table 3.4.1-1: A summary of category three through five (H3 through H5) hurricane events that traversed the
Offshore Project area since 1979 (NOAA, 2017d).

Hurricane Name

Maximum Hurricane
14
Category

Maximum Wind Speed (knots)

Bob (1991)

H3

51 m/s (100 knots)

Gloria (1995)

H4

64 m/s (125 knots)

Sandy (2012)

H3

51 m/s (100 knots)

15

Hurricane Impacts on WTG’s
Severe storm or hurricanes may have severe consequences on turbine components, possibly leading to
material fatigue including yaw misalignment or even the buckling of the tower.
A recent study from the University of Colorado at Boulder simulated the worst-case scenario for an
offshore wind turbine: a Category 5 hurricane (wind speeds greater than 70 m/s [136 knots or 157
mph]). It was shown that a Category 5 hurricane may result in structural damage to the turbine. The
analysis attributes this to the combination of several factors. In addition to wind speed, gust factors and
directional shifts were considered. While damage to turbines increases with wind speed, abrupt changes
in wind direction may result in yaw misalignment which can damage turbine blades and induce the
buckling of the tower (Worsnop, 2017). The failure of a tower could have catastrophic impacts if a vessel
would be hit by dislodged parts.
Vineyard Wind’s Project design includes design specifications to withstand severe weather events. The
Project will be designed in accordance with relevant regulations and standards, which are found in the
COP in Appendix I-E. As specified in Vineyard Winds Certified Verification Agent (“CVA”) Scope of Work
Plan (see Appendix I-D), all Project components will be tested and evaluated through an independent
Certified Verification Agent (CVA). This verification will include analysis of ultimate strength utilization,
design fatigue, and extreme [weather] event analysis (including a 100-year return period). The Tower
and Rotor Nacelle Assembly (RNA) (which includes the blades) will undergo site-specific approval
process and modeling analysis in correspondence to the IEC WTRNADE module (Wind Turbine / RNA
Design Evaluation), which upon successful testing will result in the issuance of a RNA Component
Certificate for US conditions. An exposure category of L-2 as defined in the American Petroleum

14

Hurricane category H3 wind speeds range from 49-58 m/s (96-112 knots); H4 wind speeds range from 58-70 m/s
(113-136 knots)
15
Hurricane Gloria reached maximum H4 wind speeds of 64 m/s (125 knots) while passing east of the Bahamas,
but was reduced to a category H1 hurricane with wind speeds of 39 m/s (75 knots) when traversing the Offshore
Project Area.
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Institute’s (“API”s) API RP 2A WSD version 22 will be applied to the WTG and foundations.16 According
to the American Bureau of Shipping (“ABS”), L-2 is used for the design of a medium consequence
platform. The actual capacity of a typical L-2 platform allows it to survive the hurricane on the US OCS
with a 100-year return period or higher (ABS, 2011. p. 131).
As shown above, hurricane events in the Project Area are infrequent and historically have not exceeded
a Category 3 hurricane. In addition to this, the Project will integrate appropriate design standards.
Therefore, it can be assumed that hurricanes and major storms pose a relatively low risk to navigational
safety.
3.4.2 Ice Formation
Cold temperatures are a common feature in the Offshore Project Area during the winter months.
However, ice formation in the open waterways near the WDA is not anticipated to occur. The USCG
confirmed that ice formation in the area is rare and USCG ice breaker vessels were not utilized in the
WDA in 2016 (Freese & LeBlanc, 2017).
Under certain meteorological conditions, and depending on the turbine component materials selected
as well as rotational speeds, ice fragments may form on the rotating turbines during cold weather and
can dislodge and fall. A study completed by the Department of Wind Energy, Technical University of
Denmark showed that temperature, relative humidity, and wind speed were the primary factors that
influenced ice accumulation on WTGs, nacelles, and turbine blades (Hudecz et al., 2014). Ice
accumulation was observed to occur when air temperature was less than 0o C [32o F], when relative
humidity (“RH”) was greater than 95% (i.e., high fog or cloud conditions), and during relatively low wind
speeds (Hudecz et al., 2014). Please refer to Section 2.2.1.2 for further information on this
methodology.

16

The API has been developing standards for offshore structures for more than over 60 years. API Series 2
addresses offshore oil and gas requirements for planning, installation, structures, operation, and decommissioning.
According to NAS, the API 2 series focuses mainly on wave loading rather than wind, because 70% of offshore oil
and gas platform loads come from waves (NAS 2011, NREL 2014).
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The Nantucket Shoals weather monitoring buoy Station 44008 located 100 km (54 nm) southeast of
Nantucket provides an accurate profile of wind speed, atmospheric temperature, and relative humidity
experienced in the Atlantic Ocean basin near the WDA. A 10-year query of meteorological data for
Nantucket Shoals weather monitoring buoy Station 44008 from 2007 to 201717 was utilized to assess
whether the area near Station 44008 experiences criteria favorable to ice formation. From 2007 to
2017, Station 44008 did not observe air temperature less than 0 o C [32 o F], RH greater than 95%, and
wind speed less than 5 m/s) simultaneously (NDBC, 2017). Figure 3.4.2-1 illustrates the months and
frequency (reported as a percentage of total observations) of when various combinations of these three
meteorological conditions occur.

Figure 3.4.2-1: Monthly percentage of meteorological observations from 2007 to 2017 at NOAA Monitoring
Station 44008 that met atmospheric temperatures of less than 0o C [32o F], wind speeds of less than 5 m/s, and/
or RH of greater than 95% (data compiled from NDBC, 2017).

17

NOAA Station 44008 did not report data for 2013; therefore, the query was expanded to include data from 2007
till 2017. Data identified as missing by NOAA in historical files was not included in the assessment (NOAA, 2017).
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Based on historical data from Station 44008, atmospheric temperatures of less than 0 o C (32 o F) with
wind speeds of less than 5 m/s or relative humidity of 95% are most likely to occur from January to
March. From a data set of approximately 50,000 hourly observations, only 0.01 to 0.18 percent met two
of the three defined criteria for ice formation, indicating that ice formation is a very low risk in this area.
While the 10-year sample indicates a very low risk, precautionary Notice to Mariners (“NTMs”) should
be issued to enhance safety of surrounding mariners during the months of January to March if
forecasted meteorological conditions are conducive to ice formation.
It is important to note that, in addition to meteorological conditions, turbine component materials and
operating characteristics may influence the occurrence of icing events. In the past WTG manufacturers
recommended warning mariners of the possibility of ice fragments being thrown from rotating turbines
during certain cold weather conditions and suggested mitigation measures that included placing safety
barriers around WTGs and/ or remotely deactivating WTGs when ice or a rotor imbalance is detected
(Wahl & Giguere, 2006). However, current manufacturing offers technical de-icing functions on turbine
blades which limit the formation of ice. These state-of-the-art turbines can automatically shut-down if
ice accumulation is detected on the blades. Based on the guidelines for safe distance calculations (as
stated in Section 2.2.1.2,), a safety distance of 452 m (1,483 ft) surrounding the WTGs would be needed
to reduce the risk of ice fragment damage to vessels during winter months18 if WTGs with technical deicing features are not used. Vineyard Wind’s turbines will be equipped with the automatic capability to
safely shutdown in the event ice build-up is detected. As an example, the turbine control and protection
systems will monitor multiple parameters including vibration, ambient conditions comparing wind speed
to measured output as some of the ways to determine blade ice formation. Vineyard Wind will not
preclude navigation through the wind farm, but will advise on safety zones due to “inclement weather
conditions” or potential ice formation. Furthermore, Vineyard Wind will maintain a regularly-updated
website that includes weather information (such as when conditions are favorable for potential ice
build-up). NTMs will be issued during those conditions.
3.5 Specific Waterway Characteristics
The Project region is the larger area surrounding the Offshore Project Area including traffic approaches;
it includes several precautionary areas, which are defined areas within which ships must use caution
and should follow the recommended direction of traffic flow (see Figure 3.5). Precautionary areas may
include a Traffic Separation Scheme (“TSS”). A TSS is one of several routing measures adopted by the
International Maritime Organization to facilitate safe navigation in areas where dense, congested,
and/or converging vessel traffic may occur or where navigation is constrained. A TSS creates separate
traffic lanes reserved for unidirectional traffic and is typically used by deep-draft vessels. A TSS is not
necessarily marked by an ATON, but it is marked on NOAA navigational charts. Cargo vessels, tankers,
cruise ships, and other deep-draft vessels approaching and departing New York, Boston, and ports in the
Project region (e.g. in Rhode Island or Connecticut) are expected to use recommended vessel routes,
18

Based on a safe distance of 1.5 x (hub height = rotor diameter) a safe distance of 452 m (1,483 ft) was calculated
(1.5 x [121 + 180 m]).
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including the TSS (NOAA, 2017a), However, the use of a TSS is not mandated by federal regulations.
To the east of Nantucket, the Nantucket to Boston Harbor TSS follows the deep bathymetry of the Great
South Channel, which is a deep-water passage between Nantucket and Georges Bank. This TSS enables
deep-draft vessels to safely travel south from Boston Harbor and northern waterways past Cape Cod
and the dangerously shallow waters of the Nantucket Shoals. The Nantucket to Boston Harbor TSS
inbound and outbound lanes are 1.6 km (0.8 nm) wide each and are separated by a 3.2 km (1.7 nm)
wide separation zone to enable vessels to safely enter and exit the TSS (NOAA, 2017c), although most
vessels enter a TSS at its terminus.
A precautionary area with a radius of 25 km (13.5 nm) southeast of the Nantucket Shoals at the
southerly end of the Great South Channel connects the Nantucket to Boston Harbor TSS with the
Nantucket to Ambrose TSS. The Nantucket to Ambrose TSS is an east-west approach to Narragansett
Bay, Buzzards Bay, Long Island, and New York coastal areas. An additional TSS services the approaches
to Narragansett Bay and Buzzards Bay and consists of four parts: two precautionary areas and two
approaches (i.e., a Narragansett approach and a Buzzards Bay approach). The precautionary areas have
radii of 8.7 km (4.7 nm) and 5.8 km (3.1 nm) and are located at the southerly ends of Narragansett Bay
and Buzzards Bay, respectively (NOAA, 2017).
Recommended vessel routes also exist for deep-draft vessels traversing Rhode Island Sound, Buzzards
Bay, and the Cape Cod Canal (NOAA, 2017a). These routes provide large vessels with a safe pathway of
at least 32 m (105 ft) in depth (NOAA, 2017a). Visual assessment of passenger ferry itinerary routes
indicates that these vessels are likely to remain in close proximity to the shoreline and the protected
harbors of Nantucket Sound, Vineyard Sound, Rhode Island Sound, and Buzzards Bay. Surveys of smaller
recreational boaters confirmed that the majority of boating occurs within one mile of the coastline
(Starbuck & Lipsky, 2013). Smaller vessels 14-23 m (45-75 ft) in length using gillnets, bottom trawls, and
dredges travel from New Bedford and Point Judith to concentrate in the shallower, protected areas for
squid, lobster, and multispecies groundfish. However, fishing areas may transition to deeper water
based on seasonal migration of catch (BOEM, 2017; RICRMC, 2010). As a more direct route from New
Bedford to Nantucket Sound and the open waterways of the Atlantic Ocean, commercial fishing vessels
may opt to utilize Quicks Hole Channel (NOAA, 2017a). Quicks Hole Channel is a very narrow passage
with shoals on either side of the channel (NOAA, 2017a).
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3.6 Aids to Navigation
Private aids to navigation (“PATONs”), ATONs, and radar transponders are located throughout the
Project region. These aids to navigation consist of lights, sound horns, buoys, and onshore lighthouses.
Most are marked on NOAA nautical charts and are intended to serve as a visual reference to support
safe maritime navigation.
ATONs are developed, established, operated, and maintained by the USCG in order to assist navigators
in determining their position, help navigators identify a safe course, and warn navigators of dangers and
obstructions. Likewise, ATONs are used to facilitate the safe and economic movement of commercial
vessel traffic.
The closest buoys to the WDA are a red and white bell buoy near the southern entrance to the
Muskeget Channel and one green can buoy that indicates the narrow channel clearance to Nantucket
Sound from the south. These ATONs are located approximately 8.5 km (4.6 nm) from the northern edge
of the WDA.
Lighthouses also serve as important ATONs for mariners passing by these onshore visual markers. The
following Martha’s Vineyard lighthouses are visible from waterways: West Chop Lighthouse, East Chop
Lighthouse, Edgartown Lighthouse, Gay Head Lighthouse, and the Cape Poge Lighthouse. Nantucket
Island currently has three lighthouses for ATONs: Brad Point Lighthouse, Great Point Lighthouse, and
Sankaty Head Lighthouse.19

19

Each lighthouse has a unique flashing sequence to make it discernible to mariners.

CLARENDON HILL CONSULTING, LLC

36

[Page Intentionally Left Blank]

CLARENDON HILL CONSULTING, LLC

37

4 Vessel Characteristics and Maritime Traffic in the Offshore Project Area
Introduction
This Section describes the vessel traffic and vessel characteristics within the Project region. Vessel
traffic was assessed through an AIS traffic survey. AIS data from 2016 (12 months of publication) were
analyzed for vessel types, traffic routes, and seasonal variations in traffic patterns (USCG, 2007). In
addition, AIS data from 2011 were used to show traffic density per lease block area (Aliquot data).
Vessel classes shown to routinely utilize the Offshore Project Area were further characterized in a vessel
survey. Outreach to marine stakeholders via phone, email, and an online survey collected information
on operator’s vessel types, usage, and typical routes. Stakeholder input included information on
navigational safety and vessel operator adaptability to the Project (see Appendix B-1).
A summary of vessel types and their characteristics such as vessel length, beam, draft, operating
speed/velocity, maneuverability, pilot proficiency, and/or navigational technology is given in Section 4.1
and 4.2. This information is differentiated for commercial and recreational vessels. Sections 4.3 and 4.4
describe vessel operating areas/routes, traffic density, and seasonal traffic variability near the Offshore
Project Area. Section 4.5 discusses marine events near the WDA. The findings from Section 4 were used
to inform conclusions regarding the impact on navigational safety, which is described in Section 5.
AIS Data Analysis Results
AIS data from 2016 for the WDA and OECC were analyzed for each of the vessel types described in
Sections 4.1 and 4.2. Figure 4.0-1 shows the 2016 AIS vessel traffic data for the WDA by AIS class. Table
4.0-1 represents a summary of these AIS 2016 data by vessel type. Figure 4.0-3 shows the 2016 AIS
vessel traffic data for the OECC by AIS class. As shown, the uses of the waterways associated with the
Offshore Project Area vary depending on their location. The WDA does not receive much vessel traffic;
vessels are mostly confined to the northern portion of the WDA and within the vicinity of the WDA. The
OECC is more heavily trafficked.
The characteristics of vessel classes shown to routinely utilize the Offshore Project Area based on 2016
AIS transmissions (see Figures 4.0-1 and 4.0-2). The following sections describe commercial (Section 4.1)
and Recreational Vessels (Section 4.2).
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20

Table 4.0-1: Summary of vessels observed in the WDA based on assessment of AIS data in 2016. Vessels are
reported by category type, vessel dimensions, deadweight tonnage (“DWT”), and speed (a range representing the
minimum and maximum is reported for categories with greater than one vessel observed).

Vessel Type

Number
Observed

Length1

Beam1

Draft1

DWT (MT)2

Speed 1

Research Vessels

3

40-68 m
131-223 ft)

10-13 m
(33-43 ft)

3-6 m
(10-20 ft)

105-21122

1.1-6.1 m/s
(2.2-11.9 knots)

Passenger Cruise Ships

None

N/A

N/A

N/A

N/A

N/A

Passenger Ferries

None

N/A

N/A

N/A

N/A

N/A

Cargo and Tankers

1

200 m
(656 ft)

32 m
(105 ft)

8m
(26 ft)

20,469

1.2-4.2 m/s
(2.3-8. 2 knots)

Tugboats

1

36 m
(118 ft)

11 m
(36 ft)

7m
(23 ft)

578

5.3-5.5 m/s
(10.3 - 10.6 knots)

Military or Military
Training

3

54-82 m
(177-269 ft)

10-13 m
(33-43 ft)

4-5 m
(13-16 ft)

1,651-2,041

1.7-4.7 m/s
(3.3 - 9.2 knots)

Commercial Fishing

68

11-40 m
(36-131 ft)

6-12 m
(20-29 ft)

Up to 4 m
(13 ft)

453 GT
(Sea Watcher)

0.3-6.1 m/s
(0.5 - 11.8 knots)

Recreational (Pleasure,
Sailing, Charter Fishing,
Tour)

15

11-45 m
(36-148 ft)

4-8 m
(13-26 ft)

Not Reported

31,000 kg2
(Comanche)

0.6-13.3 m/s
(1.2 - 25.9 knots)

1

Minimum to maximum range reported in WDA.
Maximum displacement values for Research and Recreational vessel types did not specify whether value was representative of full vessel load.
Maximum values for Research, Commercial Fishing, and Recreational vessels reported as Displacement rather than DWT.
2

20

Table information compiled from Shipspotting.com, MarineTraffic.com, and NOAA Office of Marine and Aviation
Operations (MarineTraffic.com, 2017; NOAA, 2017g; ShipSpotting.com, 2017).
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Vessel Characteristics
This section describes vessel the characteristics of vessel classes shown to routinely utilize the Offshore
Project Area based on 2016 AIS transmissions as depicted on (see Figures 4.0-1 and 4.0-3). The section is
broken down into a description of commercial (Section 4.1) and Recreational Vessels (Section 4.2).
4.1 Commercial Vessels
The major ports surrounding the Offshore Project Area provide an abundance of resources for
commercial trade, fish processing, passenger cruise lines, and onshore oceanic research.
Federal regulations require all liquid tankers, commercial carriers greater than 20 m (65 ft) in length or
150 gross tons, passenger vessels transporting 150 passengers, and commercial self-propelled fishing
vessels greater than 20 m (65 ft) to operate an AIS system to broadcast vessel information. (33 C.F.R. §
164.46; USCG NAVCEN, 2017a). AIS data from 2016 were queried to develop an accurate representation
of vessel types using the WDA area and identify primary stakeholders. AIS data from 2011 was also used
to assess traffic density and flow for the Offshore Project Area. Feedback from key stakeholders was
used to supplement vessel information and inform navigational safety mitigation measures in the
Offshore Project Area (see Section 2.2 for 2011 and 2016 AIS data assessment criteria).
Rhode Island and Massachusetts require that all vessels greater than 1,000 gross tons and with a 4 m (12
ft) draft, all foreign vessels, US vessels engaged in international trade, and vessels carrying hazardous
substances be operated by a licensed pilot when traversing Narragansett and Buzzards Bay (R.I.G.L ch.
46 § 9; M.G.L. ch.103 § 21). Pilots typically hold an Unlimited Master's license in addition to having an
extremely detailed knowledge of the local shipping channels, traffic patterns, water depths, underwater
hazards and local shipping rules and regulations. Pilots also have knowledge of the local currents, tides,
winds, weather, and topography with extensive ship handling experience in confined waters of the ports
and harbors they service. The Northeast Marine Pilots Association, the legislatively authorized statelicensed pilots responsible for the Region, boards vessels at three primary pilot boarding areas in the
Project Area: (1) east of Point Judith as the vessels exit the TSS and enter Narragansett Bay, (2) 7.2 km
(4.5 mi) SW of Point Judith between the point and Block Island, and (3) 9.7 km (6 mi) SE of Montauk
Point (Northeast Marine Pilots Association, n.d.). It is critical to note that a state-licensed pilot would not
be aboard a commercial vessel transiting the WDA because the WDA is further offshore than the pilot
boarding area.
4.1.1 Research Vessels
Based on AIS data from 2016, three research vessels (“R/V”) were recorded in the WDA. These three
vessels are operated by NOAA, WHOI, and academic institutions as part of the University-National
Oceanographic Laboratory System (“UNOLS”). The UNOLS-operated vessel, R/V Gordon Gunter, is the
largest of the UNOLS vessels identified in the AIS survey at 64 m (224 ft) in length, 5 m (15 ft) draft, 13 m
(43 ft) beam, and a cruising speed of five m/s (10 knots). Research vessels like the R/V Gordon Gunter
are typically equipped with radio detecting and ranging (“radar”) equipment, echo depth sounding, and
redundant telephone/ radio communication methods as required by US Navigational Safety Regulation
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33 C.F.R. § 164.35 (UNOLS, 2015). Communication and navigational accuracy is supplemented with
broadband satellite, AIS, multi-receiver GPS satellite positioning, multi-beam sonar, and acoustic
Doppler current profilers (NOAA, 2015). Research vessels have powerful diesel propulsion engines with
high-powered stern/ bow thrusters and dynamic positioning systems (“DPS”) for superior
maneuverability.
Commissioned officers in command of research vessels undergo extensive training in ship handling,
navigation, and safety and have a minimum of three years of active duty onboard a commissioned NOAA
vessel (NOAA, n.d.-a). WHOI vessels are piloted by Massachusetts Maritime Academy graduates who
have more than 15 years of experience in vessel navigation and safety. Captain Kent Sheasley of the
WHOI R/V Neil Armstrong reported that the WDA would not typically be traversed by mariners because
it is in a location that deviates from common navigational routes (Sheasley, 2017)21.
The University of Delaware’s NOAA research vessel R/V Hugh Sharp performs scallop research and
sampling during summer months (Swallow, 2017). John Swallow, the University of Delaware’s Director
of Marine Operations for NOAA, conveyed NOAA’s continued intent to conduct research in the vicinity
of the WDA. WTG installation may require long-term NOAA scallop sampling areas to be relocated.
However, as long as research vessels could safely travel near WTGs, the overall impact would be minor
(Swallow, 2017).
4.1.2 Passenger Cruise Vessels
The frequency of passenger cruise ship departure and arrival is seasonally-driven in the New England
area, with the greatest number of port calls occurring during September and October (City of Newport,
2017). Newport, Rhode Island serviced approximately 62 cruise ships in the 2016 season and is the most
popular port of call in the Narragansett Bay, Buzzards Bay, and Nantucket Bay area (2017). Cruise lines
known to service ports near the Offshore Project Area were researched to determine if Project-related
activities could impact their routes of operation (see Appendix B, Table B-4). No passenger cruise
vessels were identified in the WDA in the review of 2016 AIS data.22 Sixty-nine percent of the cruise
vessel itineraries reviewed connected the large port hubs of New York or Boston to Newport. Cruise
ships traveling north to Newport from New York or traveling south from Boston are expected to use
recommended vessel routes and TSS (NOAA, 2017a).
Smaller cruise lines currently take passengers to smaller port destinations like Block Island, Providence,
Nantucket, Martha’s Vineyard, New Bedford, Providence, and Boston. These vessels stay in close
proximity to the shoreline and do not traverse the WDA. However, these vessels may cross the OECC.
21

Sheasley stated that Mariners would typically stay off the shoals south of Nantucket and Martha’s Vineyard and
would stay south of the WDA (see Appendix B-1B).
22
All self-propelled vessels planning to transport 150 passengers or more and/ or those of ≥150 gross tons on an
international voyage must operate an AIS system to broadcast vessel information per 33 C.F.R. § 164.46 (USCG
NAVCEN, 2017).
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4.1.3 Passenger Ferries
Passenger ferry services in the Offshore Project Area operate year-round with seasonal variations to
their routes. Itineraries of ferry lines known to service the Offshore Project Area were researched to
map operational routes for 2017 and 2018. No passenger ferry vessels were identified in the WDA area
during the review of 2016 AIS data23 and, based on a review of operational routes for 2017 and 2018,
none are expected within the WDA in near-term. However, several ferry lines servicing Nantucket Sound
were identified as crossing the OECC (see Section 4.3.1 Operating Areas and Routes: Commercial
Vessels). According to the AIS data from 2016, 33% of the AIS transmissions in Nantucket Sound were
from passenger ferry services. The largest passenger ferry servicing the Hyannis to Nantucket route
year-round is operated by Hy-Line Cruises. The ferry vessel is approximately 46 m (151 ft) in length, with
a 10 m (34 ft) beam and 2 m (8 ft) draft (Hy-Line Cruises, 2017) (see Appendix B, Table B-5 for a
summary of ferry lines servicing Nantucket Sound, operational routes, and ferry vessel characteristics).
This ferry operates within the OECC.
Seastreak Ferry Services, Hy-Line Cruises, and the Steamship Authority were contacted for feedback
regarding ferry navigational safety during cable installation. Ferry service providers such as Seastreak
Ferry Services and Hy-Line Cruises did not anticipate a significant impact to their ferry service routes
during the cable-laying process; however, they requested frequent Notices to Mariners and routine
radio communication with ferries and similar stakeholders as routes and construction plans are finalized
(Scudder, 2017; Welch, 2017).
4.1.4 Liquid Tankers and Liquid Cargo Barges
A review of the US Army Corps of Engineers (“USACE”) Waterborne Commerce of the United States Part
1- Waterways and Harbors Atlantic Coast 2015 was completed to identify the ports surrounding the
Offshore Project Area that are most active in cargo trade, the characteristics of vessels required for
transport, and the number of vessels received at each of these active ports. Liquid tankers and barges
transported over 5,267,000 metric tons (“MT”) (5,806,000 short tons) of liquid petroleum products to
Providence in 2015 (USACE, 2015) (see Appendix B, Table B-2). Ninety-one percent of liquid tankers and
barges, arriving at all ports, had a draft depth of less than nine meters (30 ft). The remaining 9% had
draft depths greater than nine meters (30 ft) and all were received by the ports of Providence
(“ProvPort”) and Fall River (see Appendix B, Table B-3) (USACE, 2015).

23

All self-propelled vessels planning to transport 150 passengers or more must operate an AIS system to broadcast
vessel information per 33 C.F.R. §164.46 (USCG NAVCEN, 2017).
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Figure 4.1.4-1: Percentage of total freight imports/ exports by cargo type and vessel type in 2015 for ports
surrounding the Offshore Project Area (USACE, 2015).

In 2015, Liquid tankers and liquid cargo barges transporting liquid petroleum represented 61% of the
total freight traded by the ports of ProvPort, Davisville/ Quonset, Fall River, and New Bedford. As seen in
Figure 4.1.4-1, 58% of this petroleum was imported/exported by ProvPort (USACE, 2015). Although the
use of petroleum products spikes during winter months, transport of liquid petroleum products by liquid
tankers and barges occurs year-round(HS SEDI, 2013). Approximately 45,000,000 barrels of oil and
petroleum were transported from New York and Philadelphia through Buzzards Bay to the northern
ports of New England via liquid tank barges in 2012 (HS SEDI, 2013). It is estimated that many of these
liquid tank barges travel west to east along the recommended vessel routes to Narragansett Bay.
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Figure 4.1.4-2: Total number of vessels arriving by vessel type in 2015 for ports surrounding the Offshore Project
Area (USACE, 2015).

All liquid tank barges are required to be double-hulled in design. These barges have an average capacity
of 98,910 barrels (HS SEDI, 2013). Figure 4.1.4-2 provides a summary of the total number of vessels
arriving to ports surrounding the Offshore Project Area in 2015. Of the total tankers and liquid cargo
barges received in ProvPort, 79% were non-self-propelled and required a tug for propulsion (USACE,
2015). No liquid tankers were identified in the WDA area during the review of AIS data from 2016.
However, Reinauer Twins, a “pusher tug” designed specifically to facilitate towing of double-hulled
liquid tanker barges, was observed in the WDA in 2016. Furthermore, a tugboat called Mc Allister’s TT
Kaleen was identified in Nantucket Sound near Hyannis harbor.
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Liquid tank vessels and barges typically do not pose an unusually high risk to offshore wind projects.
The low number of vessels within this category observed in the Offshore Project Area further minimizes
risk of collision or allision. Furthermore, turbines will be lit and equipped with AIS transponders. Some
turbines will also have sound signals. However, as is the case with other vessels, in the event of a
disabled vessel, extreme weather conditions, and/or possible human error, liquid tanks and barges
could potentially pose a risk to the Project, which might result in oil spills24 (see Sections 5 and 8 for
conclusions and recommendations related to this section).
4.1.5 Dry Cargo Carriers
Dry Cargo Vessels have the capability to transport bulk shipments, pre-packaged manufactured goods,
and heavy, irregularly shaped cargo. Dry cargo can be shipped in large dry bulk carriers, on pallets in
break bulk vessels, in standardized shipping container vessels, and in roll-on/roll-off (“Ro-Ro”) vessels.
Dry bulk cargo including stone, salt, and sand accounted for approximately 27% of the total freight in the
ports of Providence, Fall River, and New Bedford (USACE 2015). Coal accounted for approximately 11%
of this total dry bulk commercial freight imported into Providence and Fall River in 2015. However, the
last coal-fired generating plant in Massachusetts, Brayton Point power station in Somerset, closed in
2017, thereby eliminating this vessel traffic and future need for similar imports (Finucane, 2017; USACE
2015).
Container ships transport standardized shipping containers packaged with any number of products.
ProvPort received over 67% of their manufactured goods in 2015 via self-propelled cargo vessels
(USACE, 2015). The largest container vessel to call on the Port of New Bedford in 2016-2017 was a
refrigerated shipping container cargo vessel or “reefer.” The M/V Ditlev Reefer has a capacity of 480
Twenty-foot Equivalent Units (“TEU”) containers, with a deadweight of approximately 17,222 MT
(18,984 short tons) (MarineTraffic, 2017). The M/V Ditlev Reefer is one of the largest vessels the New
Bedford State Pier can accommodate at 164 m (539 ft) in length, 24 m (79 ft) wide, and with draft depth
of eight meters (25 ft) (Maritime Terminal, Inc., 2017).25
Offshore supply vessels are support vessels utilized to transport construction components and
equipment during offshore construction and maintenance projects. One offshore supply vessel was
identified in the WDA during the review of AIS data from 201626 (see Table 4.1-1). The Warren Jr is 45 m
(150 ft ) in length, 10.3 m (34 ft) wide, with a four meter (13 ft) draft. The vessel has deck crane capacity
to lift over 4,536 kilograms (10,000 pounds) (Boston Harbor Cruises, 2015). Powerful 2,000 horsepower
engines with bow thrusters control the maneuverability of this vessel, while navigational safety is
improved by GPS and satellite communication (Boston Harbor Cruises, 2015). In a stakeholder outreach
24

The M/V World Prodigy grounded at the entrance to Narragansett Bay, spilling almost 300,000 gallons of oil due
to human error in 1989.
25
Information received from correspondence with Maritime Terminal, Inc. (2017).
26
All commercial self-propelled vessels greater than 20 m (65 ft) in length are required to utilize AIS positioning
systems to broadcast ship activity and vessel information per 33 C.F.R. § 164.46 (NAVCEN, 2017).
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interview, Rick Nolan, Principal of Boston Harbor Cruises Offshore Supply Division, said he foresees
minimal impact to offshore supply services and was excited about the environmental and economic
benefits achieved through the responsible, safe development of sites like the WDA (Nolan, 2017).
Seasonal automobile imports peak at North Atlantic Distribution, Inc.’s Port of Davisville facility from
October through December (Quonset Development Corporation, 2016; RICRMC, 2010). As the eighth
largest importer of automobiles in the US, over 227,000 automobiles were offloaded at the Port of
Davisville in 2015 via roll-on-roll-off (“Ro-Ro”) vessels (Quonset Development Corporation, 2016). Ro-Ro
vessels have ramps that easily facilitate the loading and unloading of automobiles. The Port of Davisville
services automotive dealers like Honda, Subaru, Porsche, Bentley, and Audi. In 2015, 193 Ro-Ro vessels
delivered approximately 407,800 MT (449,600 short tons) of freight (Blackburn, 2017; Quonset
Development Corporation, 2016).
A single Ro-Ro vessel was identified in the WDA area during the review of AIS data27 from 2016 (see
Table 4.1-1). The already mentioned Phoenix Leader is a Ro-Ro cargo vessel, approximately 199 m (653
ft) in length, 32 m (105 ft) beam, and with a seven meter (24 ft) draft (Vfilipova, n.d.). The Davisville
Port Director Robert Blackburn confirmed that Ro-Ro cargo vessels entering Quonset are on average of
200 m (656 ft) in length, have an air draft/height restriction of 46 m (151 ft), have a 35 m (115 ft) beam,
and have a maximum draft of 9.5 m (31 ft) (Blackburn, 2017).
4.1.6 USCG/ Military Vessels
One USCG vessel was identified in the WDA in 2016. The 82 m (270 ft) long USCG Spencer (WMEC-905),
a Medium Endurance Cutter, is homeported at USCG Sector Boston. In Nantucket Sound, several USCG
vessels, including USCG Hammerhead, CG 29237, CG 47289, and J 49 were identified in 2016 (see
Appendix B, Table D-1 for a complete list of SAR missions). Table 4.1.6-1 below gives an overview of the
USCG’s vessel fleet in southern NE.

27

All liquid tankers, commercial self-propelled carriers greater than 20 m (65 ft) in length, and/or those
transporting hazardous cargo are required to utilize AIS positioning systems to broadcast ship activity and vessel
information per 33 C.F.R. § 164.46 (NAVCEN, 2017).

CLARENDON HILL CONSULTING, LLC

49

Table 4.1.6-1: USCG vessel fleet in Southern New England.
Vessel Name

Type

Home Port

USCG Cutter Tybee

34 m (110 ft) USCG Patrol Boat (WPB )

Woods Hole, MA

USCG Cutter Sanibel

34 m (110 ft) USCG Patrol Boat (WPB)

Woods Hole, MA

USCG Cutter Hammerhead

27 m (87 ft) USCG Patrol Boat (WPB)

Woods Hole, MA

USCG Cutter Juniper

738 m (225 ft) USCG Buoy Tender (WLB)

Newport, RI

USCG Cutter Oak

738 m (225 ft) USCG Buoy Tender (WLB)

Newport, RI

USCG Cutter Ida Lewis

53 m (175 ft) USCG Buoy Tender (WLM)

Newport, RI

28

Additionally, the following USCG stations have vessel assets that are active in the area29:
 USCG Station Menemsha, Martha’s Vineyard, MA:
o Two – 14 m (47 ft) Motor Life Boats (“MLB”s)
o One – Nine meter (29 ft) Response Boat – Small (“RB-S” II)
 USCG Station Castle Hill, Newport, RI:
o Three – 14 m (45 ft) Response Boats – Medium (“RB-M”)
o Two – Nine meter (29 ft) RB-S II
 USCG Station Woods Hole, Woods Hole, MA:
o Two – 14 m (45 ft) RB-M
o One – Nine meter (29 ft) RB-S II
 USCG Air Station Cape Cod (“ASCC”), MA:
o MH-60T Jayhawk helicopters and HC-144A Ocean Sentry fixed-wing aircraft
The USCG’s Sector Southeastern New England (“SENE”) is responsible for SAR missions in the Offshore
Project Area (Sector Southeastern New England, n.d.). SAR missions are unplanned and can occur at any
time during the year at any location within the Offshore Project Area (see Section 6). SAR vessels
supporting these operations are stationed at the USCG station in Woods Hole. Additional vessel support
is available from surrounding USCG Units including stations at Martha’s Vineyard, Newport, and Boston
(USCG, n.d-a).
The nine-meter (29 ft) Response Boats listed above are able to easily maneuver with a three-meter (10
ft) beam and shallow 0.5 m (20 inch) draft (SAFE Boats International, 2017). These vessels are wellequipped to operate in extreme weather conditions for SAR missions. Standard navigation and
communication technology on these vessels include VHF/Ultra High Frequency (“UHF”), AIS, side scan
28
29

WPB, WLB and WLM are hull classification types
Personal Communication with Ed LeBlanc, USCG on November 6, 2017.
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solar, thermal camera systems, and search/ upgraded floodlights (SAFE Boats International, 2017). New
47 m (154 ft) Sentinel Class Fast Response Cutters (“FRC”) began replacing the 34 m (110 ft) Island Class
Patrol Boats in 2016. Designed to patrol areas close to shore, the FRC vessels have a draft of three
meters (10 ft) and twin-cylinder engines that enable predictable maneuverability at slower speeds
(Faram, 2010). Operated by five officers and 18 enlisted crew with extensive navigational and safety
training, the chief operating officer has an average of 13.5 years of experience (Faram, 2017). As part of
military strategy, FRC vessels are control centers for surveillance and intelligence; vessels are equipped
with an advanced military suite of surveillance technology, AIS, and satellite communication (Faram,
2017).
Additional vessels available to support SAR missions would likely originate from USCG First District
Stations at Martha’s Vineyard, Newport, and Boston (USCG, n.d.-a). Designed for extreme weather,
Martha’s Vineyard 14 m (47 ft) motor lifeboats can race through waters at speeds up to 13 m/s (25
knots) while managing 26 m/s (50 knot) storm winds and nine-meter (30 ft) sea surges (Sigelman, 2012).
Seagoing buoy tenders have superior maneuverability controlled by DPS and range from 26-82 m (85270 ft) in length. Designed as a Shipboard Command Control System, Medium-Endurance Cutters are
fitted with computerized sensors, radar, GPS, infrared/ low light cameras, electronic surveillance, and
satellite communication (Pike, 2011).
4.1.7 Commercial Fishing Vessels
Major commercial fishing ports that may source product in or within the vicinity of the WDA are
centered in Rhode Island (e.g., Point Judith) and Massachusetts (New Bedford). Commercial fishing
vessels located at Point Judith are on average 11-23 m (35-75 ft) in length (RICRMC, 2010). AIS data
from 2016 in the WDA confirm that vessels range from approximately 13-40 m (43-131 ft) in length.
Commercial fishermen use mobile gear and fixed gear for fishing in the WDA (Vineyard Wind, 2011),
including both trawl and dredge gear. Following engagement with commercial fishermen, Jim Kendall,
Vineyard Wind’s Fisheries Representative, estimates that the majority of fishing vessels operating in the
WDA are fixed gear vessels (i.e. gillnetting and lobster pot fishermen) (Kendall, 2016; Vineyard Wind,
2011).
Vessels smaller than 14 m (45 ft) in length are often utilized for dredging, or towing a heavy metal frame
with mesh behind the boat to scrape the surface of the ocean floor for surface clams and sea scallops.
Trawlers from Point Judith range from approximately 14-23 m (45-75 ft) in length (RICRMC, 2010).
Vessels using mobile gear generally require a greater amount of open area to operate, as trawl and
dredge gear can extend for up to 0.2 km (0.125 mi) behind the tow vessel. While towing gear, these
vessels may make 180 degree turns to continue trawling/dredging that can require up to 0.4 km (0.25
mi) to complete (Vineyard Wind, 2011). Gillnetting, which consists of installing stationary walls of mesh
netting, is also executed utilizing smaller vessels. Fixed gear fishermen set gillnetting equipment
primarily in the southeast point of the WDA (40°55'04.9"N 70°29'45.0"W) in an east to west pattern.
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Certain species have seasonal prime fishing windows. The average number of trips per month reported
by commercial fishermen in 2007 to 2009 significantly increased during summer months (i.e. May
through August); therefore, the fishing methods, gear, locations, and average travel may vary on a
monthly basis (RICRMC, 2010). The type and location of fish being caught during the summer months
may also influence traffic density and variability. Although commercial fishermen utilize the fishing
ports identified above year-round to offload their catch, the port locations at which they call and their
transit route(s) to and from fishing sites may vary.
Federal regulations require self-propelled commercial fishing vessels greater than 20 m (65 ft) in length
to operate an AIS Class B device to broadcast vessel information. (33 C.F.R. § 164.46; USCG NAVCEN,
2017a). With the exception of three commercial vessels that were from New Jersey, New York, and
North Carolina, all of the commercial fishing vessels monitored via AIS in the WDA were from the New
England area. Observed to be in the WDA in April of 2016, the F/V ESS Pursuit was identified by the
Massachusetts Department of Environmental Protection (“MassDEP”) as a commercial clam dredging
vessel registered in New Jersey that frequents the New Bedford area (MassDEP, 2010).
Commercial fishermen would likely require a relatively low vessel speed of between 1.3-2.5 m/s (2.5-5
knots) to trawl, dredge, or set gillnets (versus only transiting the area to reach a different fishing
location) (NOAA, 2017b). Consequently, data was analyzed to determine the number of vessels
operating at a speed below 1.5 m/s (3 knots). For example, based on the relatively slow speed of the
ESS Pursuit (i.e., an average of only 1.8 m/s [3.6 knots] over the course of three days in April of 2016), it
can be assumed that this vessel was likely dredging in the WDA area. The 2016 AIS data showed a total
of eight vessels operating at a speed of less than 1.5 m/s (3 knots) in the WDA versus 60 vessels
operating above that speed. This indicates that the majority of these vessels were likely transiting rather
than dredging or trawling in the WDA.
Sixty-eight commercial fishing vessels were identified in the WDA area during the review of 2016 AIS
data. Twenty-two of the vessels identified themselves in an unspecified AIS category30 and were later
identified as commercial fishing vessels through the USCG Vessel Documentation Center database
(NOAA Fisheries: Office of Science & Technology, n.d.). Fishing vessel counts per month within the WDA
are provided in Table 4.1.7-1.

30

AIS categories “0” and “90” represent “unspecified” or “other AIS classes” and have been reported in similar
locations as fishing and sailing vessels.
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Table 4.1.7-1: Number of fishing vessels in the WDA per month in 2016 as identified during review of AIS data

31

Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Number of
Fishing
Vessels

4

8

18

14

22

45

11

0

0

0

0

0

In addition, vessel types present in the area surrounding the WDA were analyzed. Within the WDA and
a 16 km or 10 mile buffer around the WDA, 81% of vessels were identified as commercial; fishing vessels
(compare section 4.3). As shown in 4.0-2 and Table 4.4, the majority of baseline vessel traffic in the
WDA and surrounding area occurs between Memorial Day and the Fourth of July weekend. Ninety-one
percent of commercial fishing vessels were reported during these summer months (compare Section 4.4
and Table 4-2).
Gillnets, bottom trawls, and dredges were identified by BOEM as the most common commercial gear
types utilized in the MA WEA by both average annual revenue and number of permits allocated (BOEM,
2017). The commercial fishing ports of New Bedford, MA and Point Judith, RI also reported that over
133.4 and 35.6 million pounds of landings or catch was delivered in 2010 by scallop and lobster boats,
trawlers, clammers, longlliners, and gill netters (BOEM, 2014).
Visual characterization of VMS data by the National Marine Fisheries Service (“NMFS”) from 2006 to
2010 provided similar conclusions to those from analysis of AIS data in the WDA. Analyzing fisheries
within the Offshore Project Area traveling less than four knots in speed32 confirmed that the WDA is of
low to medium-low fishing activity for commercial fishing activity overall (Northeast Ocean Data Portal,
n.d.).
As was observed with AIS data analysis, seasonal prime fishing windows will generate peaks in vessel
density relative to species migration patterns. Sporadic density levels of medium-high were observed in
some areas of the WDA for species like monkfish and squid (refer to Table 4.1.7-2); however, this fishing
activity likely occurs in the area at different times of the year. Monkfish are most commonly found in the
area in late spring/early summer when migrating from deeper water (NOAA Fisheries, n.d.), while the
prime seasonal window for squid is from May through October (RICRMC, 2010). During the construction
phase, the number of construction vessels on site will vary. It is assumed that there will be an average of
18 construction vessels and a maximum of up to 40 vessels per day in the WDA at the same time. The
risk from these construction vessels is discussed in Section 5.
31

Each month vessel count was tabulated individually; therefore, vessels may be counted more than once if
present in the WDA across multiple months in 2016.
32
Full or part-time multispecies, scallop, monkfish, surfclam/ ocean quahog, herring, mackerel, and squid/
butterfish are required to have an operational VMS unit per 50 CFR 648.9 and 648.10 (NOAA Fisheries, 2016).
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In response to feedback Vineyard Wind received from over one hundred static gear fisheries (e.g., gill
nets and traps/ pots), ground fisheries, bottom trawlers, and recreational fisheries, Vineyard Wind
designed the Project layout to include the approximately 1.7 km (1 mi) wide corridors to facilitate
navigation through the WDA (Vineyard Wind, 2017c and Vineyard Wind, 2017d). The transit corridor
width of 1 nm was determined by considering both the objective of providing a wider lane for navigation
and the need of the Project to space WTGs cost effectively. One nm was settled on because it is the
distance between transit zones, and the width of transit zones, used in the nearest Traffic Separation
Scheme (TSS) entering Buzzard’s Bay, and other TSSs in the US. In addition, during construction and
turbine installation, temporary safety zones will be established to facilitate safe transit in and around
the WDA. Furthermore, safety boats and NTM’s will inform mariners of construction zones.
Additionally, mariners’ knowledgeable operation of vessels, including adherence to navigational rules
and prudent seamanship are anticipated to mitigate the possibility of an allision with WTGs.
Table 4.1.7-2: Visual Characterization of VMS data in WDA.

Vessel Declaration

Density in WDA

Area(s) of Concentration (WDA)

Multispecies (Groundfish)

Low to Med-Low
(<30% of total)

N/A (sporadic)

Monkfish

Low to Medium-High
(<20% of total)

N/A (sporadic)

Herring

Low
(<10% of total)

N/A (sporadic)

Scallop

Low
(<1% of total)

North

Surfclams/ Ocean Quahogs

Low to Medium-Low
(<10% of total)

Northwest

Squid

Low to Medium-High
(<20% of total)

N/A (sporadic)

Mackerel

Low
(<1% of total)

N/A (sporadic)

In the combined cable route buffer within Nantucket Sound, 3631 commercial fishing vessel counts were
identified in 2016. They account for 12% of the AIS vessel transmissions that year as shown in Table 4.33. Traveling at an average speed of 4.1 m/s (8 knots), it can be assumed that the majority of the vessels
were not primarily engaged in fishing activities.
As was observed with AIS data analysis, visual characterization of VMS data showed that commercial
fishing vessels are primarily concentrated in areas south of Martha’s Vineyard and Nantucket, as well as
in Nantucket Sound (refer to Table 4.1.7-3). The OECC is highly traversed by ferry traffic to Nantucket
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Island along with commercial and recreational vessels traveling between the mainland and the Islands.
Cable-laying operations in Nantucket Sound will require up to three or four cable-laying, support, and
crew vessels on a daily basis on average; during peak installation a maximum of up to eight construction
vessels may be present in the OECC. Vessels would be operating along defined sections of the cable
route. In addition to the temporary safety zone, a communication plan will be developed and
implemented for cable-laying operations to engage commercial fishermen, ferry operators, and other
identified stakeholders in the discussion of these activities. As already noted, Vineyard Wind will
continue to engage with fishermen throughout the life of the Project (see Appendix III-E).
Table 4.1.7-3: Visual Characterization of VMS data in the OECC.

Vessel Declaration

Density in OECC

Area(s) of Concentration (OECC)

Multispecies (Groundfish)

Low to High

South of Martha’s Vineyard and Nantucket,
Nantucket Sound

Monkfish

Low to Med-Low

N/A (sporadic)

Herring

No Visual Activity

No Visual Activity

Scallop

Low to Medium-High

South of Martha’s Vineyard and Nantucket,
Nantucket Sound

Surfclams/ Ocean Quahogs

Low to Medium-High

N/A (sporadic)

Squid

Low to Very High

South of Martha’s Vineyard and Nantucket,
Nantucket Sound

Mackerel

Medium-High to High

South of Martha’s Vineyard and Nantucket

4.2 Recreational Vessels (Private, Charter, Touring, and Fishing)
Northeast Regional Ocean Council (“NROC”), the USCG First District, and marine trade associations
conducted a collaborative survey in 2012 to characterize marine recreational boater activity in New
England. The survey collected feedback from over 12,000 owners of state-registered and federally
documented vessels, including pleasure craft, commercial fishing, towing, and coastwise trade vessels in
New England (Starbuck & Lipsky, 2013).
The survey collected information about vessel type, size, safety/navigational training, seasonal
variability, purposes of vessel use, and travel routes taken by boaters during specified activities. Almost
47% of vessels were from five to eight meters (16-25 ft) in size and 96% of the recreational vessels
surveyed in NE were less than 12 m (40 ft) (Starbuck & Lipsky, 2013). Recreational vessel traffic density
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peaks during the summer months (i.e. June to August) (Starbuck & Lipsky, 2013). The majority of boats
operating in New England waterways are self-propelled; 71% were identified as open motorboats or
cabin cruisers, while only 18% were identified as sailboats. Fishing was the most popular of all
recreational activities identified in both Massachusetts and Rhode Island (43% and 34%, respectively)
(Starbuck & Lipsky, 2013).
According to the survey, New England boaters have an average of 30 years of boating experience, with
over 65% of participants having previously completed navigational classes (Starbuck & Lipsky, 2013).
More than 58% of the 12,000 recreational boaters in New England surveyed by NROC stated it was “very
or somewhat likely” that they could continue to enjoy recreational boating near offshore wind turbines
(Starbuck & Lipsky, 2013). The most common concerns identified by recreational boaters regarding
allision and collision safety were “fellow boaters’ behavior,” “inconsiderate actions by others” (74%),
“lack of knowledge of navigation rules by others” (58%), and “use of alcohol by boat operators” (43%)
(Starbuck & Lipsky, 2013).
The NROC survey did not include vessels registered outside of the New England area that may travel to
the area for use. However, it is assumed that recreational boaters outside of New England will travel to
the Rhode Island Sound area during similar seasonal months to visit the same high-volume recreational
ports identified. Recreational boaters from outside the New England area are also anticipated to utilize
the same navigational safety caution as the current local boating community. The NROC survey also did
not include non-registered vessels utilized exclusively for racing and regattas or registered vessels whose
described use is “Commercial Passenger,” “Livery,” or “Other” (as this represented only 1% of the total
registered boater population) (Hellin, et al., 2011). The NROC survey participants mapped operational
travel routes as part of the survey process. However, it was noted that route maps depicted may not
fully account for vessel maneuvers under sail (Starbuck & Lipsky, 2013).
Fifteen pleasure craft, sailing, and fishing charter vessels were identified in the WDA area during the
review of 2016 AIS data. One vessel reported itself in an unspecified AIS category33 and was later
identified as a fishing charter vessel. AIS data indicated the following numbers of recreational vessels in
the WDA: seven sailing vessels, one charter fishing vessel, and seven pleasure craft vessels. Certain
vessels operating in the WDA, including the 31 m (100 ft) long sailing yacht Comanche, may have a mast
height exceeding the anticipated WTG clearance of 27-31 m (89-102 ft) above MLLW and would pose a
potential risk of allision with WTGs. Comanche was reported as the largest sailing vessel; the second
tallest sailing yacht had a length of 18 m (60 ft). In Nantucket Sound, pleasure craft vessels accounted
for 26% of AIS transmissions in 2016. Sailing vessels accounted for 9% of the vessels traversing the
northern Offshore Project Area (see Table 4.3-4).

33

AIS categories “0” and “90” represent “unspecified” or “other AIS classes”.
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4.3 Description of Operating Areas and Routes
Introduction
This section assesses the volume and density of marine traffic in the Project Area including to vessel
approaches to ports that might be used during construction. This assessment also maps traffic routes of
stakeholders to determine if the Project may impact those operational areas. Data analyzed included
AIS data, information collected from stakeholder interviews and surveys, the Atlantic Coast Port Access
Route Study (“ACPARS”) USCG-2011-0351, and 2012 Northeast Recreational Boater Survey (USCG, 2016;
Starbuck & Lipsky, 2013).
Vessel Approaches to Ports that might be used during Construction
Vineyard Wind plans to use the Marine Commerce Terminal in New Bedford to offload shipments of
components, prepare them for installation, and then load components onto jack-up barges or other
suitable vessels for delivery to the lease area for installation. Some component fabrication and fit-up
may also take place at New Bedford Terminal. Given the possibility that one or more other offshore
wind projects may be using portions of the New Bedford Terminal at the same time, Vineyard Wind is
considering using other ports for certain activities as well. Table 4.3-1 gives an overview of ports that
may be used for construction along with improvements that may be required at each port prior to the
Project’s use of the port. It is important to note that Vineyard Wind will not be responsible for these
improvements; rather, Vineyard Wind will consider using these ports if the necessary upgrades are
made by the owner/lessor.
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Table 4.3-1: Possible Ports Used During Construction (Epsilon Associates, COP Revision 2018)

Port

Potential Improvements Required (to be completed by Port
Owner/ Operator Prior to Use by Vineyard Wind)

Massachusetts Ports
New Bedford Marine Commerce
Terminal

No improvements required.

Other areas in New Bedford Port

May require upgrades to onshore infrastructure and local
quay reinforcement.

Brayton Point

Requires upgrades to land and quay structures. Dredging is
only needed for maintenance purposes.

Montaup

Requires upgrades to land and quay structures. May require
removal of some existing onshore infrastructure. Dredging is
only needed for maintenance purposes.

Rhode Island Ports
Providence

Only requires minor upgrades to land and quay structures.
Some minor dredging may also be necessary.

Quonset Point

Only requires minor upgrades to land and quay structures.
Some minor dredging may also be necessary.

Connecticut Ports
New London

Requires upgrades to land and onshore infrastructure.

Bridgeport

May require upgrades to onshore infrastructure, local quay
reinforcement and extensive dredging.
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It is assumed that New Bedford will be used as the primary installation port; other ports are considered
secondary installation ports.
This navigational risk assessment analyzes increased vessel traffic volume to ports used during the C&I
phase (see Table 4.3-1). The ports in New Bedford are accessed through Buzzards Bay. The remaining
Massachusetts and Rhode Island port sites that might be used during construction are all located in
Narragansett Bay and are accessed through the TSS lanes. Finally, the Connecticut ports are accessed
through the southern TSS lanes as well
.
Overview of Operating Areas and Routes
The analysis of the 2016 AIS data provides all vessel counts in the Offshore Project Area. AIS vessel
transmissions were analyzed both for the WDA and the OECC as shown on Figure 4.0-1 and 4.0-3,
respectively. Tables 4.3-2 and 4.3-4 give an overview of the vessel counts in these areas.
As can be seen in Table 4.3-2, more than 66% of the 2016 AIS traffic density within the WDA was from
commercial fishing vessels (see also Figure 4.0-1). Traffic density by vessel type was identified as follows:
Table 4.3-2: Number of AIS Transmissions in 2016 by vessel type within the WDA.
Vessel Type

Percent of Total Transmissions

Commercial Fishing

Number of AIS Transmissions
(2016)
1130

Cargo

65

4%

Tug or Tanker

7

~0%

Pleasure Craft/ Sailing

147

9%

USCG SAR

25

1%

Other or “Unspecified”

342

20%

66%

Other or unspecified AIS categories listed by vessel name are shown in Table 4.3-3 below. As can be
seen, several of these vessels are fishing vessels (e.g. carrying the acronym F/V). R/V Endeavor and
Gordon Gunter are research vessels, whereas Viking Starship is a fishing charter vessel. Based on the
vessel names and types identified in the AIS 2016 data and through literature research, we approached
the stakeholders identified in Appendix B Table B-1A via email and through an online survey. The survey
results are summarized in Appendix B Table B-1B.
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Table 4.3-3: Other or unspecified AIS Transmissions in 2016 listed by vessel name.

AIS Type

Vessel Name

0

ELIZABETH & NIKI

0

F/V BEININGEN

0

F/V CELTIC

0

F/V DINAH JANE

0

F/V E S S PURSUIT

0

F/V LIBERTY

0

F/V RAIDERS

0

F/V SOUTHERNCRUSADER

0

F/V THOR

0

F/V TRIUNFO

0

GASTON'S_LEGACY

0

JASON AND DANIELLE

0

LADY DEBORAH

0

LILLIE BELLE

0

MCKINLEY

0

MYSTIC WAY

0

PREVAIL

0

SEA BREEZE TOO

0

SEA RAMBLER

0

VIKING STARSHIP

0

VOYAGER

0

WARREN JR

90

GORDON GUNTER

90

KINGS POINTER

90

NEPTUNE

90

R/V SHARP

90

ROST

97

RV ENDEAVOR
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According to AIS data from 2016 (see Figure 4.0-1), traffic density of commercial fishing vessels was
greatest north of the WDA, with over 77% of AIS commercial fishing transmissions occurring during the
summer months of May and June. Interviews with commercial fishermen in 2017 indicated this area is
popular for groundfish and squid trawling (Bacosta, 2017).
Vessel traffic in the area surrounding the WDA (up to 16 km [10 mi]) was analyzed for comparison as
well. As shown on Table 4.3-4, commercial fishing activities in the area surrounding the WDA account
for 80.9% of all AIS vessel transmissions in 2016 (out of 33,470 total AIS transmissions, compare Figure
4.0.1.-1).
Table 4.3-4: Number of AIS Transmissions in 2016 by vessel type within 16 km (10 mi) radius of WDA .

Vessel type

Number of AIS
Transmissions

Percent of Total Transmissions

Commercial Fishing

27089

80.9

Sailing

266

0.8

Pleasure Craft

467

1.4

SAR

48

0.14

Cargo

165

0.5

Tug or Tanker

13

0.04

Other or "Unspecified"

5422

16.2

Visual assessment of AIS density indicates that vessels traversing through the WDA from NW to SE
would be of low risk for allision with a corridor spacing of about 1.6 km (1 mi) between WTGs. The
corridor provides sufficient clearance for the largest commercial fishing vessel observed traversing this
area (i.e. 49 m [161 ft] in length with a 14 m [46 ft] beam). Please refer to Section 5.5 and 5.5.2 for
further discussion on possible limitations to maneuverability.
AIS transmissions in Nantucket Sound were queried to show the baseline vessel traffic within the OECC.
As can be seen on Table 4.3-5 and 4.0-3, passenger or high-speed vessels account for the highest
amount of vessel traffic in Nantucket Sound (33%), followed by pleasure craft (26%) and commercial
fishing vessels (13%). In order to narrow down the baseline traffic within the vicinity of the eastern and
western cable route (see 4.0-3), a 500 m buffer of the Eastern and Western cable route was created and
overlaid with each of the AIS transmissions by vessel type. Table 4.3-5 shows the AIS transmissions
within the Eastern and Western Cable Route buffer per vessel type.
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Table 4.3-5: Number of AIS Transmissions in 2016 by vessel type in Nantucket Sound.

Vessel Type

Percent of Total Transmissions

Commercial Fishing

Number of AIS Transmissions
(2016)
30096

Pleasure Craft

61359

26%

Sailing

21383

9%

SAR or Law Enforcement

2477

1%

Passenger or High Speed

77618

33%

Tug or Tanker

10

0.0049

Other or “Unspecified”

30525

13%

13%

As can be seen on Table 4.3-6, high speed vessels have the highest count within the 500 m buffered area
of the cable route area (5,284 AIS counts which represent 18% of the high speed AIS transmissions
within Nantucket Sound), followed by commercial fishing vessels (3,631 AIS counts which represents
12% of the fishing vessel transmissions in Nantucket Sound) and sailing vessels (2390 AIS counts which
represent 11.2% of sailing transmissions in Nantucket Sound). Tug boats and SAR vessels were reported
within the cable route buffer close to Hyannis. Though very prominent throughout Nantucket Sound
(48,429 AIS transmissions in total), only 192 passenger vessels were reported within the buffered
combined cable corridor (see AIS 2016 transmissions, Table 4.3-6). Within 500 m of the cable route
corridors, on average 45 .5 vessels are traversing daily (based on a total of 16,619 AIS transmissions
annually in 2016). 34

34

The entire Nantucket Sound is utilized by 612 vessels daily on average (based on 223,468 AIS transmissions in
total annually in 2016).
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Table 4.3-6: Number of AIS Transmissions in 2016 by vessel type within 500 m of Cable Corridor in Nantucket
Sound.
Number of AIS Transmissions (2016)

Nantucket Sound

Within 500 m of Cable
Corridor (Eastern and
Western)

Percent (%) of Cable
Corridor AIS transmission
(per all Nantucket Sound
transmissions per type)

Commercial Fishing

30096

3631

12.06

Pleasure Craft

61359

1107

1.80

Sailing

21383

2390

11.18

SAR or Law Enforcement

2477

672

27.13

Passenger

48429

192

0.40

High speed

29189

5284

18.10

Tug or Tanker

10

5

50.00

Other or “Unspecified”

30525

3177

10.41

Vessel Type

4.3.1 Operating Areas and Routes: Commercial Vessels
In addition to analyzing the 2016 AIS data of all vessel counts in the Offshore Project Area, 2011 AIS
information was used to give an overview of the vessel density per aliquot block. Each vessel count per
aliquot block represents the number of vessels traveling through a 1200 m x 1200 m (3,937 ft x 3,937 ft)
block in 2011 (BOEM, n.d.).35 Figure 4.3.1-1 shows the volume of commercial traffic using AIS data from
2011, measured by aliquot. All liquid tankers, commercial carriers greater than 20 m (65 ft) in length or
150 gross tons, and passenger vessels transporting 150 passengers or more must operate an AIS system
to broadcast vessel information per 33 C.F.R. § 164.46 (USCG NAVCEN, 2017a). However, it has become
more common for recreational and non-covered vessels to carry AIS for navigational safety purposes.

35

Each vessel count per aliquot block represents the number of vessels traveling through the block during the year
of 2011.
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Thus, while Figure 4.3.1-1 does not capture all vessel traffic that may traverse the Offshore Project Area,
it does provide a good understanding of where vessel volume is heaviest and which operational routes
are most common.
As shown in Figure 4.3.1-1, vessel traffic is heaviest in three primary areas:
 Approaching, entering, and exiting Block Island Sound and Narragansett Bay (e.g. traversing to
CT through the Long Island Sound or to ports in RI and MA)
 Entering and exiting Buzzards Bay, and
 Traveling from Hyannis to Nantucket.
The greatest volume of vessel traffic crossing Block Island Sound or Narragansett Bay to ports in
Connecticut, Rhode Island, and Massachusetts is comprised of cargo vessels, tankers, and tug/ barge
units following inbound/outbound TSS. Although use of inbound/outbound traffic lanes, separation
schemes, and precautionary areas is not mandatory, deep-draft vessels are expected to use these vessel
routes to reduce the risk of large vessel collision in high-traffic areas. The volume of traffic observed on
Figure 4.3.1-1 is not anticipated to have an impact on the WDA. Large commercial vessels are expected
to follow COLREGs (i.e., International Regulations for Preventing Collisions at Sea or the “Rules”) and
maintain their current flow of traffic while approaching and leaving TSS (USCG, 1989). AIS data indicate
that few commercial vessels transited the WDA in 2016. In comparison to the high-volume area of
Narragansett Bay where up to 9,158 vessels were observed in a single aliquot block (1200m x 1200m
[3937 ft x 3937 ft]), a maximum number of 16 vessels per aliquot were observed in the WDA area in the
entire year of 2011. The 2011 Aliquot data shows that the northern corner of the WDA is busiest with 16
vessels annually. On average, five vessels per 1200m x 1200m [3937 ft x 3937 ft]) Aliquot block are
shown in the WDA annually.
The 2013 AIS data has smaller grid cells (100m x 100m [328 ft x 328 ft]) and provides more detail of the
WDA (compare Figure 4.3.1-2). As can be seen on Figure 4.3.1-2, the northern corner of the WDA has
been traversed slightly more frequently than the remaining WDA. However, no more than 0.5 vessels
per 100 m x 100 m (328 ft x 328 ft) block traverse the WDA on an annual basis. This equates to an
average of 0.0002 vessels per day.
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Unsurprisingly, a high volume of passenger ferry traffic was observed between Hyannis and Nantucket
Island (see Figures 4.0-2 and 4.3.1-1). Although likely from ferry operation between mainland locations
and harbor islands during summer months, this high volume of vessel traffic could also originate from
smaller passenger cruise vessels or recreational boaters that call upon harbors and marinas on Block
Island, Nantucket, and Martha’s Vineyard. These vessels stay typically within 9.7 km (6 mi) of the
shoreline while transporting passengers from the mainland of Massachusetts and Rhode Island, but
must cross Nantucket Sound and the OECC when transporting passengers to Martha’s Vineyard and
Nantucket. Both seasonal and year-round service is provided by several ferry companies, with over 24
trips provided daily between Hyannis and Nantucket during the peak of the summer season (Nantucket
Ferries, 2017). Continued communication with ferry service providers regarding location of Projectrelated activities will minimize scheduling conflicts.
4.3.2 Operating Areas and Routes: Recreational Vessels
The majority of recreational boating occurs close to shore, with over half of boaters (52.4%) reporting
that routine operational routes occurred within 1.6 km (1 mi) of the coastline (Starbuck & Lipsky, 2013).
The highest density of recreational boater traffic in 2012 occurred predominantly in bays, protected
harbor areas, and between harbors and marinas in Rhode Island and Nantucket Sound as shown on 4.03 and Figure 4.3.2-1.
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An operational route of commercial and recreational fishing vessel traffic was also observed traversing
Nantucket Sound towards Atlantic Ocean areas northeast of Nantucket (refer to 4.0-3). Similar to ferry
service noted above, recreational boaters and commercial/recreational fishing vessels may be impacted
by the export cable installation in Nantucket Sound. NTMs and communication with
commercial/recreational fishermen regarding location of cable-lay vessels (“CLV”) during installation will
minimize vessel collision risk.
4.4 Seasonal Traffic Variations
The USACE Waterborne Commerce Report (2015), NROC Recreational Boater Survey (2012), RI SAMP
(2010), and AIS data from 2016 were used to assess seasonal traffic variations. The waterways
surrounding the WDA experience a surge in recreational traffic between the islands and the
Massachusetts and Rhode Island mainland between the summer months of June and August (Starbuck &
Lipsky, 2013). Ferry service between Massachusetts, Rhode Island and the surrounding islands is
typically provided from late May to early October (Travel by Ferry, n.d.). Two ferries, Hy-Line Cruises
and Steamship Authority run year-around to Nantucket Island. Forty-five percent of high speed vessels
run during Memorial Day and Fourth of July (based on 2016 AIS transmissions, see Table 4.6).
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As was observed by the Rhode Island Coastal Resources Management Council (“RICRMC”) and reflected
in the 2016 AIS data, commercial fishing in the area also increases during summer season months
(RICRMC, 2010). As shown on Table 4.1.7-1, the amount of fishing vessels in the WDA peaks in June
(with 45 vessels) to drop to 11 vessels in July followed by no fishing vessels reported from August to
December (based on AIS 2016 data). All other vessel categories follow a similar seasonal traffic pattern.
4.0-2 depicts the vessel traffic during summer months. Summer months were defined as the dates
between Memorial Day (May 28, 2016) and Labor Day (September 5, 2016). As can be seen in Table 4.4,
the WDA and 16 km (10 mi) surrounding area sees a major seasonal increase of mostly recreational
vessels (sailing and pleasure craft) and commercial fishing vessels during the summer months (as
defined above). In total, these summer months account for 86% of all annual vessel traffic in the area in
vicinity of the WDA.36 Within the WDA, 54.6% of vessel traffic occurs between Memorial Day and the
Fourth of July weekend (Table 4.5). According to the 2016 AIS data, no vessels were reported within the
WDA or its 16 km surrounding area after July 4th in 2016. According to the 2016 AIS data, no vessels
were reported within the WDA and 16 km surrounding area after July 4th in 2016 with a majority of
traffic (86.5 %) occurring between Memorial Day and the Fourth of July weekend. The WDA itself
reports less vessel traffic throughout the year with a seasonal vessel peak of 54.6 % for all vessel types
(see Table 4.5). While pleasure craft only utilized the WDA during the summer months, fishing vessels
show a more wide spread use of the WDA throughout the year with a seasonal increase of 60.5 % during
the summer. In comparison, the area within 16 km (10 mi) radius of the WDA was utilized to 90.78 % by
fishing vessels during the summer Though the seasonal aspect is less prone within the WDA than in the
area surrounding it, it should be considered in the risk evaluation.

36

During the summer months, 29,851 vessel counts have been reported, whereas 34,500 vessels were reported
during the entire year 2016 within the WDA and16 km (10 mile) surrounding area.
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Table 4.4: Seasonal AIS Transmissions in 2016 by vessel type within 16 km (10 mi) radius of WDA .

AIS category (2016)

Summer Months
(Memorial Day Labor Day 2016)

All months (2016)

Percentage (%) of
traffic in the summer
per AIS category

Fishing

24601

27089

90.8

Sailing

160

266

60.2

Pleasure Craft

457

467

97.9

SAR

0

48

0

Cargo

4

165

2.4

Tug or Tanker

0

13

0

Other or "Unspecified"

4629

6452

71.8

Total 2016 AIS counts

29851

34500

86.5

Table 4.5: Seasonal AIS Transmissions in 2016 by vessel type within WDA.

AIS category (2016)

Summer Months
(Memorial Day Labor Day 2016)

All months (2016)

Percentage (%) of
traffic in the summer
per AIS category

Fishing

743

1228

60.5

Sailing

36

74

48.6

Pleasure Craft

73

73

100

Other or "Unspecified"

164

370

44.3

Total 2016 AIS counts

1016

1860

54.6

AIS transmissions in Nantucket Sound were analyzed for their seasonality as well. The combined cable
route including a 500 m buffer has a seasonality of 52.5 % for all vessel types. Pleasure craft (90.3%) and
sailing vessels (76%) are mostly reported during Memorial Day and Fourth of July. SAR vessels and tug
boats show high recordings during the summer months as well which may be linked to Search and
Rescue or towing operations of vessels participating in these summer activities. No AIS transmissions
were reported within the 500 m combined cable route buffer after July 4th (based on AIS 2016
transmissions).
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Table 4.6: Seasonal AIS Transmissions in 2016 by vessel type within 500 m of Combined Cable Route (OECC).

AIS category (2016)

Summer Months
(Memorial Day –
Labor Day 2016)

All months (2016)

Percentage (%) of
traffic in the summer
per AIS category

Fishing

1693

3631

46.6

Sailing

1823

2390

76.3

Pleasure Craft

1000

1107

90.3

SAR

640

672

95.2

Passenger

54

192

28,1

High Speed

2466

5445

45.3

Tug or Tanker

5

10

50

Other or "Unspecified"

2133

1040

32.8

Total 2016 AIS counts

8730

16619

52.5

The Ports in the Project area experience little seasonal variability. Import of dry cargo and liquid
petroleum products by liquid tankers occurs year-round to ProvPort and surrounding Narragansett Bay
ports with little seasonal variation (HS SEDI, 2013). However, seasonal automobile imports peak at
Quonset Davisville from October through December (Quonset Development Corporation, 2016; RICRMC,
2010).
4.5 Marine Events
The Massachusetts and Rhode Island coastal areas host multiple sailing events during spring and
summer months. Often occurring every two to four years, regattas like the Marion to Bermuda and the
Transatlantic Race (“TR”) have crossed the Offshore Project Area during past races. Regattas will
continue to depart from Newport and may cross the WDA (refer to Figure 4.5-1). The AIS 2011 aliquot
data includes participants from the TR and Marion Bermuda Race which both took place in 2011
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Figure 4.5-1: Virtual tracking of the 2017 Marion to Bermuda regatta and the 2015 Transatlantic Race vessels en
route to Newport (images sourced from Marion to Bermuda 2017 and TR 2019) (Marion-Bermuda Cruising Yacht
Race Association, Inc., 2017; New York Yacht Club, 2017).

Brad Read, Executive Director of Sail Newport and partner of the Volvo Ocean Race North American
Stopover, responded during stakeholder outreach that transatlantic races like the Volvo Ocean Race will
continue to pass through the Lease Area and WDA while inbound or outbound of Newport (Read, 2017).
The TR organized by the New York Yacht Club, Royal Yacht Squadron, Royal Ocean Racing Club, and
Storm Trysail Club departs from Newport and finishes in the Lizard, United Kingdom (“UK”) (Young,
2017). In addition to communications with regatta organizers, officials, and participants regarding the
Project’s construction schedule, TR 2019 Co-Chair Patricia Young recommended adding temporary
navigational aids upon consultation and in agreement with the USCG during events to prevent race
participants from entering the WDA to minimize risk of allision with WTGs and collision with
construction vessels (Young, 2017).
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5 Potential Effects of the Project on Navigational Safety
Following a review of applicable navigation rules in Section 5.1, Section 5 sub-sections discuss the results
of the review of potential effects and risks to navigation from the Project determined by the change
analysis (see Appendix A-1 Change Analysis results). The Project introduces risks to navigation during
C&I/decommissioning and during O&M. These project phases are described in separate sections (see
Sections 5.2 and 5.3). Section 5.2 includes an overview of construction activities and construction
vessels (see Section 5.2.1). The change analysis demonstrates Project impacts on baseline activities at
the Offshore Project Area and associated ports (e.g. staging or O&M ports, see Section 4.3). The level of
disruption of normal activities and traffic patterns is evaluated in detail. Based on the findings regarding
the risks to safe navigation and possible Project impacts on communication and SAR missions (see
Sections 6 and 7), ATONs are proposed in Section 5.4. Section 5.5 provides a detailed analysis of the risk
of collision, allision or grounding from the Project considering applied ATONs to minimize navigational
safety risks. A review of current literature on the risk of collision or allision is followed by a detailed
analysis of possible vessel maneuverability and anchoring constraints imposed by the Project (Sections
5.5.1 and 5.5.2).
In order to mitigate any potential adverse effects on safe navigation in and around the Offshore Project
Area, the WTGs and construction equipment will be lit, marked, and equipped with AIS transponders.
Selected WTG’s will also be equipped with sound signals. Information sharing (e.g. NTMs or sharing
specific construction routes or schedules) will be implemented during the construction and operation
phase to help mitigate potential Project impacts. Proactive behavior by all mariners and adherence to
navigation rules by construction and service vessel operators should further mitigate risks that may arise
over the Project’s lifetime. The key means to enhance safety on the water are situational awareness,
due diligence, and proper communication by and between mariners.
5.1 Navigation Rules
The International Regulations for Preventing Collisions at Sea 1972 (“COLREGS”) (also known as the
“Rules”) provide the lead guidance for safe navigation in general and with respect to the use of vessels
during construction and operation of the Vineyard Wind Project. These rules clarify “rights of way, but
do not grant privileges.” Rather, the Rules impose responsibilities and require precaution under all
conditions and circumstances. No Rule exonerates any vessel from the consequences of neglect (Rule 2).
Neglect, among other things, could be not maintaining a proper look-out (Rule 5), use of improper speed
(Rule 6), not taking the appropriate actions to determine and avoid collision (Rules 7 and 8), or
completely ignoring responsibilities imposed by the Rules. Rule 3 broadly applies the Rules to all
watercraft by defining “vessel” as every description of watercraft, including non-displacement craft,
wing-in-ground craft, and seaplanes, used or capable of being used as a means of transportation on
water.
Another set of rules - the Steering and Sailing Rules - provide mariners with a roadmap to operating
safely, regardless of the conditions. These rules include measures for reducing the potential for vessels
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to collide with a WTG or a construction vessel. For example:


Rule 5 states: “Every vessel shall at all times maintain a proper look-out by sight and hearing
as well as by all available means appropriate in the prevailing circumstances and conditions
so as to make a full appraisal of the situation and of the risk of collision.”



Rule 6 states in part: “[E]very vessel shall at all times proceed at a safe speed so that she can
take proper and effective action to avoid a collision and be stopped within a distance
appropriate to the prevailing circumstances and conditions.” To determine the safe speed at
any time, the proximity of other vessels, WTGs and other structures plus weather and other
factors should be considered. Therefore, vessels in and around the WDA should operate at
speeds that allow the vessel to stop or avoid collision with another vessel or WTG.



Rule 7a states: “[E]very vessel shall use all available means appropriate to the prevailing
circumstances and conditions to determine if risk of collision exists. If there is any doubt such
risk shall be deemed to exist.”



Rule 8e states that if more time is required to assess the circumstances or avoid collision, then
the vessel should slow down or stop to avoid a potential collision.



Rule 8a states “any action to avoid a collision shall, if the circumstances of the case admit, be
positive, made in ample time, and with due regard to the observance of good seamanship.”



Rule 19b states that every vessel shall proceed at a safe speed adapted to the prevailing
circumstances and conditions of restricted visibility.

In other words, to determine the safe speed at any time, the proximity of other vessels, WTGs and other
structures, plus weather and other factors should be considered. The mariner must also continually
assess the weather and other circumstances to assess the potential for a collision with another vessel or
WTG. Therefore, mariners in and around the WDA should consider all relevant circumstances and
operate at speeds that always allow time for the mariner to stop or avoid collision with another vessel
or WTG.
The rules in the COLREGS mitigate the risk of collisions between structures and vessels. Professional,
licensed mariners are required to display their proficiency in understanding the Rules during licensing
exams. Ultimately, the failure to observe some of the Rules can be remedied by adherence to the
primary commandment, the “Rule of Good Seamanship,” which states:


“Nothing in these rules shall exonerate any vessel, or the owner, master or crew thereof, from
the consequences of nay neglect to comply with these Rules or of the neglect of any precaution
which may be required by the ordinary practice of seaman, or by the special circumstances of
the case (Rule 2(a), COLREGS).”
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Also fundamental to the safe operation of vessels is the “General Prudential Rule,” which states:


“In construing and complying with these Rules due regard shall be had to all dangers of
navigation and collision and to any special circumstances, including the limitations of the vessels
involved, which may make a departure from these Rules necessary to avoid immediate danger
(Rule 2(b), COLREGS).”

Thus, a departure from the Rules may at times be necessary in extreme cases, or if a situation develops
that is not clearly defined in the COLREGS.
Vineyard Wind will ensure that every Project construction and support vessel operator is informed
about the Rules discussed above. A Marine Coordinator will be hired to manage all construction vessel
logistics and act as a liaison with the USCG, port authorities, state and local law enforcement, marine
patrol, and commercial operator(s) during construction. The Marine Coordinator will provide guidance
to construction vessel operators as needed. In addition to being kept informed of all planned
construction vessel activities, the marine coordinator will advise all vessel operators involved in the
Project on inclement weather conditions and will have a communications plan in place. The Marine
Coordinator will also promote compliance with the Project’s permits and applicable laws at all times.
Compliance by passing vessels with the mariners’ rules, in conjunction with the lighting and audible
warning systems to be installed at the new facilities, are intended to mitigate collision risks.
5.2 Construction / Decommissioning Phase
Construction is anticipated to start in the fourth quarter of 2019. For the purpose of this NRA, it is
assumed the 800 MW Project will be constructed in one phase over the course of approximately three
years, which represents the “worst case scenario” (see Section 2.1.4.1). A more detailed construction
schedule can be found in COP Volume 1. Decommissioning will involve similar activities. A detailed
decommissioning plan will be developed per the BOEM regulations.
5.2.1 Vessels Utilized for Construction and Operation
The construction of the Project will involve a variety of vessels. Vineyard Wind will rely on both
construction and support vessels to complete offshore tasks during C&I and O&M phases. An installation
and feeder concept is assumed unless a Jones Act compliant vessel becomes available to assist with the
installation process (Epsilon Associates, 2017).37 A list of vessels assumed necessary for offshore project
construction and operation is included in Table 5.2-1-1. For a more comprehensive list of vessels used
for the Project, see Tables 4.2-1 and 4.3-2 in Volume 1 of the COP.

37

The availability of vessels will be dependent on supply chain availability and final contracting.
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Table 5.2.1-1: Examples of Vessel Types Expected to be used during Offshore Project Construction and Operation

Type of Vessel

Use Case

Survey vessels

Geophysical mapping of the seabed bathymetry and
environmental sampling

Cable Lay Vessel (CLVs)

Inter-array cable-laying; export cable-laying; trenching

Fall Pipe Vessels (FPVs)

Installation of scour protection; cable burying

High-speed Heavy Lift Cargo Vessel

Transport of components (foundations, turbine blades etc.)

Anchor-handling Tug Supply Vessels
(“AHTV”)

Tugging or towing of cables, supplies, barges, or other vessels
to and from the WDA

Crew transfer vessels (CTVs)

Crew transfer

Jack-up vessels

Installation and service of jackets and monopiles

Jack-up barges

Installation and service of jackets and monopiles

Liftboats

Installation and service of jackets and monopiles
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Survey Vessels are used to map seabed bathymetry and conduct environmental sampling during C&I.
Cable lay operations through using CLVs will occur both in the WDA and between the WDA and the
Landfall Sites on the mainland.
During construction and operation multi-purpose vessels (“MPVs”) are used. The following types of
MPVs may be used (Fraunhofer, 2016):


Jack-up barges: These non-self-propelled platforms are able to lift themselves above water level
by lowering down a number of legs into the seabed, which provides good stability for crane
operations under rough weather conditions. These vessels are slow and dependent on support
ship capabilities to tow them to their working area and position them for installation. They can
serve as feeder vessels as well as installation vessels with limited operable water depth and
crane capabilities (e.g., small pedestal mounted cranes, mobile caterpillar cranes).



Jack-up vessels: These vessels combine the self-lifting and stabilization features of jack-up
platforms with a self-propulsion system, thus eliminating the need for towing vessels. Successful
and popular installation vessels, they remain limited by their multi-purpose role and in their
operability by water depth and their crane capabilities (e.g., medium pedestal mounted cranes).



Other MPVs (e.g., semi-submersible platforms / liftboats): Semi-submersible vessels offer good
stability during crane operations by lowering part of their hull under the water surface making
them less sensitive to waves resulting in less hull motions. Depending on their size, vessels of
this type can offer huge deck space and excellent lifting capacities but this makes them less agile
and costly to operate.38

Construction vessels will mainly be transiting between the Offshore Project Area and the New Bedford
Terminal, with some potential traffic into an overflow port facility in Rhode Island, Massachusetts, or
Connecticut. There will potentially be minor traffic (mostly form crew transfer vessels) into the O&M
Facilities port, which that has not yet been identified but will likely be either on Martha’s Vineyard or
New Bedford.
On-Site Vessel Traffic Increase
It is assumed that one installation vessel will be available during the installation phase (e.g., for the
foundations and wind turbines). This installation vessel will remain on-site while feeder barges transport
components from the first or secondary port to the WDA. The feeder barge would travel between the
port and the WDA continuously. The most intense period of vessel traffic would occur when wind
38

In Europe, crane vessels are commonly used during the O&M phase. Crane vessels utilize large sheerleg or
pedestal-mounted cranes to lift heavy loads like complete substations. Due to the size of the lifting device these
vessels are limited in speed and have commonly no deck space available for transporting the items they are to
install.
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turbine foundations, inter-array cables, and WTGs are installed in parallel (Epsilon, 2017a). It is
estimated that a maximum of 40 vessels would be on-site at any given time. On average, up to 16
vessels would be at the WDA during this period.
During cable installation, cable laying vessels would be working in Nantucket Sound. It is assumed that a
maximum of up to eight vessels would be at the OECC during peak installation; on average up to four
vessels are assumed to be at the cable route area (Vineyard Wind, 2017).
Vessel Traffic Increase between WDA and Ports
During the construction phase, vessels would be continuously traversing between the Port of New
Bedford or a secondary port in Rhode Island, Massachusetts, or Connecticut and the WDA. A maximum
of up to 45 vessels is assumed to be traveling between the ports and the site daily during the main
installation period. (On average 21 vessels are assumed to be travelling between the port sites and the
WDA.) In case the above-mentioned feeder installation concept cannot be used, a vessel might
transport components out of a Canadian port (Epsilon, 2017a). Furthermore, vessels will also deliver
components from Europe. Any vessels transiting from
Europe would follow the major traffic
schemes arriving at the WDA from southern directions.
Vessels will operate continuously during the construction phase to the extent weather and other
relevant conditions permit. Vineyard Wind will implement safety measures such as restricting vessel and
construction activities during inclement weather. Based on orders from vessel captains, marine warranty
surveyors, or other safety personnel, work may be halted during adverse weather conditions to mitigate
unnecessary risks to personnel, vessels, and the environment.
Vessels operating in the construction phase are subject to the same rules and regulations as the other
vessels per COLREGS (see Section 5.1 Rules to Navigation). Vessels will display the appropriate lights and
shapes, and sound proper signals in case of limited visibility (e.g., during fog or at night). One security
vessel would be on-site during construction activities.
5.2.2 Disruption of Normal Traffic Patterns
No significant disruption of normal traffic patterns is anticipated in the Offshore Project Area during
construction or decommissioning, in part, because the WDA is not heavily trafficked. As shown in
Section 4, 0.5 vessels per 100 m x 100 m (328 ft x 328 ft) block traverse the WDA on an annual basis
(based on AIS 2013 data, see Figure 4.3.1-2). Traffic within the WDA fluctuates seasonally. As described
in Section 4.4, 54.6% of vessel traffic is seasonal within the WDA, whereas the WDA and surrounding
area receive 86 % of their vessel traffic between Memorial Day and the Fourth of July weekend
(compare 4.0-2 and Table 4.4).
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Impacted Activities / Traffic Patterns
Fishing activities
The area north of the WDA is a common fishing ground that attracts commercial fishing vessels, to a
certain extent, into the WDA (see COP Section 7.6 in Volume III for details on commercial fishing).
Furthermore, commercial fishermen are using Nantucket Sound (see below). Fishing activities might be
impacted during the C&I. As shown in Sections 4.1.7 and 4.4, commercial fishing vessels peak during the
summer months; 91 % of fishing vessel activities occurred from Memorial Day to Fourth of July (based
on AIS 2016 data for the WDA and surrounding area). Within the combined cable route in the OECC,
46.6% of commercial fishing vessels are reported during the summer months. As already noted,
Vineyard Wind has been engaging with fishermen since 2011 and has incorporated their input into the
Project’s design. Vineyard Wind will continue to engage with fishermen as outlined in the Project’s COP
(see Appendix III-E) to minimize any potential impacts on fishing activities.
Recreational boating activities and Marine Events
Pleasure craft and sailboats also use the WDA. As already noted, a few marine events/regattas, including
the Marion to Bermuda Race or TR, may traverse parts of the WDA (see Section 4).39 Vineyard Wind will
engage with stakeholders, including local marinas, to make them aware of the Project’s construction
schedule. In advance of marine events and sailing regattas, Vineyard Wind will work with the event
organizers to ensure safe navigation in the vicinity of the WDA. In consultation with USCG, additional
safety measures may include the placement of temporary PATONS as guidance to mariners to minimize
risk of allision and ensure safe routes during temporary events.
Ferry, recreational and commercial traffic to Martha’s Vineyard and Nantucket
As shown Table 4.3.2 and 4.0-3, passenger ferries in Nantucket Sound account for 33% of AIS
transmissions (based on 2016 AIS data). Most of these ferries run seasonal from May to October (see
Section 4.4); only two ferries, Hy-Line Cruises and Steamship Authority run year-around to Nantucket
Island (see Appendix B Table B-5)40. As noted in Section 4.3, a 500 m buffer of the combined cable
routes was created and overlaid with each of the AIS transmissions by vessel type to analyze the risk.
High speed ferry traffic accounted for 5445 AIS transmissions annually in 2016 with 45% of the ferry
operations occurring seasonal between Memorial Day and Fourth of July (see Table 4.3.3 and 4.6).

39

According to the archives no race was held in 2016. However, both the TA and Marion Bermuda Race took place
in 2011 (for which Aliquot data (per block) were reviewed.
40
No AIS transmissions were reported within the 500 m combined cable route buffer after July 4th in the year
2016 (based on AIS 2016 transmissions).
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Furthermore, numerous AIS transmissions of fishing vessels, sailing vessels and pleasure craft are
reported in 2016 in the combined cable routes buffer area (compare Table 4.3.3). Pleasure craft and
sailing vessels utilize the area mostly during the summer months (90% and 76 % seasonality, as shown in
Table 4.4). As shown in Table 4.6, 46 % of fishing vessels were reported between Memorial Day and
Fourth of July.
During construction, up to four (on average) to eight (at maximum) cable-laying, support, and crew
vessels are expected to be operating along sections of the OECC on a daily basis. Construction vessels
may pose an increased risk of collision to ferries running from Hyannis to Martha’s Vineyard and
Nantucket. 41 Vineyard Wind will work with the ferry operators and other mariners using the area to
minimize navigational risks during construction. A list of passenger and high speed vessels found to be
traversing the combined cable route corridor in 2016 is included in Appendix F. However, Hy-Line
Cruises, which services Nantucket, does not anticipate a significant impact to their ferry service route
during the cable-laying process as long as communication and NTM’s are maintained during
construction (see Section 4.1.3 and Appendix B Table B-1B, Vessel Survey) (Scudder, 2017). Vineyard
Wind will work with ferry operators and harbor pilots to mitigate collision risk and minimize schedule
delays. NTMs will be issued to the marine community and locations of construction activities will be
broadcasted widely during the cable-laying phase.
Vessel traffic to Port Sites (New Bedford and Rhode Island)
The number of construction vessels traversing to the port sites will vary throughout the construction
phase. As noted above, construction vessel traffic to New Bedford or a selected port in Rhode Island,
Connecticut, or Massachusetts could add up to 41 vessels on a daily basis during the most intense
construction phase. Construction vessels would follow routes similar to regular commercial traffic to the
Port of New Bedford and to port sites in Rhode Island. It is assumed that deep draft construction vessels
or those loaded with large components would navigate around the shoals and enter the Eastern Traffic
Separation Zone on their approach to New Bedford or continue to the northern traffic separation zone
traveling to a Rhode Island port.42
Based on the 2011 AIS aliquot data, the approach to ports in Rhode Island or Massachusetts reached a
count of up to 27 vessels daily (based on 9875 vessels annually per 1200 m x 1200 m [3937 ft x 3937 ft]
block). The approach to ports in Connecticut through the southern TSS reaches a count of up to 2569
vessels annually. This equals a count of up to seven vessels daily (per 1200m x 1200m block). Since AIS is
only mandatory for commercial vessels greater than 20 m (65 ft) (see Section 4.1), it is assumed that the
TSS approaches to Narragansett Bay and Long Island Sound are much more frequented. USACE 2015
41

One other ferry runs from Woods Hole to Vineyard Haven (Steamship) which might be impacted depending on
the location of the cable route and operating port.
42
A common route for shallow draft motorcraft to and from New Bedford is to cut through Quick’s Hole north of
Nashawena Island and between Martha’s Vineyard and Nomans Land. However due to the shallow draft and
surrounding shoals this approach is not advisable for deep-draft vessels.
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data report the numbers of cargo vessels and tankers calling on specific ports (see Figure 4.1.4-2 in
Section 4.1.4 and Appendix B- Table B-3). For the Port of Providence, 612 cargo vessels and tankers are
listed for the year 2015 (USACE, 2015). This transcribes to 1.7 vessels calling on ProvPort daily.
Based on 2011 AIS Aliquot data, the approach to New Bedford Harbor shows a maximum of 1,357
vessels annually (per 1200 m x 1200 m [3937 ft x 3937 ft] Aliquot block). This equals 3.7 vessels daily.
The port of New Bedford houses over 300 fishing vessels of varying sizes and tonnages. In addition to
the fishing fleet, the port receives regular visits from freighters and refrigerated cargo ships as well as
bulk commodities barges (sand and gravel haulers). USACE 2015 data for New Bedford reports 505
cargo and tanker vessel calls for the year 2015, which would equal 1.5 cargo vessels or tankers daily
(compare Figure 4.1.4-2 in Section 4.1.4 and Appendix B- Table B-3; USACE, 2015).43 The port is also
home to several ferry services, including a fast ferry service to the islands of Martha’s Vineyard and
Nantucket (seasonal). The busiest time of day for vessel traffic in New Bedford was described as
between 6 and 8 AM44.
The entrance to the Federal Navigational Channel into New Bedford has an operational width of 107 m
(350 ft) and extends for nearly 6.5 km (3.5 nm) from the entrance to the New Bedford harbor at the
hurricane barrier out into Buzzards Bay. The waters on either side of the channel become progressively
shallower on approach to the entrance of the harbor.45 Within this Entrance Channel, a broad-beamed
transfer barge and/or installation vessel could take up as much as one-third of the width of the channel,
with little room to maneuver. At the entrance to harbor, the USACE operates the gates and passage
through the hurricane barrier into New Bedford harbor. The hurricane barrier has an opening width of
45 m (150 ft), which is the controlling width for entering vessels. The USACE has a barrier operation plan
that guides its policies related to the hurricane barrier and coordinates vessel passage and traffic
management with the other marine stakeholders, including the USCG, the Northeast Marine Pilots
Association, the New Bedford and Fairhaven Harbormasters, and the NBHDC.
Change Analysis:
During the construction phase, construction vessel traffic may lead to an increased risk to navigational
safety in the approach channels leading to the construction ports. Up to 41 construction vessels would
be traveling in and out of the staging port while up to 3-4 vessels would travel to secondary ports daily.

43

It has to be noted that all of the vessels noted in the 2015 USACE report calling in New Bedford, are smaller than
7.6 m (25 ft) as can be seen in Figure 4.1.4-2 and Appendix B- Table B-3.
44
Based on personal communication with the Port Director of the New Bedford Harbor Development Commission
(“NBHDC”), 150-200 vessels are entering and exiting the port on a daily basis with a peak during the summer
months; same vessels would go out more than once per day. Personal communication with Ed Washburn, Port
Director NBHDC on 11/21/17.
45
Depths on either side of the channel are reported at 8.5-10.3 m (28-34 ft) at the Buzzards Bay end of the
channel, shallowing to 3.4-4.5 (11-15 ft) (in the Fort Phoenix Reach section of the channel) starting at
approximately 2.8 (1.5 nm) from the entrance to the harbor at the hurricane barrier (NOAA, 2017f).
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For the TSS approaches to and from ports in Rhode Island, Massachusetts, or Connecticut construction
vessels would cause a moderate increase in traffic compared to the current amounts of 25 vessels daily
(measured per AIS 2011 lease block area)46 . While ports in RI such as ProvPort or Davisville receive large
sized vessels on a regular basis, the Port of New Bedford is mainly frequented by smaller vessels with a
size of less than 65 feet and infrequently receives larger vessels (based on 2015 USACE data, see Figure
4.1.4-2). 2013 AIS Aliquot data reported a maximum of 1357 vessels per lease block (1200 x 1200 m) for
the New Bedford approach channel. On average this would account to 3.7 vessels daily (measured per
AIS lease block area). However, the Port of New Bedford is seeing a high seasonal fluctuation with a
majority of its operating vessels being fishing vessels. As shown in Section 4.1.7, commercial fishing
vessels peak during the summer months. Based on personal communication with the NBHDC the port is
seeing up to 150 – 200 vessels entering and exiting during multiple times (multiple counts) per day. 47 It
can be assumed that the Aliquot data underrepresents the situation at the active port. Construction
vessels would result in a significant increase in larger-sized vessel traffic (during the busiest period of the
construction phase) in New Bedford. The approach through the channel, the 45 m (150 ft) wide
hurricane barrier, and within the harbor itself would have to be coordinated closely. Currently, large
vessels (with a length of more than 20 m [65 ft]) are guided through the hurricane barrier through a
combined coordination between the NBHDC, the New Bedford Harbor Master, and the local police..48 As
noted, the Marine Coordinator will manage all construction vessel logistics and act as a liaison with the
USCG, port authorities, state and local law enforcement, marine patrol, and commercial operator(s)
during construction. As specified in the Draft Safety Management System (COP Volume I Appendix I-B),
the Marine Coordinator will keep track of all planned vessel deployment, and will assist with vessel
traffic coordination at the Port of New Bedford or secondary installation port as needed. Furthermore, a
vessel traffic management plan will be established to align scheduling of construction activities with port
operations.
Vineyard Wind will continue to engage with the local pilots to coordinate approaches to the ports so as
to minimize risk to navigation when entering the port area, as needed. Furthermore, Vineyard Wind’s
Marine Coordinator will ensure ongoing coordination between the USCG, vessels employed for
construction, and other relevant parties such as commercial operators (e.g. ferry, tourist, and
commercial fishing vessel operators).
NTMs will also inform stakeholders about safety zones and construction activities. Local port
communities and local media will be notified and kept informed as the construction progresses. The
Project’s website will be updated regularly and provide information on the construction area and
schedule to minimize risk of collision with the ferry and other vessels traversing the area and to
minimize delays.
46

AIS 2016 vessel data is displayed per 1200m x 1200m Aliquot block.
Personal communication with the New Bedford Harbor Development Commission on 11/21/17.
48
Personal communication with the New Bedford Harbor Development Commission on 11/21/17.
47
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5.3 Operation and Maintenance Phase
Vessels will not be excluded from the WDA during the O&M phase. During this phase, support vessels
will be operating between either Martha’s Vineyard or New Bedford and the WDA, with much less time
spent navigating on water compared to the C&I phase. Furthermore, only a few CTVs will be operating
throughout most of this phase. Larger vessels will be only required in the event of major maintenance
issues or larger equipment replacements, which will occur infrequently. These larger MPVs would likely
travel out of New Bedford or a port in Rhode Island. Vineyard Wind will coordinate with the USCG and
issue Notice to Mariners (“NTM”) before these vessels are deployed.
5.3.1 Potential Impacts of the Project on Visibility of Lighthouses and Buoy Aids to Navigation
Vessels navigating in the waters surrounding Martha’s Vineyard and Nantucket routinely navigate using
lighthouses and channel marker buoys. An assessment as to what impacts, if any, the Project would
have on the visibility of these ATONs was conducted. The tallest and most visible lighthouse from the
WDA is the Gay Head Lighthouse in Aquinnah on Martha’s Vineyard. This lighthouse is 51.8 m (170 ft)
tall and sits on a bluff overlooking the ocean (Gayheadlight, 2017) that is approximately 45 m (147 ft)
above sea level (USGS, 2017). This gives the lighthouse a light elevation above sea level of approximately
91 m (300 ft). In clear conditions, the light from the lighthouse is generally visible at a distance of 34 km
(18.5 nm) at sea level (see Section 2.2 for calculation). The WDA is approximately 39 km (21 nm) from
the Gay Head Lighthouse, and therefore the light from this lighthouse would not likely be visible from
the WDA at sea level in any condition. Because the visibility of light at sea also depends on the elevation
of the eye that is viewing the light, the effective range of a lighthouse depends, in part, on the elevation
of the viewing platform.
As found in the vessel survey, approximately 50% of the vessels navigating in the WDA range in height
from 16-25 ft (see Section 4.2). Therefore, the average vessel anticipated in the WDA once the Project is
built is expected to have a viewing height from the water of approximately 7.5 m (25 ft). Taking this
viewing height into consideration, a vessel of this type would be able to see the light from the Gay Head
Lighthouse at a distance of 48 km (24.7 nm). As such, this type of vessel would lose sight of the
lighthouse at approximately seven kilometers (3.7 nm) inside the WDA. The tallest vessel noted in the
AIS data from 2016 was the cargo vessel Phoenix Leader, with a bridge height of approximately 36.5 m
(120 ft) above the sea surface. Taking this elevated viewing point into consideration, the Gay Head
Lighthouse could theoretically be seen at a distance of 59 km (32 nm). For this vessel, an operator
would lose sight of the lighthouse approximately 20 km (11 nm) inside the WDA. In both examples, the
light from the lighthouse would be visible only in the northern portions of the WDA.
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While some WTGs would be located between the viewer and the lighthouse, the WTGs are relatively
narrow and would obscure the light from the lighthouse for no more than a few minutes while
traversing within the WDA. Overall, because the visibility of the lighthouse is generally limited to the
northern seven to 20 km (3.7-11 nm) of the WDA and the WTGs are not expected to appreciably obscure
lighthouse signals, it is anticipated that the Project will have only minor impacts on a mariner’s ability to
see and use the lighthouse signals.
Buoys and other sea-level ATONS are also present near the WDA. As described in Section 3.6, the closest
buoys to the WDA are a red and white bell buoy near the southern entrance to the Muskeget Channel
and one green can buoy, which leads to Nantucket Sound from the south. This ATON is approximately
8.5 km (4.6 nm) from the edge of the WDA and, because it is not lit, would only be visible during daylight
hours and from approximately six kilometers (3.3 nm) away at sea level. The buoy would not be visible
at sea level from the WDA. However, under clear conditions, the buoy may be visible to a mariner
viewing it from the bridge of a fishing vessel at a minimum of 7.5 m [25 ft] above sea level at a range of
approximately 16.7 km (9 nm). The buoy may be visible from the bridge of a large ship (e.g. the Phoenix
Leader) with a bridge height of 36.5 m [120 ft] above sea level at a range of approximately 30 km (16
nm). In both of these examples, the buoy would be visible to vessels transiting within the WDA. As with
lighthouse signal visibility, it is expected that a mariner’s view of the buoy would be obscured for a few
minutes when passing behind a WTG, but overall, the Project would not have an impact on a mariner’s
ability to see and use buoy ATONs.
5.3.2 Disruption of Normal Traffic Patterns
No significant disruption of normal traffic patterns is anticipated in the WDA. Due to the widely-spaced
WTGs, mariners will be able to navigate without much restriction in the WDA. As shown in Section 5.5.1
Vessel Movement, typical travel patterns follow an east-west, north-south and curving SW-NE and SENW trend (compare Figure 4.0.1). The symmetry of the proposed WTG design shows the rows of WTG
aligned with this directional pattern (compare Figure 5.5.1-1). Furthermore, the design proposes 1.7 km
(1 mile) wide corridors through the center of the WDA (compare Figure 5.5.1-1) which are thought to
assist with navigation through the WDA. As laid out in Section 5.5.1, restrictions to vessel navigation
might result in extended travel time through or around the WDA (compare Figure 5.5.1-2 and Table
5.5.1-3). Furthermore, as noted above, the WDA is not a heavily trafficked area, with as few as 0.5
vessels traversing the WDA per 100m x 100m (328 x 328 ft) block on an annual basis in 2013 (see Figure
4.3.1-1 and Table 4.3-2).49
The OECC is frequented by various vessels, including fishing vessels, pleasure craft, and ferry lines that
traverse to Nantucket Island. However, once offshore export cables have been buried, maintenance
activities and associated vessel traffic would be periodic. Under very rare circumstances, a cable repair
may be required if the Project experienced a cable failure.
49

Based on 2011 AIS Aliquot data (1200 x 1220 m [3937 x 3937 ft] blocks) a maximum of 18 vessels has been
reported in the most trafficked northern part.
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During the O&M phase, the number of vessels on-site will depend on several factors: the maintenance
schedule for the WTGs, the weather, availability of crew, and other Project-related activities that may be
occurring. Three main O&M activities will occur during the operational phase:
1) Regularly scheduled maintenance activities;
2) Inspections and troubleshooting; and
3) Repairs, emergency maintenance, or replacement of damaged or inefficient parts.
For regularly scheduled maintenance and inspections, it is anticipated that on average one CTV or
survey/inspection vessel would be at the WDA per day (see Table 5.2.1-1 and Table 4.3-2 of Volume 1 of
the COP). In addition to daily maintenance, more involved repairs may be necessary from time-to-time.
For these activities, additional vessels would be required on an as-needed basis. For repair or part
replacement activities, a maximum of three to four vessels per day would be expected at the WDA. The
risk from these O&M vessels is very low due to the relatively infrequent commercial and recreational
vessel traffic in the area.
After installation, both inter-array and export cables will require inspections. Cable inspection could
involve the use of survey vessels and other vessel-based systems for undersea inspection. Inter-array
and export cable route inspections (e.g., surveys using underwater imaging equipment) will occur on a
regularly scheduled maintenance timetable, but are expected to be infrequent (i.e., less than once per
year). The vessels involved in cable inspections are similar to other vessels (such as cargo vessels,
research vessels, and commercial fishing vessels) involved in normal activities in the region.
Traffic in and out the O&M port caused by daily CTVs will increase slightly over current baseline levels.
The Port of New Bedford (or another northeast port-of-origin of a subcontracted multi-purpose repair
vessel) will see a very slight increase in traffic (i.e., occasional vessel movement) when repair activities
are required. It is expected that this operation will have no impact on any local vessel movement
patterns due to the infrequency of the activity.
Impacted Activities / Traffic Patterns in and around the WDA
Fishing Activities
As noted above in Section 5.2.1, the area north of the WDA is a common fishing ground which attracts
commercial fishing vessels, a few of which currently fish within the WDA as well. Vineyard Wind has
engaged with local fishermen and the fishing community since 2011 and has incorporated input from
the fishing community into the Project design, including a wide center lane through the middle of the
WDA that can be used by commercial and recreational vessels to traverse through the Offshore Project
Area (Kendall, 2016).
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Recreational boating activities and Marine Events
As noted in Section 5.2.1 above, pleasure craft and sailboats use the WDA. Marine events, such as
regattas, may traverse parts of the WDA (see Section 4).50 Vineyard Wind will continue engaging with all
local stakeholders, including local marinas and event organizers, regarding the Project’s O&M activities
so that these stakeholders and event participants are aware of the Project, alternative race routes are
devised, or safe-passage strategies are implemented. During race events, safety measures may include
the placement of temporary PATONs as guidance to mariners to minimize risk of allision and ensure safe
routes, if advised by the USCG.
Ferry traffic to/from Martha’s Vineyard and Nantucket
Ferries traverse to the Islands of Martha’s Vineyard and Nantucket from bases on Cape Cod (Hyannis,
Falmouth, and Woods Hole) and in New Bedford (from New Bedford State Pier). Ferry traffic is active on
a seasonal basis.51 Up to five vessels daily traversed certain areas of the OECC in Nantucket Sound in
2011 (per 1200m x 1200 m [3937 ft x 3937 ft] AIS blocks). As noted in Section 5.2 above, Vineyard Wind
is dedicated to working with the local ferry operators and other stakeholders using the area to minimize
risk during the O&M phase of the Project.
Ferries running from New Bedford to Martha’s Vineyard may have a slight increase in the risk of collision
with repair vessels occasionally traversing out of New Bedford’s approach channel (see Section 4.1.3 and
Attachment Vessel Survey). Vineyard Wind will work with ferry operators and harbor pilots where
applicable to mitigate this risk and minimize schedule delays.

50

According to the archives no race was held in 2010 or 2016 (for which AIS data were reviewed). The last race
took place in 2017. Retrievable from https://www.marionbermuda.com/about-the-race/history
51
Two ferries run seasonally from New Bedford to Martha’s Vineyard (Seastreak, Cuttyhunk Ferry Co). One ferry
runs from Woods Hole to Vineyard Haven (Steamship).
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Vessel Traffic to Port Sites (New Bedford, Rhode Island, and Connecticut)
Vineyard Wind is in the early stages of evaluating possible locations for O&M Facilities; possible
locations include existing working harbors in Martha’s Vineyard or New Bedford. It is assumed that
construction vessels will likely use the New Bedford Marine Commerce Terminal. The number of repairrelated vessels travelling to the port sites will vary based on the performance of the wind components
associated with the Project. It is assumed that even in the worst-case scenario, repair vessel traffic will
be occasional and infrequent. Repair vessel traffic to New Bedford or a port on Martha’s Vineyard
would occasionally amount to one or two additional vessels over and above the current fairly significant
vessel traffic. Repair vessels would follow similar routes as regular commercial traffic to the Port of New
Bedford and to port sites in Rhode Island. It is assumed that repair vessels will avoid hazard and/or shoal
areas in transit (such as the shoals surrounding Noman’s Land Island).52 The occasional repair vessel
transiting to New Bedford would not represent a significant increase in traffic for the approaches to and
from either port facility.
To minimize risk to navigation when entering the port area, Vineyard Wind will continue ongoing
consultation with the local pilots and various port stakeholders to coordinate O&M vessel approaches to
the ports, where applicable. Furthermore, coordination with the USCG, which will happen both during
C&I and O&M phases, will be conducted to facilitate safe operations and minimize traffic disruption.
NTMs will also be generated for marine activities occurring within the Offshore Project Area, including
any large-scale O&M activities. The NTM will inform stakeholders, local port communities, and local
media about safety zones. A website with regularly updated information will provide information on the
O&M activities occurring in the area.
Impacted Activities / Traffic Patterns in and around the O&M Port Sites
The O&M Facilities for the Project will be located at a port on Martha’s Vineyard or New Bedford.53

52

A common route for shallow draft motor craft to and from New Bedford is to cut through between Martha’s
Vineyard and Noman’s Land. However due to the shallow shoals this approach is not advisable for deep-draft
vessels.
53
While AIS data is available for ports on Martha’s Vineyard, it is considered an inappropriate means of assessing
vessel traffic in and out of one of those ports because most traffic is related to recreational vessels or small fishing
and sailing charter vessels, which are typically not captured in the AIS database.
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Option A) Port on Martha’s Vineyard as the O&M Port
The Project is evaluating the potential of locating the Project’s O&M Facilities at a port on Martha’s
Vineyard as one of two potential options for managing the long-term O&M for the Project. The three
possible primary harbors that could be utilized include: Edgartown Harbor, Oak Bluffs Harbor, or
Vineyard Haven Harbor. All three locations see a mixture of commercial and recreational vessel traffic.
Vineyard Haven Harbor and Edgartown Harbor are larger than Oak Bluffs Harbor and could
accommodate O&M vessels and activities. An evaluation of Vineyard Haven Harbor is presented below
as an example.
Vineyard Haven Harbor (Example). Based on the number of vessels moored or berthed in Vineyard
Haven Harbor, an estimate of daily traffic volume can be made. This would assume that on a given day,
in the summer, as many as one-third of the vessels in the harbor may be active (worst-case scenario);
and in the winter, as few as one-tenth the number of vessels moored or berthed in the harbor may be
active and moving in and out of the harbor (least-case scenario).
An analysis of the presence of vessels in the harbor during a typical summer peak-season day in July
(from Google Earth Image – July 2008, see Figure 5.3.1-1) indicates that as many as 160 vessels are
moored or berthed within the harbor at permanent or transient mooring and berthing locations (close
to full capacity). Estimating the resulting traffic as potentially one-third of the vessels present, as many
as 48 vessels could be transiting in or out of the harbor on a peak summer day. Winter month aerial
images (Google Earth – March 2012, see Figure 5.3.1-2) indicate that approximately 38 vessels are
moored in the harbor on typical low-season winter days. Estimating the resulting traffic as potentially
one-tenth the number of vessels present, at most, 3-4 vessels may be transiting in or out of the harbor
on a low-season winter day.
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Figure 5.3.1-1: Aerial snapshot view of example summer day condition in Vineyard Haven Harbor, Martha’s
Vineyard, (Google Earth, July 2008).

Figure 5.3.1-2: Aerial snapshot view of example winter day condition in Vineyard Haven Harbor, Martha’s
Vineyard, (Google Earth, March 2012).

The types of vessels utilizing Vineyard Haven Harbor include:











Small to large recreational power boat and sail-boat vessels;
Commercial day excursion fishing charter vessels;
Replica antique sailing vessels (hourly excursion charters);
The Steamship Authority vessels, e.g. Martha’s Vineyard Ferry;
Fuel carrier vessels;
Aggregate barges;
Lumber and raw materials barges;
A few commercial fishing and lobster vessels;
A small number of marine construction vessels; and
Small seasonal cruise ships.

Of these vessels, summer traffic typically consists of recreational and fishing charter vessels and fewer
commercial vessels. In the winter, most of the recreational and charter vessels have been pulled from
the water for winter storage upland; most of the (lesser volume) traffic is related to fuel, bulk
commodities, and construction, with few commercial fishing vessels operating.
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Only a few (i.e., up to two or three during summer months) CTVs are expected to be making one daily
round-trip transit to the WDA during the O&M phase of the Project. As such, there would be little
impact on vessel traffic transiting into or out of Vineyard Haven or another harbor on Martha’s
Vineyard. During the summer months, the CTVs would add only a small fraction to the daily traffic in the
harbor. In the winter, as little as one CTV would be in operation, which would be one of only a few
vessels transiting the harbor. Thus, navigational risks would be extremely low.
Option B) New Bedford as O&M Port
If New Bedford was selected as the location for the O&M Facilities, O&M vessels would transit daily
from the port to the WDA. As noted in Section 5.2.1 above, New Bedford Harbor is an active Port with
reported vessel traffic of up to 1,357vessels annually per grid Aliquot according to 2011 AIS data, which
equals up to 3.7 vessels daily. 54According to the NBHDC, vessel traffic is even busier as multiple vessels
exit and enter the harbor at multiple times during the summer months. Traffic is generally heaviest in
the early morning when many of the commercial fishing fleet and other commercial vessels are active.
As with most of New England harbors, the New Bedford Harbor is most active during the peak summer
months (May through September) when recreational vessels are moored in the harbor and recreational
marinas are full. During the winter months, the main vessel traffic in and out of the harbor is
commercial vessels, most of which are related to the fishing industry. Winter vessel traffic is generally
less than 100 vessels per day.

54

59 vessels were reported at maximum per 2013 AIS grid cells (100 x 100 m).
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The commercial fishing fleet in New Bedford consists of vessels that generally range in size between 1560 m (50-200 ft). The O&M vessels expected to support the operational phase of the Project are
expected to be of similar size to the vessels currently using New Bedford Harbor. Because there are only
expected to be one to three O&M vessels servicing the Project once it is operational, it is expected that
this additional traffic due to the Project O&M vessel activity will have little to no impact on vessel
operations in New Bedford Harbor, regardless of the season.
5.4 Proposed Aids to Navigation
In compliance with USCG regulations and guidance, the Project has developed a lighting and marking
scheme for the up to 106 WTGs. Figure 5.4.2-2 shows the proposed lighting and marking scheme for the
turbine array (pending agency consultation and permitting). Turbine lighting and reflective markings are
shown on Figure 5.4.2-1. Markings and lighting will be inspected and maintained by the Project
maintenance crew as part of the Project’s preventative maintenance program. Sound signals on selected
turbines are proposed and described below. Final locations and quantity of sound signals will be
determined in consultation with USCG. Furthermore, AIS transponders will be available on all WTG’s or
as recommended in consultation with the USCG. AIS transponders stream the position and purpose of
an aid to navigation. Three types of AIS transponders exist: real (physical) AIS ATONs, synthetics AIS
ATONs (a physical ATON without AIS transmitter which has messages broadcast from another location),
and Virtual AIS ATONs, which do not present any physical structure but exist through AIS messages
displayed from another location (NOAA Office of Coast Survey, n.d). At this time, Vineyard Wind is
investigating the best type of AIS transponder for the Project.55
Upon start of construction, NTMs, local NTM’s and updated charts (paper and electronic) with the
location of the Project will be issued to stakeholders. Furthermore, local media and port communities
will be notified.
The following sections describe ATONs (including lightings and markings) which are different during the
construction/decommissioning and operations and maintenance phase.

55

One response received from the stakeholder outreach recommends AIS on individual WTGs (NOAA Research
Vessel RV Sharp Director John Swallow from University of Delaware, Swallow, 2017).
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5.4.1 Construction / Decommissioning Phase
Vineyard Wind is committed to working with the USCG to mitigate safety concerns during construction.
This may include a temporary safety zone around construction activities. This proposed zone would
move or grow with the construction work area, allowing fishermen and other mariners to make use of
the WDA areas not yet under construction. Working with the USCG, the safety zone may be marked
with temporary buoys placed at the zone’s four corners within a 500 m (1,640 ft) distance. A safety
vessel will be on-site to monitor vessel traffic approaching construction operations when feasible.
Adequate resources (e.g., safety vessels) will be in close proximity to respond to safety or environmental
concerns. The draft Oil Spill Response Plan (OSRP) and Safety Management System Plan provide further
details (see COP Appendices I-A and I-B). Furthermore, a coordination and communication plan with
USCG will be in place for SAR evacuations or crisis communication.
PATONs will be installed as part of the Project construction sequence to ensure WTGs in the WDA are
clearly marked for mariners. As the components for the WTGs are being installed, temporary PATONs
will be added to vertical foundation/transition piece structures and WTGs as required. Permanent
PATONs will be installed on the fully constructed WTGs in accordance with International Association of
Lighthouse Authorities (“IALA”) Guidance for the marking of man-made offshore structures (IALA
Recommendation O-139, edition 2, 2013), and USCG approval.
As soon as structures (foundations, transmission pieces, and towers) are installed, they become a
possible risk to navigation. As shown in Section 7, false radar signals can increase during the late part of
the installation phase. The Project will apply reflective markings and lighting, on or near the visible
foundations and sections once those are installed. Furthermore, WTGs will be equipped with AIS
transponders as soon as technically feasible, which will provide information on their exact locations. The
AIS broadcast streams the position and purpose of an aid to navigation even before it is visible from a
ship. This shall help mariners confirm their vessels position in relation to the WTGs even during limited
visibility (e.g. during fog conditions or at night).
All construction vessels will be marked, lighted, and use sound signals in accordance with the Rules to
Navigation, as applicable for their activity and location.
Temporary safety zones will be installed around cable-laying operations during export cable installation.
In order to reduce risk of collision with ferries and other vessels in the vicinity of the cable laying
operations, regular communication protocols will be established and implemented. Coordination with
the USCG, ferry operators, and other maritime stakeholders where applicable, will reduce the risk of
collision with cable-laying vessels.
5.4.2 Operation Phase
As noted in Section 5.4, all turbines will be marked and lighted. Sound signals and AIS transponders are
proposed and further described herein. Lighting schemes will follow IALA recommendations on the
Marking of Man-Made Offshore Structures (Circular O-139). The Project qualifies under the category of
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the “Marking of Group Structures (Offshore Wind Farms)”.56 Lights will consist of two yellow flashing
lights, which are expected to be placed on the top of the work platform of each turbine at a height of
20-23 m (65-75 ft) above MLLW (pending final design of WTG). On the peripheral WTGs, yellow lights
will be visible between 3.7 km (2 nm) and 9.3 km (5 nm) in accordance with the IALA guidance (similar to
the Intermediate Peripheral Structures described below). On the internal WTGs, lights will be visible at
1.9 km (1 nm) consistent with the other offshore wind farm in the area (see Appendix C Lighting
Scheme) (ESS, 2006).
IALA guidance recommends that two levels of lighting be applied to a wind farm:




Significant Peripheral Structure (“SPS”), which represents the “corners or other significant point
on the periphery of the Offshore Wind Farm” (such as a corner WTG in the Project grid).
Lighting for these SPS structures is intended to be prominent and facing in all directions in the
horizontal plane, so that the Project is easily visible by vessels approaching the WDA from all
directions. SPS structure lighting will display “Special Mark” characteristics - they will be
synchronized flashing yellow lights with a nominal visible range of 9.3 km (5 nm).
Intermediate Peripheral Structures (“IPS”), which represent structures on the “periphery of an
Offshore Wind Farm” (i.e. WTGs that are on the outer rows of the Project grid that are inbetween the SPS structures). Lighting for the IPS structures is intended to support the lighting
scheme of the SPS structures, but not distract from the SPS lighting. IPS structures will be
marked with flashing yellow lights that are visible to a mariner from all directions in the
horizontal plane with a flash character distinctly different from the SPS structure lights. The IPS
lighting should be visible from a distance of 3.7 km (2 nm).

Spacing between the lighted structures will generally follow IALA guidance, and comply with USCG
recommendations. Appendix C shows graphically the proposed lighting layout scheme for the Project
and depicts the proposed positions of the SPS lights and the peripheral or IPS lights.
The “Special Mark” flashing sequence suggested for the Project involves a scheme whereby
synchronized (all lights flash at the same time) SPS lights flash in an on-off sequence and the IPS lights
flash in a synchronized pattern during the pause in SPS lighting flashes. The flashing sequences are
suggested from examples provided in List of Lights (2017). The patterns recommended include:
●

For the “Special Mark” lighting on the SPS structures, a flashing sequence that follows a
repeating pattern that includes two quick flashes and a pause followed by a flash-pause, flashpause, flash-pause pattern. Then repeat. Pauses are suggested at a three second duration.
Flashes should be synchronized across the SPS structures lit.

56

The marking of the wind farm is considered a Group of Structures (as opposed to a number of single
structures).
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●

For the peripheral lights, similar to IPS structures, a flashing sequence that includes a flashpause, flash-pause, flash-pause sequence, whereby the flashes occur during the pauses in the
SPS lighting. The sequence should be repeated continuously. Pauses should be approximately
three seconds in duration. Flashes should be synchronized across the IPS structures lit.

Furthermore, it is proposed that every other SPS or peripheral structure will be equipped with fog horns
with a 3.7 km (2 nm) intensity (see Appendix C).
The Project will work with the USCG PATON group to determine if the IALA lighting guidance utilizing
various SPS light intensity schemes is sufficient for the marking of the corners of the WDA. If it is
determined that additional markings are required, the Project will incorporate recommendations from
the USCG that could include floating buoys at the four corners of the WDA.
In consultation with the USCG, the Project is prepared to include two widened lineal “corridors” through
the middle of the WDA whereby WTG structures are separated by a distance of 1,850 m (6,070 ft).
These corridors are intended to provide an option for vessels traversing the WDA along its SE-NW axis
and NE-SW axis. The turbines within the corridor will be equipped with lights with a visibility of 3.7 km (2
nm) or as determined by the USCG (see Appendix C).
The Project includes two57 substation platforms that will be erected on the edge of the WDA. Following
the guidance in the IALA suggested practice manual (IALA, 2013), an “individual structures” lighting
scheme is proposed for the two substations. Lighting for the substations is expected to include yellow or
white lights at the corners of the substation structure at a similar elevation as the lights placed around
the WTGs. The proposed lights will flash in a repeating flash-pause of five second intervals. Lights will be
visible from 3.7 km (2 nm) away and will be visible from all directions. Installed lighting intensity and
flash sequence will be determined in consultation with the USCG. Lights will also likely be placed on the
highest point on the substation and the helideck (if required by the Federal Aviation Agency [“FAA”]).

57

Alternatively, four lightweight substations may be placed.
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In addition to the lighting scheme proposed above, high-visibility paint and reflecting panels will be
included in the design of each WTG. AIS transponders will be installed on all WTGs (or as recommended
in consultation with the USCG) and ESPs to promote safe navigation during fog and adverse weather
conditions. Daytime marking schemes will follow IALA guidance, which involves marking each structure
in the Offshore Project Area with high visibility yellow paint. Alphanumeric identification panels or
directly applied black lettering on a white or yellow background of the tower will identify each WTG.
Each turbine and ESP’s alphanumeric designation will also be clearly identified on NOAA charts. The
reflecting panels will be easily visible in the daylight and will be made of material that can be seen at
night. The high visibility yellow paint shall begin at the waterline (at all tidal conditions) and cover the
WTG foundation to a height of at least 15 m (50 ft) above the water line. Figure 5.4.2-1 shows the high
visibility yellow coating scheme for individual WTGs. The color marking of the WTG units applies to both
the monopile structures as well as the jacket structures.

CLARENDON HILL CONSULTING, LLC

97

CLARENDON HILL CONSULTING, LLC

98

In order to increase visibility of the WTGs (e.g. during fog or other inclement weather conditions), each
of the WTGs may include AIS transponders.
FAA Aviation lighting on the WTGs
Each of the WTGs will display a nighttime wind turbine obstruction lighting system in compliance with
FAA’s and/or BOEM requirements. The obstruction lighting system is expected to consist of two
synchronized FAA “L-864” aviation red flashing, strobe, or pulsed obstruction lights placed on the
nacelle of each WTG.
Furthermore, safety measures will be in place during cold weather conditions to prevent ancillary
damage to vessels from ice fragments from the WTGs. As noted in Section 3.4, WTGs will be equipped
with a control system capable of detecting ice formation on the blades. In the event ice formation is
detected on the blades, the WTGs will automatically be shut-down. Furthermore, Vineyard Wind will
maintain a website with regular updates including weather information. During weather conditions
conducive to ice build-up, this information will be displayed on the website and NTMs will be issued
reminding mariners of the possibility of ice falling in the vicinity of turbines. However, it is anticipated
that either the WTGs’ technical features would prevent the formation of ice on blades or the WTGs
would shut down in the event of ice build-up.58
5.5 Risk of Collision, Allision or Grounding
This section reviews literature pertaining to collision risk and applies the information to the Project site
and Project specifics. Section 3 and 4 discuss the baseline conditions of the Project site. Section 3
describes the Project environment (e.g. water depths, weather factors etc.) and waterway
characteristics (such as existing ATONs), whereas Section 4 shows the maritime traffic in the Project
Area (including traffic broken down by vessel type and vessel specifics). The risk assessment
methodology then overlays the wind farm on top of these base conditions and analyzes the associated
risk to the maritime traffic. The assessment is differentiated into risks during construction and operation
and maintenance phases of the Project. Visual overlays with baseline data allow for a qualitative
assessment of the risk of collision, allusion, or grounding. In order to describe the risk most accurately,
project specifics such as proposed foundation types and their specifications along with the maritime
users’ traffic patterns such as specific transit routes or average vessel speed found at the Project Site are
described (see Section 5.5.1). The risk from vessel anchoring is discussed in Section 5.5.2.

58

At this point it is not foreseen to establish safety distances around WTGs as precautionary measures during
winter conditions favorable to ice build-up. Moreover, technical de-icing features and turbine shut-down
mechanisms will be established to prevent adverse impacts of potential ice fragment fall to mariners and vessels.
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The Project’s placement does create a risk of allision by a vessel with one of the WTGs. The site is not
proximate to major traffic lanes and shows low traffic rates of commercial traffic (see Figure 4.3.1-1 and
4.3.1-2). However, based on the findings from both AIS and VMS data review (as shown in Section
4.1.7), the area to the north of the WDA is a common fishing ground, which might result in potential
gear conflict or conflicting fishing activities (e.g. on the northern WDA boundary areas). It has been
shown that 68 commercial fishing vessels used the WDA in 2016 (based on 2016 AIS data). As shown in
Table 4.0-1, of 68 commercial fishing vessels, eight vessels operated at a speed of less than 1.5 m/s (3
knots) in the WDA versus 60 vessels that operated above that speed. This indicates that the majority of
these commercial fishing vessels were likely transiting rather than dredging or trawling in the area. In
order to minimize potential conflict with fishing activities, Vineyard Wind has been engaging with
fishermen and other stakeholders since 2011. A fishery representative has been in place to act as a
liaison between Vineyard Wind and the local fishing community. From various meetings and
conversations, important feedback has been gathered on fishing behavior and specific (seasonal) fishing
locations. This has been incorporated into the turbine layout design (which features wide-inter WTGspacing and a 1.7 km (1 mile) wide transit corridor to facilitate navigation), the configuration of
submarine cabling, and foundation locations relative to known adjacent fishing locations (see COP
Appendix III-E, Fishery Communication Plan). Furthermore, the prevalent NW - SE travel pattern of the
maritime users is acknowledged in the symmetry of the Project design (compare Section 5.2).
While the transit corridors through the WDA are up to eight times wider than the widest channels
typically traversed by these vessels (see Section 5.5.1.), the WTGs still present a potential obstruction to
navigation. Several ATONs will be implemented to minimize the risk of collision and allision. As laid out
in Section 5.4, ATONs will include lighting and unique, reflective markings on each WTG along with
sound signals on selected peripheral WTGs (see Figure 5.4.2-1). AIS transponders will be located either
on all WTGs or as recommended in consultation with the USCG. NOAA charts will be updated to include
WTG locations. Starting with the construction phase, ongoing project information will be shared with
stakeholders and ports through NTMs and broadcasting of project information .
Vineyard Wind will continue to work with the fishing community through their Fisheries Representative
and other mariners during the Project construction and operation phases to keep the risk of collision
low (see Sections 2.2 and 5). Furthermore, Vineyard Wind will build on their existing stakeholder
outreach (see Appendix B Table B-1B) and will continue their efforts in working with marine participants.
Literature Review to Address the Risk of Allision with WTGs.
Several studies regarding allision with WTGs were reviewed, including studies by Germanischer Lloyd
(“GL”) and Hamburg University of Technology (“TUHH”) (2010), the Ship Impact Analysis for Cape Wind’s
Wind Farm in the Nantucket Sound by Kothnur, Anderson, & Ali (2006), the Ship Collision on Offshore
Wind Turbines by Bela, Pire, Buldgen, & Rigo, (2016), and a study on Damage Analysis of ship collisions
with offshore wind turbine foundations by Doulas, Shafiee & Mehmanparast (2016).
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The GL and TUHH study simulated the impact from a vessel alliding with a wind turbine. This scenario
utilized the vessels’ deadweight and traversing speed along with different wind turbine foundations as
main criteria. The GL and TUHH simulations involved two vessels relevant to those that may traverse the
WDA59 in a worst-case scenario: a double-hull tanker (31,600 DWT) and a container ship (2,300 TEU,
approximately 50,000 DWT).
While the WDA and area surrounding it are mostly used or traversed by fishing vessels, pleasure craft, or
sailing boats, a review of the 2016 AIS data shows that cargo vessels have traversed the WDA on
occasion (see Table 4.3-4 and Section 4.3). Based on stakeholder feedback, cargo vessels or tug boats
typically would not traverse the WDA or would avoid the area once an operating wind farm had been
constructed. (The Northeast Marine Pilots Association confirmed that cargo vessels would be mostly
confined to the approach channels [Bogus, S., 2017], while cargo operators indicated that cargo vessels
would go around the WDA once operating [see Appendix B1-B]). Therefore, the presence of a cargo
vessel or a double-hull tanker is unlikely, worst-case scenario (e.g. in the rare event a vessel loses
orientation in the fog and/or departs from the main route to the TSS approach while traveling to a port
in Massachusetts, Rhode Island or Connecticut). As can be seen on Figure 3.5, the TSS approach lanes to
Narragansett Bay and Long Island Sound are located approximately 57 km (31 nm) from the
westernmost corner of the WDA. The Ambrose to Nantucket Lane south of the WDA is located
approximately 39 km (21 nm) from its southernmost corner.
The vessels found in the WDA have the following characteristics (see Table 4.1-1 and Table 5.5-1 below):
Table 5.5-1: Characteristics of typical vessels in the WDA.
Vessel type

Weight (DWT)

Fishing vessel

175 - 453 metric tons; average of 300 DWT

Sail boat

20 - 30 metric tons

Cargo Vessel

20,146 DWT (Phoenix Leader)

Relating to the construction design, the Project will deploy monopiles or jacket foundations (for up to
half of the WTGs) (see Section 2.2).
The GE and TUHH simulation took into account four foundation types, of which both the monopile
structure and the jacket structure were found to be most collision friendly for the identified vessel sizes.
In the case of a vessel drifting at a speed of up to two m/s (4 knots) and alliding with a monopile
59

The GE - TUHH analysis involved the following four vessel types: a double-hull tanker (31,600 DWT), a single-hull
tanker (150,000 DWT), a container ship (2,300 TEU, approximately 50,000 DWT) and a bulk carrier (170,000 DWT).
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foundation, much of the impact energy would be transformed into deformation at the monopile, while
the ship hull would not be ruptured (Biehl & Dahlhoff, 2010). In the case of an allision with a jacket
foundation, it was determined that the force of allision may result in large deformations of the jacket
structure. While damage areas of the ship hull would be confined to the contact area, the simulation
showed that it may be possible for the wind turbine to fall towards the ship as “the damaged jacket
structure acts like a plastic hinge” (Biehl & Dahlhoff, 2010).
It has to be noted that the GE and TUHH simulation represent a very unlikely, worst case-scenarios
because vessels typically found in the WDA are smaller and would result in much smaller impacts (see
Section 4). The largest vessel noted to traverse the WDA is the Phoenix Leader, which weighs 2.5 times
less than the cargo vessel used in the impact analysis. Therefore, in the unlikely event of an allision of
the Phoenix Leader with a WTG, the resulting impact would be much smaller.60
The Ship Collision Impact Assessment prepared by GE for Cape Wind’s Nantucket Sound project (Kothnur
et al., 2006) notes the greatest risk for vessel impact with WTGs is during the construction phase. GE
analyzed the impact to WTGs from four vessel types including passenger ferries, barges, fishing boats
and sail boats common to the Nantucket Sound. Table 5.5-2 below references the vessels used in the
study which are similar to the ones found typically in the WDA.
Table 5.5-2: Vessel Impact Analysis Vessel Types and Results.

Vessel Type

DWT
(metric tons)

Impact Scenario

Impact Load
(MN, Max)

Utilization Factor
(UF)

Fishing Boat

300

Head-on @12 knots

17.5

0.82

Fishing Boat

300

Broad-side @ 3 knots (Drifting)

7.5

0.36

Sailboat

20

Head-on @15 knots

8.2

0.39

Sailboat

20

Broad-side @ 3 knots (Drifting)

3

0.16

The ship collision analysis reviewed two scenarios: broadside61 and bow/stern side (head-on). The effect
of an accidental ship impact was evaluated by taking into account the relationship between kinetic
energy of the impact and impact load and between the utilization factor (“UF”) at critical cross-section62
and impact load. A utilization factor of one would result in a collapse of the monopile. Four scenarios
(head-on and drifting fishing vessels or sailboats) are relevant for the WDA and are depicted in Table
60

The vessels used in the Ship Collision study have a larger tonnage than the vessels found to traverse occasionally
(worst-case scenario). The Phoenix Leader weighs one-third less than the lightest vessel (double-hull tanker of
30,000 DWT) and about 2.5 times less than the cargo vessel used in the GE and TUHH simulation.
61
An additional added mass factor of 1.4 is added for the broadside impact scenario in the model.
62
The critical cross-section or overturning moment would result in the collapse of the turbine.
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5.5-2. The worst-case of these four impact scenarios is the collision of a 300 metric ton fishing boat at a
speed of 6.2 m/s (12 knots) with the monopile. This resulted in a utilization factor of 0.82 and would not
cause the monopile to collapse.
The GE ship collision analysis used monopiles of 5.5 m (18 ft) diameter and 55 m (180 ft) thickness
(representative for a turbine located in 17 m [56 ft] of water) and simulated impact loads between 12
MN and 20 MN (where “MN” is collision load). The study assumes that the entire energy of the impact
would be transferred to the monopile, which is a conservative assumption as the impacting vessel would
absorb parts of the impact energy as well. As such, it can be expected that the impact to the monopile
would be less. However, it has to be noted that the monopiles in the WDA would be placed in deeper
water depths of up to approximately 50 m (164 ft). A collision with a monopile in larger water depths
“could have a larger impact due to the larger overturning moments on the mudline” (Kothnur, 2006).
The monopiles chosen for the Project will have different design parameters, such as thicker walls with
larger diameters than the ones used for the collision simulation in Nantucket Sound. As such, the
monopiles will be built to withstand larger overturning moments.
While the study results draw on specific criteria based on the Nantucket Sound environment, which
cannot be simply transferred to the Offshore Project Area (e.g. specific assumptions for soil structure,
yield strength of the monopile [345 megapascals (“MPA”) per Cape Wind’s conceptual design basis],
WTG-pile-soil interaction criteria, and shallower water depths) the underlying analysis and results seem
comparable. The Project introduces the risk of allision with a WTG, similar to any structure in
waterways. However, the impact to a WTG from an fishing vessel or sailboat alliding with a WTG would
be minor. A collapse of the foundation would be highly unlikely.
A study from Bela et al. (2016) reviewed behavioral factors of the ship and foundation types in addition
to wind loads in a simulated collision case. The study divides collision events into three categories,
depending on the conditions that led to the collision and its outcomes:




Operational (i.e., impact during loading and unloading),
Accidental (drifting vessel impact at a speed of 2 m/s [3.9 knots]),
Catastrophic (major impacts from a commercial or passenger ship alliding with a WTG).
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The study, based on numerical modeling, stresses the difference in foundation material behavior. It
shows that for monopile foundations, the most influential parameters on the WTGs structural behavior
are “impact velocity, wind loads and the soil stiffness” (Bela et al., 2016, p.193).63 Simulations on jacket
foundations demonstrated, however, that the impact point and the shape of the colliding ship were the
most relevant determining factors. For jacket foundations, gravity, inertia, and soil stiffness did not
result in significant changes in terms of crushing force and energy (Bela et al., 2016). The study
references mitigation measures in the form of crashworthy shields or adaptive inflatable structures
around the major allision impact points.
A study from Doulas, Shafiee, & Mehmanparast (2017) analyzed various collision scenarios and damage
to jacket and monopile foundations. Their approach followed a numerical nonlinear finite element
analysis64 and resulted in the identification of location and extent of damage points in each scenario.
The case study used a 4,000- metric ton class vessel for its collision simulation, with two different
foundation types, alternatively in shallow or deep waters. Various accident scenarios were retrieved
showing the number, location, and extent of damage. A major finding of this study shows that a colliding
vessel hitting a jacket node has the most damaging impact (up to complete destruction of the
foundation) whereas impacts to a tubular jacket element are shown to be less damaging. The study
gives an outlook on the design of a “collision-friendly” next generation of wind turbines with reinforced
elements.
In addition to reviewing literature allision simulations, a visual overlay of the WTGs over the baseline
data was performed and specific vessel types identified in the WDA (see Section 4) were compared
against the WTG to demonstrate the possible risk of allision.
Visual Overlay with Baseline Data to Assess Risk of Allision
The data overlay shows that the WDA increases the risk of allision with WTG blades for certain vessel
types. Typical vessels found in the WDA represent the baseline data. As shown in Section 4.2, fishing
vessels and sailboats constitute the majority of vessels present in the WDA.65 Fishing vessels typically
have a length of 32 m (105 ft) and beam of 10 m (33 ft). It is assumed that the average sailboat has a
length of 9 m (30 ft), a beam of three meters (10 ft), and a mast height of 15 m (50 ft) (see Figure 5.5-1).
Occasionally, taller sailboats with a mast height of up to 46 m (150 ft) have been reported in the WDA
(see Section 4.2). As noted in Section 2, the tip clearance of the wind blade is 26-30 m (85 - 98 ft) at
MHHW.

63

The direction of the wind load in combination with the direction of the impact would influence both the local
collision impact and a possible displacement of the WTG at the top. The higher the stiffness of the soil the higher
would be the collision impact.
64
Finite element analysis is a computer simulation technique used in engineering analysis. Thereby a Finite
element method (“FEM”) is used to solve partial differential equations. Structural mechanics applies the energy
principle to FEM allowing to visualize deformations through a collision.
65
In addition to vessels identified through their AIS type, a few unclassified sailing vessels were noted.
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Visual overlays show the comparison of the WTG with typical vessels in the WDA (see Figure 5.5-1) and
with one of the largest vessels found in the WDA (see Figure 5.5-2). As can be seen, the typical vessels in
the WDA are not at risk of accidentally alliding with the blades of a WTG due to their size (see Figure 5.51). Cargo vessels, which were found to traverse the area infrequently in 2016, might be at risk of alliding
with the blades depending on their size and load if they exceed a height of 25 m (82 ft) (see Figure 5.52). As noted elsewhere, typically, cargo vessels would be confined to the approach channels and are
unlikely to traverse the WDA.
However, the mast height of the tallest sailing yacht identified in the WDA, the Comanche exceeds the
anticipated blade tip clearance and would pose a potential risk of allision with the WTG. Other sailboats
were reportedly smaller; therefore, a tall-masted sailing vessel as big as Comanche represents the
worst-case scenario.

Figure 5.5-1: Height Comparison of WTG and Fishing and Sailing Vessel.
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Figure 5.5-2: Height Comparison of WTG and Cargo Vessel.

The WDA does increase the risk of collision between vessels transiting the area slightly. While
navigability within the WDA is not restricted ( e.g. through a channel restriction) and the WDA is not
heavily trafficked, the area to the north is a common fishing ground. As described in Sections 4.1 and
4.2, fishing vessels and sailboats use and traverse the area, and fishermen make use of gillnetting in the
area. The use of these large nets requires them to follow expanded routes, which could possibly hinder
their ability to maneuver quickly when confronted with either a WTG or another vessel in their path that
changed course due to a WTG. Therefore, vessels using the WDA for fishing or gillnetting may
experience a potential gear conflict. However, based on AIS 2016 data, it was found that only about 9%
of vessel were likely fishing while utilizing the WDA66. Based on feedback gained from the fishing
community, Vineyard Wind has included a wide inter-WTG spacing and two 1.7 km (1 mi) wide corridors
66

Based on six out of 68 commercial fishing vessels operating at a speed of less than 1.5 m/s (3 knots) which is a
typical speed to perform fishing activities; all other vessels traversed at higher speeds. Compare Table 4.0-1.
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in their WTG layout and design. The WTG layout accounts for the feedback provided by the fishermen
who set their gillnetting equipment primarily in in an east to west pattern in the southeast point of the
WDA [40°55'04.9"N 70°29'45.0"W) (Vineyard Wind. 2017. Fishermen Outreach Plan). The corridors
follow prevalent travel pattern in NW-SE and NE-SW directions (compare Section 5.5.1) to allow vessels
to pass safely through the WDA. Section 5.5.1 further discusses possible vessel maneuverability
limitations from the Project.
In case of restricted visibility (e.g., during a fog event), vessels are at a slightly increased risk of colliding
with other vessels in the WDA. To address these issues, Vineyard Wind will apply AIS transponders on all
WTGs or as recommended in consultation with the USCG along with reflective markings on the WTGs to
warn mariners during times of restricted visibility. Furthermore, sound signals will be installed on
selected WTGs to guide mariners.
Groundings by construction, maintenance, or transiting vessels is unlikely due to relatively deep water
depth of 37-60 m (121-197 ft). Additionally, water depth in the vicinity of the WDA remains deep within
and around the Offshore Project Area. The nearest shallow water to the east of the WDA limits are the
Nantucket Shoals, located approximately 28 km (15 nm) east-northeast of the Offshore Project Area
(NOAA Chart 13237). The nearest shoals to the west of the WDA are located approximately 28 km (15
nm) away surrounding Noman’s Land Island off the southwestern tip of Martha’s Vineyard (in the
vicinity of Gay Head) (NOAA Charts 13233 and 13218). To the north of the WDA, water depths remain
above 18 m (60 ft) for a distance of approximately 22 km (12 nm) from the northern edge of the WDA to
within 3.7 km (2 nm) of the southern shore of the Island of Nantucket). Water depths of the southern
and SE portions of the WDA increase from 49-60 m (160-197 ft) to the edge of the Vineyard Wind Lease
Area and to the edge of the continental shelf beyond, where the water depth increases sharply to the
open ocean. With a buffer of more than 22 km (12 nm) of deep water surrounding the WDA, there
exists no appreciable increased risk of grounding.
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5.5.1 Vessel Movement
The construction of the Project in the WDA is expected to have minimal impact on vessel
movement in the area, as the Offshore Project Area experiences relatively low vessel traffic. The
Project site is not located on defined navigational pathways that would encourage vessels to pass
through the WDA, and the majority of the marine use of the WDA area is by fishing vessels,
recreational watercraft, and cargo vessels (see Section 4). Table 4.0-1 describes the dimensions of
the vessels found in the WDA. Table 5.5.1-1 depicts the vessel count for 2016 in the WDA and for a
16 km (10 mi) radius around the WDA. 67
The vessel traffic patterns observed in the 2016 AIS data indicate three general trends in vessel
direction: an east-west trend, a north-south trend, and curving SW-NE and SE-NW trend (see Figure
4.0.1). The east-west and north-south straight-line trends (tracklines) in the AIS data mainly represent
fishing vessels, recreational vessels, and cargo vessels traversing the area on their way to, or returning
from, fishing grounds (in the case of fishing vessels), and transiting between ports (in the case of the
recreational and cargo vessels). The SW-NE/SE-NW curvilinear trends (which represent a lower vessel
count - i.e., lower density of vessel traffic) tend to represent fishing vessels fishing (either dragging or
trawling) across the area. As already stated in Section 5.5 however, only 9% of commercial fishing
vessels present in the WDA in 2016 are assumed to be engaged in fishing activities within the WDA
(based on AIS 2016 data, see Table 4.0-1).68 These noted trends indicate that a larger number of vessels
are traversing through the WDA area on their way to intended destinations elsewhere, than are actually
fishing within the WDA. As the WTG spacing within the WDA is sufficient to allow the passage of vessels
between the WTGs, and the directional trends of the vessel data are roughly in-line with the direction of
the rows of WTGs as currently designed, the Project is expected to allow for a passage of transiting
vessels without appreciable hindrance. As such, it is anticipated that the Project will not have an
appreciable impact to vessel traffic in the WDA area and surrounding waters. The Project, however,
does not necessarily facilitate large size vessel traffic through the corridor. Based on received
stakeholder responses, it is assumed that larger vessels such as cargo, tug, or cruise vessels will go
around the WDA (see Appendix B-1B).
A review of the planned width of the passages between WTGs was conducted and compared to the
widths of active marine navigation channels in the region through which vessels currently traverse to
assess the impacts to navigation of the Project. The WTGs will be erected in a grid pattern with roughly
SE-NW and SW-NE trending rows (Epsilon Associates, Inc., 2017a). The WDA grid consists of 14 lineal
67

AIS data indicates 1,860 vessel transmissions in 2016. Of the vessels found to be present in the WDA, the vast
majority (1,228 AIS transmissions) were fishing vessels, with recreational vessels (sail and power) being detected at
a lower rate (147 AIS transmissions). Few cargo vessels used the WDA area (65 AIS transmissions), and only one
tanker/tug vessel (7 AIS transmissions) was found to be present.
68
Based on six out of 68 commercial fishing vessels operating at a speed of less than 1.5 m/s (3 knots) which is a
typical speed to perform fishing activities; all other vessels traversed at higher speeds. Compare Table 4.0-1.
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rows of WTGs with a SE-NW trend, and 10 lineal rows of WTGs with a SW-NE trend. The inter-WTG
spacing for the Project ranges between 1.4 - 1.8 km (0.76 - 1 nm). In addition, Vineyard Wind has
designed into the Project a NW-SE trending 1.8 km (1 nm) -wide central corridor (see Figure 5.5.1-1) to
allow vessel to transit through the Offshore Project Area with greater ease.

Figure 5.5.1-1: Graphic showing vessel corridors through the Project Area (figure sourced from Epsilon, 2017).
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Comparing the width of the transport corridor through the WDA to the width of other channels which
vessels currently active in the region transit on a regular basis (see Table 5.5.1-1 below), shows that the
transit corridors through the Offshore Project Area are between eight times wider than the widest
channels vessels are typically transiting, and 25 times wider than the narrowest channels commonly
used.
Table 5.5.1-1: Comparison Table of common channel widths in the MA WEA region as compared to the width of
the transit corridors through the WDA.

Federal Channel

Clear Width
(on Chart)

WDA Transit
Corridor Widths

Transit Corridor Comparison
Width

Hyannis Harbor

73-98 m
(240-320 ft)

1.8 km (1 nm)

Transit Corridor is 19 - 25
times wider than channel.

Nantucket Harbor

91 m (300 ft)

1.8 km (1 nm)

Transit Corridor is 20 times
wider than channel.

New Bedford Entrance
Channel

107 m (350 ft)

1.8 km (1 nm)

Transit Corridor is >17 times
wider than channel.

Cape Cod Canal

146 m (480 ft)

1.8 km (1 nm)

Transit Corridor is >12 times
wider than channel.

Providence River Channel
(into ProvPort)

183 m (600 ft)

1.8 km (1 nm)

Transit Corridor is 10 times
wider than channel.

Cleveland Ledge Channel

213 m (700 ft)

1.8 km (1 nm)

Transit Corridor is >8 times
wider than channel.

The transit corridors through the Offshore Project Area are significantly wider than most of the other
channels that vessels must transit on a daily basis. As such, it is anticipated that transit through the
Offshore Project Area will be a reasonable navigation activity for the active vessels in the area such as
fishing or sailing vessels.
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Bathymetry (water depth) is another consideration when assessing vessel movement and navigational
risk. Shallow shoals and obstruction hazards in an area can complicate navigational pathways when a
new feature is introduced into a waterway. Vessels attempting to navigate around a new structure may
inadvertently trend into shallow water. It is expected that the risk of vessels grounding because of the
placement of the WDA is not a factor for this Project. The WDA exists in water that is significantly
deeper than needed for safe navigation for any vessels having used the waterway historically or are
anticipated in the future. As described in Section 4, the majority of the vessels in the WDA are fishing or
sailing vessels, which on average draw (have hull depths-in-water) between three to 10 m (9.8-33 ft). As
noted above in Sections 2.1.2 and 5.4, water depths in the WDA range between 37-49.5 m (121-162 ft),
which is more than sufficient for safe navigation of any of the vessels currently using or anticipated in
the Offshore Project Area.
Because the WDA is in a large open area of deep water and is outside main shipping lanes, there is also
no appreciable increased risk of the Project causing unexpected vessel movement and increasing the
risk of collision as described in Section 5.5. According to the AIS 2016 data reviewed, the density of
commercial fishing vessel traffic was greatest to the north of the WDA, with over 77% of AIS commercial
fishing transmissions occurring during the summer months of May and June. A visual review of the AIS
vessel density indicates that vessels traversing through the WDA from NW to SE would be at very low
risk for allision given the current corridor spacing of 1.7 km (1 mi) between WTGs. The corridor should
provide sufficient clearance for the largest commercial fishing vessel observed traversing this area (49 m
[161 ft] long and 14 m [46 ft] beam).
Marine traffic will be restricted (for public safety reasons) only during the construction phase and major
repairs in the O&M phase, and then only around the segments of the Project that are actively under
construction/repair. The remainder of the WDA will be open for unrestricted navigational access, and
mariners will be free to operate in the remainder of the WDA and Project areas. The WDA is not located
within or adjacent to any designated channels or charted navigational pathways, and therefore the
presence of the WTGs in the water is not expected to hinder travel in or around designated navigational
pathways. At present, the waterways in and around the WDA are open for mariners who can travel in
any direction and at any speed desired. Some limited or restricted access areas (safety zones) will be set
up around active construction areas. As noted in Sections 5.4 and 8, the construction work zones will be
marked so mariners will be able to discern work areas.
Once constructed and operational, no restrictions to use and navigation in the WDA are anticipated.
Fishing vessels will be able to work in the area, including those involved in line, trawl, and drag fishing.
Operators and captains will need to take into account the presence or WTGs as they set their courses
through the WDA and care will need to be taken when fishing near the WTGs to ensure that fishing
equipment does not get snagged on underwater WTG components. It is expected that these
considerations will not place undue burden on the fishing stakeholders given the high level of
experience of the North Atlantic fishing community.

CLARENDON HILL CONSULTING, LLC

111

Vessel speed is another consideration when evaluating effects of the Project on local traffic and vessel
movement. At present, vessels have open water and no obstructions within the WDA area. While there
has not been significant vessel movement within the WDA (based on review of AIS data), the vessels
using the WDA have had unimpeded ability to move in any direction and at any speed desired. 2016 AIS
data indicates that vessels that have used the waterway in the area of the WDA travel within and
through the WDA at varying speeds:





Average speed of all vessels in WDA: 9 mph (4 m/s [8 knots]);
Maximum speed of all vessels in WDA: 30 mph (13.4 [26 knots]);
Average speed of all vessels in WDA plus 10 mile buffer: 4.6 mph (2 m/s [4 knots]);
Maximum speed of all vessels in WDA plus 10 mile buffer: 48 mph (22 m/s [42 knots]).

See Table 5.5.1-2 for results of a review of the vessel speed information for 2016 in the AIS database.
Table 5.5.1-2: Documented Vessel speed within WDA (AIS data, 2016)

Vessel type

AIS Vessel Count

Max Speed (Knots)

Mean Speed (Knots)

Fishing

1228

11.8

8.2

Sailing

74

14.2

6.9

Pleasure craft

73

25.9

10

SAR

25

5.8

3.5

Cargo

65

8.2

4

Tug or Tanker

7

10.6

10.5

Other or Unspecified

388

12.3

7.1

Once the Project is under construction, obstruction will be present in the area in the form of
construction vessels and equipment, and the WTG foundations and towers (as they are erected). Once
the Project is fully built and operating, the WTGs will represent objects in the waterway that mariners
will need to take into consideration. It is expected that mariners navigating in the Offshore Project Area
will use one of two methods to reduce the risk of collision (with other vessels in the WDA) or allision
(with a WTG):



Navigate around the periphery of the WDA; or
Travel through the WDA but at a reduced speed for safety.

Mariners that choose to navigate around the WDA to avoid potential conflicts will be able to continue
travelling at speed, but will travel an extra distance to avoid travel through the WDA. The trip around
the WDA will add somewhat to a mariners traveling time, which can be calculated (see Table 5.5.1-3
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Example A and Table 5.5.1-2 for average speed). For mariners that choose to navigate through the WDA,
it is expected that they would decrease speed upon entering the WDA as a precautionary measure. The
reduced speed trip through the WDA will add somewhat to a mariners traveling time, which can also be
calculated (See Table 5.5.5-2, Example B).
Table 5.5.1-3: Scenarios for Navigating around or through the WDA.

Scenario

A) Navigation
around WDA at
average Speed

B) Navigation
across WDA at
reduced speed

Average
speed (knots)

Current route

8

Transit straight
across the
WDA (E-N)

5.4

transit across
WDA (E-W)

New route

Additional
miles travelled
(nm)

Additional
travel time
(min)

Approach center of the
WDA from the east;
turn to go around the
north end of the WDA.

5.4

~ 40 minutes

N/A

~27 minutes
more (than at
a speed of 8.2
knots)

Transit across the wind
park (~7 nm) from E-W.



Scenario A: A vessel approaching the center of the WDA from the east at average speed of
four m/s (8 knots) turns and goes around the north end of the WDA, adding approximately
10 km (5.4 nm) to its trip, would add approximately 40 minutes of time to its trip (it would
take approximately 40 minutes longer to navigate around the WDA than it would have for
that same vessel to transit straight across the WDA if the Project were not present).



Scenario B: Assuming a conservative two-thirds ahead speed, a vessel that typically runs at
a mean speed of 4.2 m/s (8.2 knots) (i.e., fishing vessel), would presumably slow to
approximately 2.4 m/s (5.4 knots). At the reduced speed, the passage across the wind park
(approximately 3 km [7nm]) from east to west would take that vessel approximately 78
minutes, which is approximately 27 minutes longer than if the vessel were to traverse
through the WDA (without slowing) at the mean speed (of 4.2 m/s [8.2 knots]). See Figure
5.5.1-2 below for a depiction of the example potential vessel traffic pattern described.
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Figure 5.5.1-2: Example potential vessel travel patterns for mariners approaching the WDA from the east.

Based on the analysis conducted, the construction of the Project is expected to have minimal effect on
vessel movement in the area. The presence of the WDA in deep water and within approximately 23 km
(14 mi) distance from the closest landmass will not impede normal traffic patterns in the area as no
navigational channels will be impacted. For mariners traversing the open waters of the area in and
around the WDA, the presence of the Project (once it is built) will have a slight impact to the transit time
for those vessels as they would either turn and go around the WDA or traverse at a slower speed
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through the WDA. Example calculations of the impact of the longer transit time indicate a fishing
vessel’s current four-hour trip from Menemsha Harbor on the Island of Martha’s Vineyard to shallow
fishing areas on Nantucket Shoals (located to the east of the WDA) could be extended by approximately
30 minutes (approximately 12% longer), which may represent an inconvenience, but is not expected to
impact safe navigation.
In summary, the Project is not anticipated to impact vessel movement in the area in an appreciable way.
Mariners will need to reduce vessel speed when transiting through the WDA and take additional
precautionary measures during times of higher vessel density in summer months, which may cause an
inconvenience to some vessels traversing the WDA by slightly increasing vessel transit times.
5.5.2 Vessel Anchoring
Even though the WDA is located on the outer continental shelf, it is located in relatively deep water (see
Section 3.1).69 The combination of WDA location - mostly open water with a relatively low traffic count usage of the WDA (mostly transit through the WDA), and deep water depths (in excess of 37 m [121 ft]),
result in a situation where anchoring within the WDA would be expected to occur on only rare
occasions. Nonetheless, the potential for anchoring within the WDA and along the OECC associated
with the Project was evaluated.
There are four potential vessel-anchoring scenarios within the WDA:

69



Fishing vessels anchor in the WDA to collect or deploy fishing gear or to remain stationary
while line fishing (it is expected that this scenario would be a relatively rare occurrence due
to the water depths in the WDA area - mariners would be more likely to move to shallow
waters to anchor);



As a safety or emergency measure for a vessel experiencing difficulties or equipment
problems within the WDA;



SAR research operations in the WDA might chose anchoring as an alternative method of
staying on station while conducting SAR operations (based on the number of SAR cases
reported historically in the WDA this would be expected to be a rare occurrence; see Section
6 below); and



Any vessel that may choose to anchor in the vicinity of the buried cables within the interarray cable layout in the WDA or in the OECC. (Research vessels have been using the WDA
area occasionally, compare Vessel Survey - Appendix B-2).

Water depth in the WDA is 37-49.5m (121-162 ft).
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For any of these anchoring situations within the WDA, a risk may arise when another vessel navigating
through the WTGs in the WDA approaches an anchored vessel. This is addressed in the following
scenario. The anchoring scope required to keep the vessel stationary in water depths ranges from 3749.5 m (121-162 ft). Due to the required scope, an anchored vessel is expected to be 50 m (165 ft) at
maximum from the anchor point on the seafloor. At a (minimal) scope angle of 1:1 (water depth :
surface distance), the anchoring rope or chain of an anchored vessel would represent a potential strike
hazard at a distance of approximately 12 m (40 ft) from the anchored vessel for an approaching vessel
with a draft of 12 m (40 ft)70. The scenario draws on one of the vessels typically using the WDA: an
anchored fishing vessel with an average maximum length of 40 m (131 ft) (see Section 4.1.7). In this
scenario, the potential hazard radius around this anchored vessel would be 52 m (170 ft) to an
approaching vessel with a draft of 12 m (40 ft). Compared to the 1.4 km (0.86 mi) minimum distance
between WTGs, the hazard radius around the anchored 52 m (170 ft) vessel would be less than 4% of
the WTG spacing in this example case. Given that vessels underway approaching anchored vessels in the
WDA should be following safe marine practices and moving with care at reduced speeds, it is expected
that experienced mariners would be able to safely navigate around an anchored fishing or pleasure
vessel within the WDA.
While vessels larger than fishing or pleasure vessels have transited the WDA area in the past, the case of
large vessels anchoring between WTGs within the WDA seems very unlikely. The largest vessels
expected in the area would be USCG cutters, military vessels, tankers, Ro-Ro vessels, and/or cargo ships
albeit tankers and cargo ships are typically confined to the main approach channels. Based on previous
vessels reported in the area, the maximum length of a vessel possibly traversing the area would be 200
m (655 ft) (see Section 4.1.5). A vessel of that length would be considered at risk to anchor within the
WDA as the potential anchor scope and vessel radius would be equivalent to the width between WTGs.
This scenario is considered to be extremely unlikely, as vessels at the maximum size (generally
automobile cargo Ro-Ro carriers transiting to Davisville, RI) would likely transit around the WDA due to
the fact that their height-above-water is also close to the clearance height beneath the blades of the
WTGs, and operators of these vessels would most likely avoid transiting through the WDA. Reinauer Tug
boat operator Alan Bish confirmed that he would avoid or go around the WDA when a wind farm is built
there (see Appendix B1-B). In the unlikely case a larger vessel were to enter the WDA after the Project is
complete and operating, and if that vessel were to anchor for any reason (e.g., in an emergency), then
the vessel should drop both a bow and stern anchor to avoid swinging and immediately call for
assistance.

70

12 m (39 ft) is the deepest draft of vessels anticipated in the region given maximum port depths in the region.
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An additional anchoring consideration within the WDA is the case where a vessel may attempt to anchor
within the radius of the scour protection around a WTG. As noted in Section 2.1.2, scour protection
(aggregate and/or rock placed adjacent to the WTGs) surrounding the WTGs may extend to a distance of
36-46 m (118-151 ft) from the WTG (Epsilon, 2017a). Mariners attempting to anchor in the area may
not anticipate that type of bottom material, which could result in the snagging of an anchor. Noting this
potential effect on anchoring within information provided to mariners would mitigate this potential
situation.
Vessel anchors impacting or catching on any of the export cables associated with the Project is not
expected. The potential for this scenario has been mitigated by the cable installation design calling for
the burial of the offshore cable system at a depth below the effect of any anchoring (see Section
2.1.3).71 Military and cruise ship vessels are deployed with the largest anchors likely to be found in the
Offshore Project Area. Studies conducted by the US Navy (summarized in ESS, 2006) indicate that the
deepest penetration of the largest anchor (4,535 kg [10,000 pound] Danforth anchor) expected in
Nantucket Sound is 1.2 m (4 ft), which is less than the 1.5- 2.5 m (5-8 ft) burial depth of the Project
cables. As such, even if some of the largest vessels found in the area were to drop an anchor directly
over a buried Project cable, no impact to either the cables or the anchors would be expected. Cable
routes will be noted on navigation charts once the exact location of the cables have been confirmed
using post-burial survey data.

71

Project design cable burial depths of 1.5- 2.5 m (5-8 ft) place the buried cables at a depth beneath the seabed
below any potential anchor impact contact.
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6 Potential Impacts on US Coast Guard Missions
Analysis of the WDA potential impacts on USCG missions was based on data provided by the USCG
concerning historical SAR and pollution incidents. The data was compiled from the Marine Information
for Safety and Law Enforcement (“MISLE”) database covering the previous 10-year period (June 2006
through September 2016). This data reflects the number and type of incidents that have occurred
between Block Island, Rhode Island and the proposed WDA (inclusive) for the time period reviewed.
6.1 Search and Rescue (SAR) Operations
The USCG MISLE data shows that a total of 103 incidents occurred in an area that stretches roughly 168
km (105 mi) in length, from just south of Block Island to the WDA over the preceding 10 year period. Of
those, only a small percentage occurred within the WDA. Details concerning SAR incidents and the USCG
response and assets in the area are detailed in the sections below.
6.1.1 SAR Data Reported for the Selected Area from Block Island to the WDA
According to the MISLE data, during the approximately 10-year period from June 2006 to September
2016, 103 SAR missions were carried out by the USCG in the region between Block Island and the WDA
in an area encompassing approximately 3,496 km 2 (1,350 mi2). See Figure 6.1.1-1 for a map of the
MISLE incident data. Of these events, 67 were SAR Operations and 11 were Law Enforcement
Operations. Of these, only 20 incidents were located within a 19 km (10 nm) radius of the WDA during
the most recent 10-year period. Due to the distance from shore (approximately 23 km [14 mi] from
Martha’s Vineyard and Nantucket), responses in the WDA and between the WDA and Block Island that
occurred during the review period involved some of the larger USCG response vessels (than would be
dispatched for incidents that occur closer to shore). Most of the reported cases were related to
equipment problems or failure (e.g., loss of engine power), medical issues, vessels taking on water,
collision, capsized, or disoriented vessels. Of these, four cases were collision, although none of the
reported collisions were in the area of interest (within a 19 km [10 nm] radius of the WDA). Figure
6.1.1-2 provides an overview of the reported SAR cases and their proximity to the WDA.
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Of the 103 reported incidents in the waters between Block Island and the WDA described in the USCG
report, approximately 43% occurred at night and the remaining (57%) during daytime hours (see Figure
6.1.1-2). Of the reported incidents, the majority of the responses were reported as either SAR or Marine
Safety. Ten of the incidents reported during the period reviewed were related to enforcement including
personal conflict, commercial fishing vessel safety issues and fisheries enforcement cases. In all but two
of the incidents reported during the review period, the USCG responding department was Sector
Southeastern New England in Woods Hole, MA. The remaining two incidents were noted as response
from USCG Station Castle Hill in Newport (see Appendix D for detailed MISLE data).

Figure 6.1.1-2: Pie chart depicting percentage of marine incidents that occurred during the day and during the
night (data from MISLE database review [6/2006 - 9/2016]).

6.1.2 SAR Activity in and around the WDA
According to the MISLE report, within a 16 km (10 mi) radius around the WDA, approximately 20 SAR
cases were reported over the 10 year review period. Of these, two were noted as Marine
Environmental Protection and Response (“MER”) and two were noted as Law Enforcement. The
remaining incidents were either SAR missions or Marine Safety incidents (see Table 6.1.2-1)
Table 6.1.2-1: Summary of SAR and Law Enforcement Activity in WDA and 10 mi radius.

Category

Reported Cases

Type

SAR

16

Disabled or Distressed Vessel

Marine Safety (MER)

2

Equipment failure

Law Enforcement

2

Personal conflict
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6.1.3 Coast Guard Marine Assets
The USCG has several bases of operations in New England that are active in the waterways that will see
traffic and structures associated with the WDA. USCG District 1 – USCG Atlantic Area has jurisdiction
over the waters of the North Atlantic mission area. District 1 includes USCG Sectors: Boston, New York,
Northern New England, Long Island Sound, SENE, ASCC, and several afloat units. USCG Sector
Southeastern New England is the Sector that has primary responsibility for the area that covers the WDA
and transport and OECC, though USCG units from surrounding bases may aid in SAR or Law Enforcement
activities if needed.
The USCG marine stations in the region that are within closest proximity to the WDA, the transport
corridors for the construction and operation of the WDA, and OECC (see Figure 6.1-1) are:




USCG Station Menemsha, Martha’s Vineyard;
USCG Station Woods Hole, Woods Hole; and
USCG Station Castle Hill, Newport.

The closest USCG assets to the WDA are located at USCG Station Menemsha. Project transit areas
between the south coast of Massachusetts and Rhode Island may also be served by USCG Stations at
Woods Hole and Castle Hill. Within District 1, the USCG maintains a fleet of vessels that aid in the USCG
missions in the region (See Section 4.1.6 for an itemized list of vessels available for USCG missions in
New England). All of the USCG Stations and vessel assets in the region function as an integrated team,
conducting active patrols and performing SAR and environmental response missions (USCG, n.d.-a). The
larger USCG cutter and tender vessels noted are active in the New England waters surrounding the WDA
and are capable of multiple-day-at-sea missions. The medium- and small-class response vessels noted
are designed for rapid response from their home-port locations at their respective USCG Stations, and
are capable of SAR and Environmental Response actions as well. All USCG marine assets are equipped
with a full suite of radio, radio-telephone, and navigation equipment. The cutter-class vessels also have
advance radar, imaging, and positioning systems to assist with SAR missions.
6.1.4 Coast Guard Aviation Assets
The USCG maintains significant aviation assets out of its USCG ASCC (USCG, n.d.-b). ASCC is the only
USCG aviation facility in the northeast, and it has a mission area that ranges from New Jersey to the
Canadian border. The base is centrally located in the region at Joint Base Cape Cod (“JBCC”) in Bourne,
MA, which is a full scale, joint-use base, home to five military commands training for missions at home
and overseas, conducting airborne SAR missions, and intelligence command and control.
From ASCC, the USCG operates MH-60T Jayhawk helicopters and HC-144A Ocean Sentry fixed-wing
aircraft. The flight crews at ASCC are capable of taking off within 30 minutes of a call, operate 365 days
per year, 24 hours per day, in nearly all weather conditions, and complete approximately 250 SAR
missions on average per year (USCG, n.d.-b.).
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The USCG Jayhawk helicopters are very maneuverable assets, with the ability to hover, perform hoisting
operations, and deploy pumps and dewatering equipment to aid in rapid-response SAR missions. Once
in the air, the helicopters have the ability to rapidly respond and be on-scene for emergency and SAR
operations. The USCG’s fixed-wing assets (HC-144A Ocean Sentry aircraft) are capable of high-speed
response and reconnaissance, and can be launched and used for medium and long-range SAR and
reconnaissance missions. The Ocean Sentry aircraft have a longer range and longer flying times as
compared to the Jayhawk helicopters, and can remain on scene or in a search area for a longer period of
time.
The WDA and the waters surrounding the WDA (including the transportation and navigation routes for
the construction, operation and maintenance, and the cable vessels), are in close proximity to the USCG
ASCC, and rapid response times can be expected in support of SAR missions in the Offshore Project Area.
The ASCC is located approximately 59 km (32 nm) (direct line) from the northwestern edge of the WDA.
A map showing the location of USCG ASCC relative to the WDA and the Offshore Project Area is included
on Figure 6.1.1-1.
6.1.5 Commercial Emergency Marine Service Providers and Salvors
In addition to the USCG assets in the region, numerous commercial salvor operations exist in Buzzards
Bay, Narragansett Bay, and the waters surrounding Cape Cod and the Islands. Many of these
commercial businesses operate seasonally, typically running from early spring to late fall, during the
recreational boating season. Most of these operations are located in the boating communities and ports
where recreational vessels are common, including:








TowBoatUS Falmouth – Falmouth, MA;
Sea Tow South Shore – Marshfield, MA;
TowBoatUS Bass River, Cape Cod, Nantucket – South Yarmouth, MA
TowBoatUs New Bedford – New Bedford, MA
TowBoatUS Provincetown – Provincetown, MA
Safe/Sea RI – North Kingstown, RI;
Baywatch RI – Warwick, RI.

These private towing and marine assistance contractors offer a range of services to the recreational and
commercial boater, including towing, engine start, vessel salvage, and general assistance to mariners.
During the boating season (April through October), dispatches are typically made 24hours per day, and
response times are generally short (unless occupied with other incidents), as the vessels and crews are
on call and are located close to the waters they serve. Private commercial salvors have, in certain
situations, assisted the USCG in SAR operations in the past.
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6.2 Marine Environmental Protection and Response
MER data was compiled from the MISLE database covering the previous 10 year period (June 2006
through September 2016) obtained from the USCG. As with the SAR MISLE data, the MER data reflects
the number and type of incidents that has occurred between Block Island and the WDA (inclusive)
during the review period.
No MER cases have been reported within the WDA. Based on the information contained in the USCG’s
data search of the MISLE, over the past 10 years there has been one reported MER incident in the entire
area researched. The incident, an oil pollution event on 1/28/2011 occurred 53 km (33 mi) west of the
WDA. No other incidents were reported. Figure 6.1.1-1 depicts the MISLE MER information for the
region included in the information obtained from the USCG.
Outside the search radius of the MISLE database, over 300 reported cases of spills and/or pollution
incidents were recorded by the USCG in Narragansett Bay and Buzzards Bay waterways over the past 10
years (ESS, 2012). Most of these occurred in the ports and harbors; in particular, the industrial and
working ports of Providence, Fall River, and New Bedford have reported several oil spills and
contaminant releases. In addition, as noted in Section 4, two large volume spills have occurred in
Narragansett and Buzzards Bays in the past 30 years, both related to the grounding of vessels carrying
home heating oil.
6.3 Potential Impacts of Offshore Project on SAR and Marine Environmental Operations
The USGC responds to numerous emergency and law enforcement incidents each year. The USCG assets
present in the region are familiar with the waters in the Offshore Project Area and with the maritime
traffic that traverses the surrounding waters. Because the construction phase and the operations
phases of the Vineyard Wind project will entail the use of different vessels and components, the
discussion concerning potential impacts is presented separately below.
6.3.1 Potential SAR Impacts during Construction
As noted in Section 5.2 various construction vessels will be used. The vessel types can be categorized
into two different types, those vessels that are similar in size and/or function to the types of vessels
currently using these waterways, and those vessels that will be unfamiliar in this waterway, either
because of their size and design, or because of the types of components they may be carrying.
Vessels Similar in Size and Function
Project, survey vessels, CTVs, barges, tug and support vessels, and typical marine construction vessels
may be utilized which are similar in size and/or function to types of vessels currently used. These vessels
will mainly be transiting between the Offshore Project Area and the New Bedford Terminal (or a
secondary staging port), with some potential traffic into the operations port on Martha’s Vineyard. As
already noted, each vessel would be making only a few round-trips to the Offshore Project Area per day.
As such, this traffic represents only a slight increase in the marine traffic that occurs already in and out
of the Port of New Bedford and a port on Martha’s Vineyard; and the vessel types are not significantly
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different in terms of size and tonnage than those associated normal marine traffic in those areas (see
Section 4). Given that the small vessels traffic associated with Project construction will only result in a
minor increase in vessel traffic, and that these particular vessels are similar enough in form and function
to the marine traffic the waterways currently see, it is expected that the impact on USCG SAR operations
will be minimal and would have little or no impact to marine communications and/or SAR response.
Vessels with Components Different in Size and Function
Larger vessels and somewhat unconventional marine traffic related to the construction of the project
will also be present, both in the WDA and in the transit corridors between the Offshore Project Area and
the supporting ports. Some of these large vessels will have different vessel profiles than the typical
ferry, fishing, or freighter vessel currently plying the waters in the area. Any non-US flagged jack-up
WTG installation vessels used in the construction of the Project are not expected to transit between the
WDA and the onshore port (due to Jones Act restrictions), except in an unusual situation (i.e., for
repairs). Many of the larger vessels associated with the construction of the Project will transit at speeds
that are different from the normal vessel traffic (i.e., generally slower), and/or may remain “parked” or
moored at a location while the Project is constructed. In addition, the transfer barges and jack-up
platforms that may be involved in the construction are wider and longer than the average vessels that
utilize these waterways. While the vessels involved in the construction are not expected to have
unusually deep drafts, several of the construction vessels will also have jack-up legs and/or holding
“spuds” that will add to the depth profile of the vessels.
The component transfer vessels will ferry the extra-large wind tower components to the WDA
construction area. When empty (i.e., on the return trip to port), the vessels will have profiles that will
be similar to normal marine traffic. However, once loaded with wind components, these vessels will
have a substantially different above-the-water profiles than other vessels commonly found in these
waters, and may operate differently (slower and with less mobility) than typical vessels. These
construction-related vessels will be large and easily identified as Project-related vessels. Outside of the
main transit channels and for most of the area surrounding the Project Area, these vessels should not
impact normal non-Project traffic and should not impact USCG operations, including SAR operations.
USCG crew is experienced mariners and USCG vessels contain significant navigational technology, and
should not have issues navigating around the construction vessels associated with the Project during
transit. Additionally, the vessels used for Project construction will be captained by experienced
mariners with intimate knowledge of the vessels they are operating. The vessel operational
requirements (including vessel operator training and licensing), both from a regulatory standpoint
(BOEM and USCG vessel handling requirements) and from an insurance and project management
perspective, are significant, ensuring that the vessels involved in the construction of the Project will be
operated in the safest possible fashion.
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While not expected to impede SAR operations, there are five situations where extra care may be
required to ensure that Project construction operations minimize the potential for impact to SAR
operations. These include:


Survey operations where survey vessels moving at slow speeds in straight-line survey
patterns with extensive equipment in the water, including potentially towed streamer
sensor systems.



Cable lay operations that will occur both in the WDA and between the WDA and the landside connection points on the mainland. Cable installation vessels operate at low speeds as
cable is laid, and have cable installation/burial equipment and cable that extends from the
ship into the water.



Mooring and Jack-up of large component transfer and installation vessels at the WDA
installation area. Once moored and/or jacked-up, these vessels will have no mobility, and
will not be able to take evasive action or move out of the way during an SAR operation. Of
particular consideration is the (unlikely but possible) case where a vessel transiting the area
of construction were to become adrift and lay up to one of the construction installation or
transfer vessels while they are jacked up or moored. SAR operations related to extricating
the distressed vessel from the work area would need to be conducted carefully and consider
the work vessel inability to maneuver.



On the occasion where installation vessels (unexpected occurrence) and/or transfer barges
carrying wind components are transiting (either entering or exiting) the channel leading to
the Port of New Bedford or a secondary installation port, channel traffic could be affected.
In case SAR vessels would be operating within the New Bedford channel, a high speed SAR
vessel passing such a construction vessel would be required to navigate around the larger
slower construction vessel, and may need to decrease vessel speed temporarily while
passing.



Vessel traffic associated with the Project that enters/leaves a Port in Rhode Island or
Connecticut could encompass up to 3-4 vessels per day at maximum. Compared to the
average daily vessel traffic (27 vessels on average according to AIS 2011 Aliquot data) that
enters the TSS lanes to Narragansett Bay, this additional Project traffic would be a moderate
increase to vessel operations.



As the Project construction progresses, foundation pieces and towers will be erected in the
WDA. While these units will not be operational until the Project construction and
commissioning are completed, they will exist as objects in the waterway. With a WTG intertower spacing of 1.4-1.8 km (0.76-1 nm) it is anticipated that SAR operations in and around
the WDA would be minimally impacted. SAR vessels and aircraft should be able to navigate
around and between the WTGs with minimal difficulty as they will be clearly marked. The
WTG component that has the potential to have the most impact on SAR operations is the
blades, which will extend from the WTGs approximately 100 m (328 ft), potentially
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narrowing the passage between the WTG units to 1.2 km (0.65 nm) at the narrowest point.
This consideration would likely not impact vessel operations, as the overhead clearance for
a vessel under a blade is 27 m (89 ft) MLLW, which is higher clearance than the largest
(tallest) USCG vessel anticipate to be operating in the area. For aviation support (helicopter
and fixed-wing aircraft) involved in SAR operations that might occur in the WDA or in the
immediate vicinity of the WDA, the project will have a strict operational protocol with the
USCG. The protocol will require the Project to secure the WTG (stop the blades from
rotating) within a specified time (e.g. 2 minutes) should the USCG request such action during
SAR.
As noted above, the MISLE SAR incident data indicates that approximately 20 total incidents have
occurred over the past 10 years within the WDA and surrounding area. This relatively low number of
historical incidents, coupled with the fact that the incidents that did occur were typically related to
fishing vessels which will likely have a decreased frequency of presence within the WDA once the Project
is under construction, suggests that the potential for SAR activity within the WDA will be minimal once
Project construction has commenced. In the unlikely event that an incident were to occur within the
WDA construction area, based upon historical USCG vessel response (use of marine assets) in the vicinity
of the Project area, it is anticipated that SAR operations could occur in and around constructed WTGs
and Project construction vessels with minimal interference.
Of the over 300 spills and releases to the waters of Narragansett and Buzzards Bays noted in the MISLE
database, only one was noted approximately 53 km (33 mi) to the west of the WDA over the period
reviewed (2006 - 2016). The lack of spills in the area of the WDA can generally be attributed to the lack
of marine traffic in the area of the WDA. It is assumed that likewise, USCG operations related to MER
would most likely be confined to the edges of the bays where the majority of spills occurred near ports
and harbors. The most likely location where Project construction vessels could have an impact on USCG
MER would be in or near New Bedford Harbor, where multiple Project construction-related vessels
would be traversing. In a response situation, USCG operations would contain the spill/release using
vessel assets and floating containment/ collection equipment. These operations would more likely
impact transit times of the construction vessels working on the Project than affect USCG operations.
One obvious situation where construction operations could impact USCG MER is if a Project construction
vessel were to run aground or collide with another vessel and discharge fuel into the waterway.
Vineyard Wind will be required to have in place an oil spill response plan and will work with the USCG to
develop a comprehensive communication plan compliant with the USCG SAR mission.
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6.3.2 Potential SAR Impacts during Operation
Once the Project has been constructed and is operating, the primary impacts to SAR operations would
be contained to the area immediately within and around the WDA. As noted in Section 6.3.1 above, the
WTG inter-tower spacing and height of blade tip off the water surface should not impede USCG SAR
marine operations, as it is anticipated that USCG marine assets in the region will be able to safely
navigate within and around the Offshore Project if necessary.
In order to mitigate potential impacts to SAR aircraft that may need to access the WDA, the Project will
have strict operational protocol with the USCG. The protocol will require the Project to secure the WTG
(stop the blades from rotating) within a specified time should the USCG request such action during SAR
events. If for any reason the USCG were to decide not to invoke the shutdown protocol, SAR aircraft
should only operate in the immediate vicinity of the WDA under extreme caution. The spinning blades
introduce a potential danger zone that extends approximately 200 m (656 ft) out front from the center
of the WTG when it is operating. As noted, the Project will have established contingency shutdown
procedures in case of emergency, and will have the ability to secure turbines in the event of an
emergency at the request of the USCG. Communication procedures and emergency response
procedures will be included in the draft Safety Management System.
As noted in Section 7 below, the Project is not expected to have an impact on vessel communications,
including SAR communications. Marine radio interference from the operating WTGs is expected to be
minimal. SAR communications using VHF radio (typical method) or satellite or cellular telephone
communication devices should not be impacted by the operations of the Project. As noted in Section 7,
VHF communications operate on a line-of-sight basis, and most communication mast antennas for SAR
vessels will be at an altitude that is significantly lower that the lowest height of the blade circumference
of the operating WTGs, and therefore should not impeded any radio transmission within or outside the
WDA. Additionally, the Project is not expected to have any impacts to the emergency transponder
systems (Emergency Position Indicating Radio Beacon utilized on many ocean-going vessels. This system
operates on a 406 megahertz (“MHz”) radio transmission system that communicates through a set of
satellites that orbit the earth. The Cosmicheskaya Sisteyama Poiska Avariynich Sudov- Search and
Rescue Satellite-Aided Tracking (“COSPAS SARSAT”) system utilizes a series of satellites in
geosynchronous orbit around the earth with overlapping signal coverage (eoPortal, 2017). The system is
designed to take into account the potential for obstructions impeding the signal, with multiple satellite
angles serving an area, thereby minimizing the potential for signal interference from operating
structures (including WTGs). Therefore, it is expected that Project operations will not impact EPIRB
signal transmission.
The Project is not expected to adversely impact SAR response times from the USCG marine and aviation
stations noted in Section 6.1.4 above, as rescue craft will be able to safely navigate around the WDA as
they would normally navigate around any other marine obstruction. Response times for marine assets
should not be impacted except directly within the WDA, where vessels may need to slow marginally to
safely navigate between WTGs. It is advisable that SAR vessels may traverse through the WDA by using
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the wider center lane for faster operations. Response times for airborne assets should also not be
impeded, except in the case of a rescue directly within the WDA, in which case slightly more time may
be required on-scene as pilots navigate around the WTGs at a safe distance (note that operating
parameters require shutdown of WTGs at USCG request, which should substantially mitigate the
situation).
MER operations are unlikely to be impacted by the presence of the operating Project. As the MISLE data
reviewed indicated, no spills have been recorded within a 19 km (10 nm) radius of the WDA. Projecting
the same trend out, it can be assumed that spills and/or releases are unlikely to occur within the WDA
or in the buffer of approximately 19 km (10 nm) from the WDA. Because of the lack of historic marine
spills in and around the WDA, it is assumed that trend will continue, and thus there would be no impact
to those USCG operations.
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7 Effects of the Project on Communication Systems
As part of the assessment of potential communications effects of the Project, published information and
reports concerning the following systems were reviewed:
 communications systems (including VHF and cellular and satellite voice and data
communications);
 radar (Radio Detection and Ranging) Systems;
 positioning systems (including GPS); EMF interference from operating turbines and energized
cables;
 sound signals, noise generation, and sonar interference (including an assessment of audible
sounds from construction and operation activities); and
 visible communication and warning systems (including light signaling and ATONs).
Sources of information for this section include: general scientific publications concerning the technical
subjects reviewed; website information concerning vessel tracking, USCG updates, general maritime
safety notices; and previous NRA documents for similar facilities, including the NRAs prepared by ESS
Group, Inc. (2006) and TetraTech (2012). In each subsection presented below, general information
concerning the system and/or situation reviewed is presented first, followed by information concerning
effects during construction and then effects during operation.72
7.1 Communications Systems
Vessels in proximity to the WDA will generally be communicating using either VHF band radio signals or
through either cellular or satellite (satphone) voice and data systems. It should be noted that while
cellular and satphone communication is becoming increasingly popular with mariners (particularly while
in waters in close proximity to the coastline), the practice of relying on cellular or satphone
communication is not endorsed by the USCG (USCG, 2017b). While recreational vessels less than 20 m
(65 ft) in length are not required to carry VHF radio equipment, the USCG strongly recommends vessels
carry VHF equipment as part of their standard boating safety equipment (USCG, 2017b).
7.1.1 Types of Communications Systems
There are various types of communication equipment typically used by mariners, including VHF systems,
satellite telephone (“satphone”) systems, and cellular telephone systems. A brief description of these
systems is presented in the subsections below.

72

Impacts from the decommissioning phase of the Project are expected to be similar to those during construction
and are not further specified. A new NRA will be prepared prior to decommissioning to take into account changes
in the regulatory environment and updated technologies.
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7.1.1.1 Radio Band Communications
Marine radio systems have evolved over the past 20 years into highly efficient smart technology that can
operate in multiple modes over short-moderate distances at sea. Marine VHF systems incorporate radio
frequency waves from 156.000 MHz to 162.025 MHz. This frequency band is known as the VHF
Maritime Mobile Band, as designated by the International Telecommunications Union and VHF radios
are designed and built to operate on a specific frequency within the maritime mobile band. These
frequencies are stored in the VHF radio as unique channels, allowing the radio operator to tune in to a
frequency by changing the channel on the radio. Vessels communicating with each other via VHF Radio
tune in to a common channel and can communicate openly on that channel. Modern VHF Radios are
capable of auto-transmitting digital distress messages or calling specific stations that can be programed
into the radio (known as Digital Selective Calling [“DSC”]). VHF communications equipment can also
interface with other electronic systems such as GPS and the AIS. VHF units are generally affordable and
signal quality is generally good over the full effective range of the radio. Furthermore, VHF is less
sensitive to atmospheric interference than other forms of wireless communication.
The range of VHF radios is dependent on a variety of factors, including terrain and curvature of the
earth. VHF is basically a “line of sight” tool - while communicating with another user, a VHF antenna
must be able to “see” the antenna of the vessel or structure with which it is communicating (Blueseas
Information Brief, 2017). For example, a sailing vessel with a mast-mounted VHF antenna equipped with
a standard 25 Watt radio (a typical commercially available unit) and an antenna at approximately 20 m
(65 ft) from the sea surface would experience signal range of approximately 19 km (10 nm) ship to shore
(at sea level). However, most VHF communications occur between two antennas that are elevated, and
because the range of VHF signal propagation is proportional to antenna height of both receiving and
transmitting units, two similarly equipped vessels (or a vessel communicating with an elevated shore
antenna) would experience an antenna to antenna range of approximately 38 km (20 nm) vessel-tovessel. Various reports in the maritime literature indicate that empirical testing of common VHF radio
units indicates that an observed line-of-sight range for VHF communications is commonly in the 40 km
(25 nm) range (Tetra Tech, 2012b, p. 47). The simplest way to maximize the range of VHF
communications devices is to elevate the antenna as high as possible on the vessel; each additional foot
in antenna elevation results in approximately 2.2 km (1.2 nm).
7.1.1.2 Cellular Voice and Data Communications
Cellular telephone equipment is now generally considered standard equipment carried by most
individuals. Cellular modems are also common equipment installed on many vessels, especially
commercial vessels. Both of these systems rely on commercial cellular network towers for
communication transmission. The Federal Communications Commission (“FCC”) indicates that cellular
wireless communication device range and signal quality is impacted by proximity to a cellular tower,
physical obstacles, and natural disturbances such as adverse weather (FCC, 2017; Smallbusinesschron,
2017). Maximum ranges for standard cellular equipment is reported in the 74 km (40 nm) range. Solid
obstructions such as terrain, i.e., hills between the cellular unit and the cellular communications tower
networks can reduce the range and quality of signal. Signal and data quality over the most commonly
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used commercial (3rd and 4th generation [i.e. 3G/4G]) cellular networks is relatively predictable over
the open water due to the lack of terrain obstructions. Commercially available cellular signal
enhancement equipment is available to extend range and improve signal quality in areas of high
interference.
Cellular communication towers are located at the Nantucket Memorial Airport, within 28 km (15 nm) of
the northerly edge of the WDA (Nantucket, MA Cell Towers and Signal Map, 2017). Several cell towers
exist in West Tisbury and Chillmark on Martha’s Vineyard within 26 km (14 nm) line-of-sight of the
leading edge of the Wind Farm (Martha’s Vineyard, MA Cell Towers and Signal Map, 2017). Activities at
the distal far southern end of the WDA, approximately 55 km (30 nm) from the towers on Martha’s
Vineyard and Nantucket would still be in expected range. Vessels transiting to/from the WDA and the
Port of New Bedford or a secondary port, and/or operating along the OECC would also be within range
of those towers and also would be within range of multiple other tower locations throughout the Cape
Cod and southern coasts of Massachusetts and Rhode Island. With expected cellular phone range in the
area of 74 km (40 nm), it is expected that operations related to the Project’s construction and operation
will be within range of cellular communication.
7.1.1.3 Satellite Voice and Data Communications
Satphone systems have the benefit of nearly unlimited range - as long as the satphone can “see” a
network satellite, it will be able to transmit/receive a signal. Satphone reception is impeded by solid
obstructions between the unit antenna and the satellite, and severe adverse weather that can degrade
the overall quality of the signal (Globalcomsatphone, 2017). Powered fixed external antennas increase
the reliability of satphone networks. Satphone systems are increasingly popular with commercial vessel
operators as a means of ensuring communication with shore-based operations at any distance, and
many commercial shipping vessels include rack-mounted satphone equipment with a steerable
microwave antenna that automatically tracks the overhead satellites.
7.1.2 Impacts of the Project on Communications
The Project is not expected to have any appreciable negative impacts on voice or data communication
between vessels or between vessels and shore. A description of the expected impacts of the Project on
communications for the construction and installation phase of work and for the operational phase of the
Project is included in the subsections below. Impacts from the decommissioning phase of the Project
are expected to be similar to those of the construction phase, and are not further detailed.
7.1.2.1 Construction and Installation / Decommissioning
C&I as well as decommissioning activities will likely utilize the Port of New Bedford as the primary
staging area and will increase vessel traffic in and out of the New Bedford Harbor. Although some of the
vessels involved in the C&I phase will be larger vessels (see Section 4) than is typical for the area, their
operations represent a moderate increase over normal maritime operations in the Offshore Project
Area, and as such are expected to have no discernible impact on communications.
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Operations related to the offshore cable system involve a small number of vessels that will be operating
along the OECC. These operations are expected to have little to no impact on communications in the
area. Prior to operation, construction of the WTG towers will proceed in a sequenced manner - as
towers are presented above the sea surface, their potential effect on surface activities will progressively
increase until the finished Project is installed.
7.1.2.2 Operations and Maintenance
While VHF and cellular communications are influenced by objects between points of communication,
the cross-sectional area of a WTG within the elevation band (generally 3 - 30m [10-100 ft] from the sea
surface) is small compared to the WTG spacing. The space WTGs is sufficient such that minimal to no
effects on VHF and cellular communications is apparent. Minimal impacts from backscatter effects (very
small proportions of transmitted signals reflecting from the WTGs) are possible for vessels transiting at
angles (generally between 30-60 degrees and 120-150 degrees) to the tower layout (Science Direct,
2017; Energy.gov, 2013).
Studies of Communications Effects
Several studies have been conducted to assess effects of operating WTGs on VHF and other
communications signals. The studies concluded that, at least for situations evaluated, the offshore wind
farms had no impacts on communications. Two sets of widely referenced studies assessed the effects
on VHF communications are:


Studies conducted by the Danish firms Elsam Engineering A/S (2004) of the completed Horns
Rev Wind Farm and by Orbicon A/S (2014) of the newly installed Horns Rev 3 Wind Farm in
the North Sea off the coast of Denmark; and



A study at the North Hoyle Wind Farm off the coast of Wales in the UK in 2004 (Howard &
Brown, 2004).

The Horns Rev communications studies were completed on the fully operational Horns Rev wind farm
off of the coast of Denmark. During the active monitoring of VHF signals around the wind farm, VHF
signal strength and clarity experienced minimal or no discernable degradation, and it was concluded
that the wind farm had no negative impact to VHF communications. Horn Rev consists of a grid of 80
WTGs (Vestas V80 two MW turbines) at 70 m (230 ft) hub height with and inter-tower spacing of 0.5 km
(0.3 nm) and a power output of 160 MW. The study considered vessels traversing near, within, and at a
37 km (20 nm) distance from the wind farm. The study also considered vessel traffic between the wind
farm and the O&M traffic center 29 km (21 nm) away, and the Coastal Emergency Center located
approximately 46 km (25 nm ) from the wind farm.
The North Hoyle study assessed the effects of 30 Vestas V80 two MW WTGs in a 10 km2 (3.9 mi2) grid
pattern approximately 7.5 km (4.7 nm) off the coast of Wales in Liverpool Bay, UK. The study concluded
that the wind farm had no measurable impacts on any of the voice communications systems evaluated.
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Certain types of specialized VHF direction-finding equipment were impacted by spinning turbines when
brought within 50 m (165 ft) of a WTG, however there was no remarkable effect on the equipment
beyond that range. North Hoyle wind farm began operation in 2003 and has a peak power output of up
to 60 MW. The studies, conducted from 2003-2004, included assessments of effects of the wind farm to
vessel-based fixed and handheld VHF communications devices and cell phones as well as shore based
fixed-mount systems. The study also evaluated the effects on DSC, an advanced feature on certain
radios and phones. As part of the study, both ship-to-ship and ship-to-shore modes were investigated,
and no measurable impacts were noted.
With the exception of turbine output, the Project, once constructed, will be comparable to the facilities
evaluated in the studies noted above. In particular, the Horns Rev Wind Farm with 80 WTGs represents
a reasonable operating facsimile to the future construction at the WDA, with a similar grid spacing,
overall layout, and distance to ship channels and shore-based communications infrastructure.
Consistent with the studies’ findings, VHF radio and cellular communications interference is not
anticipated in and around the WDA.
7.1.3 Effects on Aerial Transport Communications
While the WDA is not located in the direct approach path for the Martha’s Vineyard Airport, the location
of one of the runways for the Nantucket Memorial Airport is expected to result in aircraft transiting in
the vicinity of the air space above the WDA. SAR operations may also bring aircraft within airspace
around the WDA. Because communication equipment for aircraft operates using similar radio waves as
marine equipment, the Project will not interfere with aviation communication in and around the WDA.
7.1.4 Cumulative Effects of Multiple Wind Farms on Communication Research conducted for the
DOE by scientists at the University of Texas at Austin evaluated the impact of large wind farms on
various parameters including communications. Their conclusions included “Communications systems in
the marine environment are unlikely to experience interference as the result of typical wind farm
configurations, except under extreme proximity or operating conditions.” (Ling, Hamilton, Bhalla,
Brown, Hay, Whitelonis, Yang, Naqvi. 2013, p. 28). Furthermore, it was found that “given the small
degree of the signal fade (<6dB) and the finiteness of the electromagnetic shadow found around wind
farms, the effect of wind farms on communications systems is expected to be low” (Ling, et al, 2013, p.
138).
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Studies by Howard & Brown (2004), Elsam Engineering A/S (2004) and by Orbicon A/S (2013) have
shown that communication systems in use by mariners and aviators in and around wind farms in the UK
were not impacted by the operation of the WTGs in the wind parks evaluated. No documentation in the
literature could be found that suggests there are multiplicity effects when wind farms are built near
each other. If a mariner were to traverse through a larger area of wind farms (for instance if one Wind
Farm were built adjacent to another), based on the information referenced above, it is expected that
communication effects would not change. While traversing through the (larger) area the mariner would
have to pay close attention to the larger array of wind turbines, which (depending on the mariner’s
knowledge and expertise e.g. with reading radar signals from WTG's) might result in reduced transit
speed and thus a longer travel time. This effect is considered minor.
Based on the information collected and reviewed herein concerning a single wind farm installation, it is
anticipated that the impact of multiple wind farms in the same region will have little or no effect over
and above that noted for a single wind farm. A review of information concerning this subject did not
return any references to indicate that the presence of multiple wind farms in an area has any more
effect on communication than have a single wind farm (other than the fact that the wind farm area
would be larger if multiple wind farms were present).
7.2 Radar
Radar systems are commonly used in marine transportation. These systems, in addition to determining
a vessel’s position in relation to NOAA chart information and coastal features (the same kind of
information GPS systems generate), also can detect and monitor in real time other vessel positions and
movement in the vicinity of a radar equipped vessel (which GPS cannot do). Information concerning the
nature radar navigation is included in the subsections below.
7.2.1 Radar Communication
Typical marine and aerial radar systems rely on measurement of return signals in response to an output
of EM energy. Radar systems work by transmitting a radio frequency EM signal generated by an
antenna in a particular direction and detecting the “echoes” off of any objects in the path of the signal.
Typical commercial radar systems consist of an antenna beacon that emits a radio signal in a circular
pattern to detect objects in a 360 degree arc around the transmitter. Radar has been a staple of marine
navigation for decades, and most ocean-going commercial vessels are equipped with a radar system for
constant scanning of the sea surface in all directions around a vessel (ENS, 2008). As with other forms of
radio transmission (VHF, HF”, etc.), radar waves propagate through the air and are affected by
environmental (weather) conditions and the degradation due to distance.
7.2.2 Impacts of the Project on radar systems
Several studies (e.g. studies at the UK Kentish Flat Offshore Wind Farm (BWEA, 2007)), indicate that
expected impacts of offshore WTGs on ship radar vary depending on size of vessel, proximity to the
WTGs, and the angle of travel of the vessels in relation to the wind farm. A USCG finding in 2009
indicated that WTGs would likely not adversely impact a mariners’ ability to effectively use radar as a
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navigation tool due to the experience of local mariners (USCG, 2009). Construction (and eventual
decommissioning) activities are not expected to have impact on radar signals – the vessels and
equipment operating in the WDA will appear on radar equipment similar to any other marine traffic. In
the O&M phase, “multiples” of a radar signal (a single target appearing as more than one target) may
appear on radar on vessels passing by or within the Wind Farm. In the Kentish Flat study (BWEA, 2007),
30% of the vessels that were assessed did not experience any significant radar impacts (false echoes,
mirror effects, or multiples). Of the vessels that did experience radar signal effects, the study concluded
that the strength of effects (such as multiples) depends on various factors.
7.2.2.1 Construction and Installation / Decommissioning
As with radio communications equipment, C&I activities along with decommissioning activities are
expected to have little effect on radar signals in the area. Increased traffic due to the number and size
of vessels in the region due to the construction activity will increase, however the increased number of
vessels using radar in the area should have no impact on the transmission of radar signals.
7.2.2.2 Operations and Maintenance
Several studies have assessed the impact of wind farms in Europe on radar signals. Studies include
assessment of the Horns Rev and North Hoyle Wind Farms in Denmark and the UK, respectively (Howard
& Brown, 2004). Additional studies were conducted at the Kentish Flat Offshore Wind Farm in the UK in
2005 (MARICO, 2007). The most comprehensive study concerning the possible effects of wind farms on
radar to-date was conducted by the British Wind Energy Association (“BWEA”), in 2005 at the Kentish
Flat Offshore Wind Farm (BWEA, 2007). The Kentish Flat studies gathered real data on the effects on
marine radar at an operating offshore wind farm. The project obtained firm data from vessels’ radar
installations onboard numerous ships, including container, Ro-Ro traffic, tankers, gas carriers, lash ships,
dry cargo ships, fishing and recreational vessels operating in the area of the Kentish Flat Offshore Wind
Farm. The study was designed to determine if particular types of vessels, radar, or antennae are more
prone to effects from wind farms, and the data collected were intended to facilitate future informed
assessment of the levels of likely phenomena to assist in the preparation of more knowledgeable NRAs
and to assist in the development of appropriate mitigation measures.
Numerous vessels of varying size and configuration, all utilizing radar systems, were evaluated as to
radar system effects when passing in close proximity to the wind farm. Approximately one-third of the
vessels shadowed in the study saw no discernable radar effects when passing near the wind farm
(BWEA, 2007). Of those radar systems that were affected, a proportion of the interference observed was
related to false echo multiples of the vessels superstructure (i.e., radar signals bouncing back and forth
between the transmitting vessel and WTGs, causing weak false echoes of the transmitting vessel to
appear on the radar screen as a series of faint targets) appearing when near the wind farm, and (as
noted above) disappeared as the vessel moved past the wind farm and the angle of the radar signal to
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the wind farm changed.73 In this report, investigators reported that while unwanted effects were
recorded on vessel radar, the mariners interpreting the radar signals could readily identify the false
echoes and could safely navigate in and around the wind farm.
In 2009, the USCG considered the potential impacts to radar navigation from WTGs (USCG, 2009). In its
findings, the USCG acknowledged that certain WTGs may have a moderate impact on radar signals for
vessels operating in the study area. The USCG findings also indicate that the WTGs would not adversely
impact a mariners’ ability to effectively use radar as a navigation tool or to detect radar targets outside
of the wind farm, as most mariners were experienced at interpreting radar signals under a variety of
circumstances.
The Project will be a grid-array of regularly spaced WTG components. As such, it is likely to have similar
radar effects to those experienced in the studies conducted at the wind farms noted above. False and
multiple echoes experienced on radar devices during those wind farm studies may also be experienced
at the WDA, though it is not possible to test this assumption until the construction and installation is
complete, as many variables can affect the signals. Potential mitigation measures are discussed in
Section 8. Vineyard Wind is committed to working with the USCG and BOEM to maintain safe navigation
within the area of the WDA. As noted in the USCG (2009) assessment, impacts to radar should not
negatively impact a mariner’s ability to safely navigate in the WDA; even so, Vineyard Wind will work
with stakeholders to identify potential mitigation measures, as necessary.
7.2.3 Aviation Radar
Both civilian and military aircraft operate in the Project Area. Notable civilian aircraft include private or
commercial aircraft that transport persons to and from the Island of Martha’s Vineyard and Nantucket,
and aircraft that originate from small civilian airports on the mainland on Cape Cod, the southern coast
of Massachusetts, and the Rhode Island coast. Military flights in the area generally originate from the
military base on Cape Cod (JBCC).
7.2.3.1 Civilian
Commercial aviation radar operates across a broad vertical cross section in which the elevated towers of
a WTG represent near-ground level structures (despite their height). The proposed WTGs would be
discernible on radar to low-flying aircraft flying at elevations lower than 600 m (2,000 ft). In 2003, the
New England Regional Office of the FAA issued a “Determination of No Hazard to Air Navigation”, based
on the results of a 2002 study (FAA-Northeast Region [“NER”], 2003). In 2005, the FAA Headquarters
affirmed the regional office’s determination that a WTG array in Nantucket Sound posed no hazard to
aviation. The WDA, which is located further offshore is expected to experience a lower level of lowaltitude air traffic than considered in the 2003 Determination.

73

Radar setup and on-board radar location are factors that influence radar signals as well.
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7.2.3.1.1 Construction and Installation / Decommissioning
The C&I and decommissioning phases of the Project are not expected to impact aviation radar. In the
early stages of development, the construction vessels and equipment used will appear to aviation radar
as would any large-scale sea surface activity that occurs on a regular basis. As the WTG towers are
erected, the Project will begin to extend into the radar-detectable airspace of low flying aircraft (those
flying below 600 m [2,000 ft]). WTGs that are fully erected but not yet operational should be viewed in
the same manner as noted below in the O&M phase and be marked accordingly (see Section 5.4).
7.2.3.1.2 Operation and Maintenance
Once operating, the WTGs are expected to be visible on the radar systems of low flying aircraft. As
noted in the 2002 US Department of Transportation (“USDOT”)-FAA finding (FAA-NER, 2003), similar
wind farm evaluations resulted in a “Determination of No Hazard to Air Navigation” for a wind farm in
Nantucket Sound, and it is expected that the Project will have even less impact to aircraft systems than
that referenced project, as it was closer to shore and affected airports than the Project.
7.2.3.2 Military
As with the commercial and civilian aviation systems in the area, the Precision Acquisition Vehicle
Entry/Phased Array Warning System (“PAVE/PAWS”) installation at JBCC was reviewed in 2004 (USAF,
2004). United States Air Force (“USAF”) radar experts at the JBCC reviewed WTGs in Nantucket Sound
with respect to the operation of its PAVE/PAWS system on Cape Cod. In 2004, the USAF determined
that the WTGs posed no threat to the operation of the PAVE/PAWS radar system. Given that the WDA is
located approximately 55 km (30 nm) farther offshore than the WTGs studied by the USAF, it is
anticipated that the WDA will not interfere with the operation of the PAVE/PAWS system at JBCC.
7.2.3.2.1 Construction and Installation / Decommissioning
Similar to the C&I/decommissioning phase impacts to commercial and private aircraft in the region, the
C&I/decommissioning phase is not expected to impact military aviation radar. As with the commercial
aviation considerations, in the early stages of Project development the construction vessels and
equipment used will appear to military aviation radar as would any large-scale sea surface activity that
occurs on a regular basis. As the WTG towers are erected, the Project will begin to extend into the
radar-detectable airspace of low flying military aircraft such as those flying below 600 m (2,000 ft).
WTGs that are fully erected but not yet operational should be viewed in the same manner as noted
below in the O&M phase and be marked accordingly on charts and be lighted in accordance with IALA
requirements (see also Section 5.4 above).
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7.2.3.2.2 Operation and Maintenance
There is expected to be no impact to military aircraft radar from the Project once it is operational. The
WTGs are expected to be visible on the radar systems of low flying aircraft, including low flying military
jets and military helicopters. As noted in a USDOT-FAA 2002 report (FAA-NER, 2003), similar wind farm
evaluations resulted in a “Determination of No Hazard to Air Navigation” for a wind farm in Nantucket
Sound, and it is expected that the Project will have even less impact to aircraft systems than that
referenced project, as it was closer to shore and affected airports than the Project.
7.2.4 Cumulative Effects on Radar
A review of available information concerning cumulative impacts of offshore wind farms on radar
revealed that there is currently little published information concerning cumulative effects (neither in
U.S. nor in European literature). The most recent evaluation of cumulative offshore wind farm impacts
was published by the New York State Energy Research and Development Authority (“NYSERDA”) as part
of its New York State Offshore Wind Master Plan (December, 2017), which included a “Consideration of
Potential Cumulative Effects” document. In that document, researchers recognize that some impact on
radar from offshore wind farm components is expected. NYSERDA states: “During operation, impacts on
radar within and near WTGs can mask real structures or produce false echoes.” The document also
notes that “The USCG found moderate impairment to radar of vessels operating within the array but
concluded that the impact could be reduced through mitigation. Typical mitigation measures identified
included traffic management measures, such as recommended vessel routes and specially marked traffic
lanes, establishment of a control center to maintain monitoring during operation, and educational
measures to provide mariners information on navigation safety issues related to travel within and near
the wind farm” (NYSERDA, December, 2017, page A-31).
In a research study for the Department of Energy (“DOE”), scientists at the University of Texas at Austin
evaluated the impact of large wind farms on various parameters, including radar. The paper indicates
that “marine navigation radars and ocean monitoring HF sensors may experience interference under
certain proximity and operating conditions as the result of typical wind farm configurations” (Ling,
Hamilton, Bhalla, Brown, Hay, Whitelonis, Yang, Naqvi. 2013, p. 28).
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As noted in the documentation provided in section 7.2 above, wind farm WTGs can affect marine radar
by imparting “echoes” and “ghosting” of signal returns related to the presence of WTGs in the water.
However, no documentation in the literature could be found to suggest that there are multiplicity
effects when wind farms are built near each other. If a mariner were to traverse through a larger area
of wind farm (for instance if one Wind Farm were built adjacent to another), based on the information
noted from the documents referenced above, it is expected that some backscatter and multiples would
likely be present on radar records. While traversing through the (larger) area the mariner would have to
pay close attention to the larger array of wind turbines, which (depending on the mariner’s knowledge
and expertise with reading radar signals from WTG's) might result in reduced transit speed and thus a
longer travel time. This effect is considered minor. In assessing potential impacts of a large-scale
project, NYSERDA included a notation that impacts to Radar of a large Wind Farm would be “minor”
(NYSERDA, December, 2017, page 17).
7.3 Positioning Systems
Prior to the advent of GPS, mariners would navigate using charts, compasses, and position tracking
methods. Today, GPS systems are commonplace and used by most mariners traveling by vessel for any
appreciable distance. GPS systems allow mariners to track their position in real time to a high degree of
accuracy (generally within 1 m [3 ft]), significantly improving vessel location data used for navigation.
Information concerning GPS systems and the potential Project effects on GPS navigation is discussed in
the sections below.
7.3.1 Positioning Systems Communication
Positioning and navigation systems utilized by mariners commonly include GPS to augment traditional
compass heading and other navigation techniques. GPS consists of a precise antenna that receives
signals from multiple orbiting satellites and triangulates a position and elevation on the surface of the
earth. GPS systems are considered standard equipment on commercial vessels and are becoming
increasingly popular with recreational boaters. These systems allow for easy navigation as they can
continuously track a vessel’s position in real space and plot that position on a digital chart. By
considering the plotted path the vessel has passed, a mariner can project the position of the vessel with
a high degree of confidence and thus predict the future path of the vessel. Of the constellation of 24
satellites orbiting the earth, a GPS antenna can lock on to as many as nine or ten at a time to establish
an accurate position. The more satellites that a GPS receiver can lock onto, the more accurate the
position calculated. Positions calculated using seven satellites or more are generally considered
accurate to within a tenth of one meter (0.3 ft). The latest generation systems can provide reasonably
accurate position information with as few as four satellites in view. At fewer than four satellites, the
accuracy of the positions calculated degrades.
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GPS systems operate by line-of-sight; in other words, GPS receivers must be able to “see” the
transmitting satellites in order to properly calculate an accurate position. During periods of low GPS
satellite coverage, mariners may experience loss of position accuracy. While this situation occurs less
and less frequently as the fidelity of the receivers and satellite technology improves, mariners may at
times need to revert to traditional dead-reckoning and compass based navigational methods for the
generally short periods that GPS systems may lose signal.
7.3.2 Construction and Installation / Decommissioning Impacts on GPS Navigation
As with radio communications and radar equipment, construction and installation activities are
expected to have no effect on GPS equipment. GPS is basically a passive system for measuring satellite
signals. Increased traffic due to the number and size of vessels in the region due to the construction
activity will occur, however the increased number of vessels using GPS for navigation in the area should
have no impact on the ability of boaters to navigate using GPS. Impacts from the decommissioning
phase of the Project are expected to be similar to those of the C&I phase, and so they are not detailed
further herein.
7.3.3 Operation and Maintenance Impacts on GPS Navigation
As GPS systems operate as passive receivers of satellite signals, they are typically not impacted by slight
magnetic or electromagnetic field (“EMF”) variations. GPS signals can be impacted by the presence of
large structures or terrain between the satellite and the GPS receiver. These large structures can create
“GPS shadows” that can impact GPS system performance and accuracy. Typical large structure
interference can come from large buildings or heavy foliage that impedes the ability of the GPS receiver
to “see” the satellites. As wind towers, such as those contemplated for the Project are narrow vertical
structures, they are not expected to have any impact on a GPS receiver’s ability to “see” satellites unless
the GPS receiver is placed directly adjacent to a WTG tower in the shadow zone of the satellite
constellation. As this is anticipated to be both a temporary and unlikely condition, it is anticipated that
O&M phase will have little or no impact on positioning systems.
7.3.4 Cumulative Effects on Positioning Systems
A review of available information concerning cumulative impacts of offshore wind farms on GPS systems
revealed that there is currently little published information concerning cumulative effects. However, as
noted in Section 7.3.3 above, WTGs are narrow structures that are expected to have little impact on GPS
Navigation systems.,
7.4 Electromagnetic Interference
EM interference can be caused by operating electrical systems. A review of the EM effects of the Project
on systems related to marine navigation is presented in the following sections.
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7.4.1 Electromagnetic Fields
EMFs are generated when electrical systems are operating and/or when electrical cables are energized.
In general, the EM signals generated through the operation of electrical systems are very weak.
Elevation of the electrical systems generating the EMFs buffers the EMF strength. Burial of cables has a
similar effect of generating electromagnetic fields (NIEHS-NIH, 2002).
A 2012 study of potential EM effects was conducted as part of the Block Island offshore wind project
(Tetra Tech, 2012a). The study was completed by the electrical engineering firm Exponent, Inc., and
concluded that EMFs generated by that facility would be very weak and would be comparable to
common low-voltage and low-current electrical distribution cables on land.
While the WTGs are electrical power generating devices, due to shielding and electrical efficiency
efforts, they are not expected to generate any stray EMFs in the air. The potential for the offshore cable
system to generate EMFs does exist, however these fields are expected to be very weak. The offshore
cable system will consist of insulated, armored, and shielded three-conductor bundled cable carrying 60
hertz (“Hz”) alternating current (“AC”) current and will be placed in and buried in trenches.
7.4.2 Construction and Installation / Decommissioning
No EMF impacts are expected during the C&I phase. Impacts from the decommissioning phase of the
Project are expected to be similar to those of the C&I phase, and are not further detailed.
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7.4.3 Operations and Maintenance
The extremely weak EMFs that may be associated with the offshore cable system are not expected to
have any impact on telecommunications, navigation equipment, or environmental systems. As noted
above, the offshore cable system could generate EMFs. However, the cables will be buried beneath the
seabed (in trenches) and covered over. The cables themselves are armored, shielded, insulated, and
bundled, thus, it is expected that EMF generation will be minimal. Any weak EM fields generated will be
AC fields, and will not impact compass navigation, which relies on the earth’s direct current (also known
as DC) magnetic field. Results of the Exponent (2012) report indicate that any EM fields that may be
generated by submarine cables buried in the seabed will decrease rapidly through the water column
from the point of origin, and any magnetic field that reaches the sea surface will be far weaker than the
EMFs generated from the electrical equipment operating on vessels in the area.
7.4.4 Cumulative Effects on EMF
A review of available information concerning cumulative impacts of offshore wind farms on EMF
revealed that there is currently little published information concerning cumulative effects, either in the
U.S. literature or in the European literature. As noted in Section 7.4.3 above, the kind of weak
electromagnetic fields present around the WTGs and the submarine cables are expected to have little
impact on navigational tools (such as compasses or radar). There is currently no information that
suggests that the EMF from a large number of turbines will have a magnifying effect.
7.5 Sound Signals, Noise Generation and Sonar Interference
Noise and sound vibrations occur during the construction and operation of any large-scale system in the
marine environment. Noise will be generated at various levels by the Project, but is expected to
dissipate rapidly with distance from the work zones. As such, no appreciable impacts are expected. The
following sections describe the Project sound, noise, and sonar effects that are anticipated as part of the
installation and operation of the Project.
7.5.1 Sound Signals, Noise Generation and Sonar Interference Description
Noise and sound generation will occur during each phase of the Project. Numerous studies have
reported the likely sources and ranges of sound and noise generated during marine construction.
Studies conducted for other similar marine construction projects where large scale steel structures were
to be installed into the seabed indicated that noise levels in air dissipated rapidly from the source. A
study by Tetra Tech (2012b) as part of the Block Island offshore wind project, and a study by Jasco
(Matthews & Zykov, 2013) as part of the Marine Commerce Terminal construction in New Bedford
evaluated both the in-air and in-water noise and vibration components of the “noisiest” construction
activities (pile driving and pile advancement). The in-air acoustics studies conducted as part of those
projects indicated that sound levels in the 110-128 decibel (“dB”) range just below the Occupational
Safety and Health Organization (“OSHA”) standard exposure limits of 140 dB (OSHA Standard 29 C.F.R. §
1910.95(b)). In-water vibrational energy transmission was found to be within acceptable levels when
acoustic damping engineering controls were applied.
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7.5.1.1 Construction and Installation / Decommissioning
The largest sources of noise that may impact the ability of mariners in an area to hear audible ATONs
were reviewed (such as buoy gong, etc.). According to the Tetra Tech (2012b) study results, sound
attenuation from impact pile driving attenuates in air over the water, and expected noise levels
experienced by boaters 1.9 km (1 nm) from the construction zone would be less than 60 decibel Ampere
(“dBA”), or the equivalent noise given off by a passenger car travelling at 29 m/s (65 miles per hour).
Underwater noise due to the installation of foundation units for the turbines is also expected, however,
the noise is expected to be heavily damped, and by the time it reaches the air-sea interface would be
equivalent to or less than the noise generated by a vessel that normally operates in the area. At this
level, the noise would not negatively impact the hearing of a mariner or vessel operator (Lurton, 2002).
Impacts from the decommissioning phase of the Project are expected to be similar to those of the C&I
phase, and are not further detailed.
7.5.1.2 Operations and Maintenance
Studies on the sound and vibrational impacts of operating wind turbines indicate that spinning WTGs
generate acoustic waves within the air and low frequency vibrations in the water. The combination of
these factors will result in a slight increase to the background noise levels within approximately one
kilometer (0.5 nm) of the WTG.
7.5.2 Sonar System Effects
Sonar systems are commonly used by vessels to determine the depth to the bottom of the waterway
beneath or in the vicinity of operation. Commonly referred to as “depth sounders” or “echo sounders”,
mariners have been relying on these instruments for decades to accurately determine the depth of
water under the hull of a vessel. The systems operate by vibrating an in-water transducer at a specific
frequency (typically in the 2-200 kilohertz [“kHz”] range) and recording the time it takes for the initiated
signal to traverse through the water column, reverberate off of the waterway bottom, and return to the
transducer. Electronics and software associated with the instrument convert the travel time of the
initiated vibrational energy (using an average speed-of-sound-in-water) to calculate a distance to the
bottom below the vessel. Most hydrographic operations use a 200 kHz transducer, which is suitable for
inshore work up to 100 m (328 ft) in depth. The technology has advanced dramatically as computing
power has increased, and the systems have become progressively accurate and multi-functional.
Today’s depth sounders have the ability to detect objects in the water column as well as the waterway
bottom, and can be used to identify locations of fish and fish schools. As a result, “fish-finder” echo
sounders have become popular with both recreational and commercial fishermen. The revolution in
depth sounding electronics has also impacted the marine survey industry, and many types of sonarrelated bottom and sub-bottom imaging equipment are used today to map the bottom of the ocean and
the sediments on the ocean bottom.
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7.5.2.1 Construction and Installation / Decommissioning
The vibrations emitted from the Project are several order of magnitude less (fewer dB) than the
vibrational energy utilized by commonly available commercial sonar and fish-finder technology (Lurton,
2002). As such, the vibrational energy emitted by operating WTGs is not expected to have any
deleterious effects on sonar systems that mariners utilize to aid their navigation (such as depth sounders
and fish finders). This, coupled with a reasonably high rate of signal absorption as sound travels through
water, indicates that vibrational energy associated with operating turbines is likely to be
indistinguishable from background at any appreciable distance from the operating wind turbine. As
such, the risk of operating wind turbines having an impact or masking sonar systems to the extent that
the devices are negatively influenced is very low. Impacts to sonar from the decommissioning phase of
the Project are expected to be similar to those of the C&I phase, and not detailed further herein.
7.5.2.2 Operations and Maintenance
The Project will use eight to 10 MW turbines (Epsilon, 2017a). Measurement of sound generation from
similar systems in Europe have shown that sound levels in the 100-120 dBA may be experienced at the
source (directly at the operating turbine), but will attenuate rapidly to a level of less than 50 dBA at a
distance of one kilometer (0.5 nm) from the source. The US Environmental Protection Agency noise
level guidance for outdoor recreation areas calls for a 55 dBA threshold. As such, noise of 50 dBA
generated from the operation of the Project is highly unlikely to have any impact on mariners operations
in the area of the Offshore Project Area and is unlikely to have any deleterious health effects on passing
vessel crew or passengers.
7.5.3. Cumulative Effects on Sound and Sonar
A review of available information concerning cumulative impacts of offshore wind farms on sound and
sonar revealed that there is currently little published information concerning cumulative effects (neither
in U.S. nor European literature). As noted in Section 7.5.6 above, the kind of low level sound fields
present around the WTG’s are expected to have little impact on survey or sonar equipment. There is
currently no information that suggests that the sound and sonar fields from a large number of turbines
will have a magnifying affect. Ling et al. conclude in their paper titled: “Assessment of Offshore Wind
Farm Effects on Sea Surface, Subsurface and Airborne Electronic Systems” that, “due to the virtual
absence of noise exceeding background levels radiated underwater by wind turbines at frequencies
above 1 kHz, interference with underwater acoustical systems is deemed to be unlikely at such
frequencies” (Ling, et al, 2013, p. 28). There is currently no information that suggests that the sound
and sonar fields from a large number of turbines will have a magnifying effect.
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8 Summary of Proposed Mitigation Strategies
Some aspects of the construction and operation of the Project have the potential to increase the risk to
navigation safety in the area. Mitigation measures have been developed to effectively minimize or
control the risk to those aspects. These measures have been shown to minimize risk in similar projects.
Mitigation measures to reduce risk to safe navigation have been grouped into two Project phases:
construction / decommissioning and O&M. Furthermore, activities within the WDA and within the OECC
have been analyzed separately. As described in Section 5, for each phase a change analysis was
conducted to evaluate the change from baseline or normal activities at the site from the construction or
operation of the Project. In the case of identified increased risk, risk control strategies were developed
and the risk re-evaluated in accordance with the USCG’s risk-based decision making guidelines. The
complete change analysis can be found in Appendix A, Table A-1.
The USCG recommends that design standards of adjacent wind farms are aligned to follow the design of
the first permitted project. Therefore, adjacent offshore wind projects would follow a similar symmetry,
which is expected to minimize potential cumulative impacts from adjacent offshore wind farms.
8.1 Construction / Decommissioning Phase
Based on the Risk Based Decision Making Guideline, a change analysis was conducted for the Project’s
construction phase. Risks during the decommissioning phase are anticipated to have similar effects.74
The change analysis found that construction operations would result in the following differences from
normal operations in the area during the time of construction (see change analysis in Appendix A, Table
A-1):
 Increased vessel traffic near WDA and surrounding waterways.
 Increased traffic between New Bedford (primary staging port) and WDA.
 Moderate traffic increase between port in Rhode Island (secondary staging port) and WDA.
 Possible gear conflict
 Possible interference with Quonset Point / New Bedford / Woods Hole ferry operation to
Martha's Vineyard and Nantucket (seasonal)
 Interference with commercial and recreational traffic transiting during cable-laying
operations
 Radio communication might be minimally delayed (if at all) - however minimal traffic and
SAR cases in this area
 Possible impacts to radar communication
 Potential impacts to marine events (e.g. regattas and races) or commercial fishing
operations
74

A new risk assessment would be conducted specifically for the decommissioning phase to factor in any Project
and environmental changes.
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These differences with the normal state may potentially cause negative effects, including increased
likelihoods of a marine casualty, possible pollution, and injury or death to mariners. Possible
interference with commercial and recreational traffic during cable-laying operations at the WDA and
OECC could have negative impacts which, in the worst case (e.g., coupled with human error), might
result in vessel collision, possible oil spills, injury or death. Given a high seasonality of vessel traffic both
in Nantucket Sound (52% of all 2016 AIS vessel transmissions were reported in the summer months) and
in the WDA (54.6% seasonality), the risk of collision is increased during the summer months (see Section
4.4). Possible impacts or delays to port operations in New Bedford may arise due to the increased traffic
volume within the harbor and through the approach channel.75 Possible gear conflict may arise for
fishermen in the WDA or OECC during C&I. Ferry operations to Martha’s Vineyard and Nantucket may
be impacted by construction vessels and during cable-laying operations resulting in a risk of collision and
possible schedule delays. Radar communication outside of the WDA may be impacted possibly causing
false echoes as soon as the first tower structures are installed. USCG missions are likely only to be
slightly impacted by the Project, as the area is remotely located and very few SAR cases have occurred in
the area. However, during C&I situations may arise were Project vessels could slightly impede SAR
operations, e.g., when transporting components to the Offshore Project Area. Radio communication
might be slightly affected (if at all) by the constructed elements. Furthermore, marine events and
commercial fishing operations may be marginally impacted by the construction that may result in
negative publicity for the Project.
Risk control strategies to minimize potential adverse effects were developed. A key factor to minimize
risk on all of the above issues is ongoing effective communication and relay of information of all
stakeholders on Project activities and operations. Communication and coordination with fishermen has
been a key part of the Project Development since 2011. The Project incorporated feedback from the
fishing community into their turbine layout design, submarine cabling, and foundation design to
accommodate for known fishing and/or transit locations. As part of the Fisheries communication plan,
communication protocols and procedures for emergencies will be developed and shared with the fishing
industry. Fishermen will receive thumb drive electronic charts, showing lease area and areas of work
offshore to allow for easier orientation and to minimize potential gear conflict. Project information will
be conveyed through NTMs, broadcasting of local NTMs, and local media. Furthermore, prior to
construction, a dynamic website with Project information will be set up. This website will be updated
regularly to display the construction zone, scheduled activities, and specific Project information. The
website may contain tips for safe navigation at sea.
A temporary safety zone will be established during construction in active construction areas to reduce
the risk of collision and injury. A flexible temporary safety zone around the construction site is proposed
instead of one exclusionary zone around the whole WDA. This flexible zone, requiring vessels to keep
75

Given very busy approach routes to ports in Rhode Island, construction vessels would only slightly increase the
traffic flow.
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clear of the active construction site, would move or grow with the construction work area, allowing
fishermen and other stakeholders to make use of certain areas of the WDA that are not yet under
construction. The OECC is highly traversed by ferry traffic to Nantucket Island along with commercial
and recreational vessels traveling between the mainland and the Islands. Furthermore, ferries running
from Quonset Point / New Bedford / Woods Hole to Martha's Vineyard and Nantucket (seasonal) may
be impacted by the construction vessel traffic. In addition to the temporary safety zone, a
communication plan is proposed for cable-laying operations and to engage ferry operators and other
identified stakeholders in the discussion around these activities. A Marine Coordinator will be hired to
manage all construction vessel logistics and act as a liaison with the USCG, port authorities, state and
local law enforcement, marine patrol, and commercial operator(s) during construction. By keeping
informed of all planned vessel deployment, the Marine Coordinator will assist with coordination with
ferry operators, as needed.
Temporary PATONs will be installed as part of the Project construction sequence to ensure that the
WTGs and ESPs in the WDA are clearly marked for mariners. Temporary PATONs will be added to
vertical foundation/transition structures and WTGs as the Project is constructed.
Coordination with the Northeast Marine Pilots Association has been initiated to ensure continued safe
navigation to port sites through the harbor channel, e.g., to the Port of New Bedford or through the TSS
and within Nantucket Sound. During cable-laying operations traffic may be diverted. It is recommended
that the Northeast Marine Pilots Association and USCG along with the ferry operators and other marine
stakeholders collaborate on and coordinate construction and ferry schedules. Further communication
protocols to ensure traffic safety for all mariners during this time shall be established. Specific NTMs,
traffic broadcasting, and media broadcasting shall be issued during the cable-lay operations, in addition
to live updates on the Project website.
Another element of the construction process possibly requiring mitigation is the increase in large size
vessel traffic (construction vessels) causing possible delays both to port operations at the Port of New
Bedford or other staging ports and to construction operations. Current port practices typically restrict
the traverse through the hurricane barrier (with an opening width of 45 m [150 ft]) to one large vessel at
a time. The Harbor Police of Fairhaven and New Bedford regulate vessel traffic in those instances.76 At
the busiest time of construction it is anticipated that up to 41 additional vessels will be traversing in and
out of the Port of New Bedford (or a similar port) at a time. Vineyard Wind’s Marine Coordinator will
manage the Project’s marine logistics and traffic coordination between the staging ports and the WDA.
Furthermore, a vessel traffic management plan will be established to schedule construction activities in
a manner that aligns the current port activities of the vessels operating in the harbor daily with the
construction activities to minimize risk to navigation and delays. A traffic management plan by USACE is

76

Personal communication with Port Director of New Bedford, 11/21/17.
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already in place regulating the passing of large vessels (larger than 20 m [65 ft]) through the 107 m [350
ft] wide approach channel leading up to the New Bedford hurricane barrier.
The Project has been engaging stakeholders including fishermen and race organizers, e.g., MarionBermuda or Newport-Bermuda race who are traversing the WDA. Vineyard Wind is committed to
mitigating effects of construction and operation activities on major annual regattas and marine events
as well as coordinating construction activities with fishermen for the use of seasonal fishing hot spots. A
Fisheries Representative and Fisheries Liaisons area in place and a communication plan with local
fishermen is being implemented. 77
While only minimal radio communication delays are to be expected, the Project will develop a
communication plan with working channels for construction vessels and crisis communications plans.
Coordination will include USCG and other relevant authorities.
An element of the construction process that will require mitigation to reduce risk to navigational safety
is radar communication. Research has shown that beginning with the later part of the construction
phase, e.g., once foundations, transition pieces, and towers have been placed, false radar echoes may
be experienced. In the Kentish Flat Study, 30% of vessels have experienced false radar echoes. However,
false signal readings for a vessel vary based on several factors including equipment setup etc.). This
increased risk to navigation could lead to a vessel colliding with a turbine structure such as a foundation
or tower. In addition to establishing temporary safety zones around the WDA, WTGs will be equipped
with AIS transponders ; this shall assist mariners in their orientation even if radar signals may be
impaired. AIS transponders are based on VHF mobile bands, which have not shown any impacts from
wind farms. Furthermore, sound devices will be placed at selected structures to minimize the risk of
potential allision. Additionally, it is suggested to make (online) trainings on how to read false radar
echoes available to local mariners.

77

Fishermen may receive a thumb drive with the location of the wind farm marked on a chart on it to ensure safe
navigation.
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8.2 Operation Phase
Based on the Risk Based Decision Making Guidelines, a change analysis was conducted for the Project
operation phase (see Appendix A-1). Operations procedures will be subject to continuous review.
Additional measures identified to improve safety and efficiency shall be implemented. The change
analysis has shown that the operations phase of the Project would result in the following differences
from normal operations in the Offshore Project Area:



Potential for interference of Project with USCG missions, e.g., aviation assets during SAR
case, Law Enforcement or other surveillance missions; and
Interference with fishing activities and possible gear conflict.

In an effort to mitigate the minimal risk associated with a vessel transiting or fishing in the vicinity of the
WDA, the WTGs and substations will be lit, marked with high-visibility paint, and outfitted with AIS
transponders, reflecting panels and unique identifiers, as described in Section 5.4.2. Sound signals will
be used on selected peripheral WTGs and AIS transponders will be used on all WTGs or as
recommended in consultation with the USCG to allow for accurate location tracking even during
conditions of limited visibility (see Section 5.4.2). Furthermore, four floating buoys are proposed at the
four extent corners of the WDA. These floating buoys will follow IALA guidance for buoyage as “Special
Marks” (Sealite, nd). In reference to IALAs Maritime Buoyage System, these buoys will appear as yellow
floating buoys extending 3 m (~10 ft) above the sea surface with a tiered derrick-shaped cross-section,
capped by a yellow “X” at the apex of the buoy. The buoys will be assigned buoy numbers, which will be
marked on the side of the buoys and clearly visible. The buoy will be outfitted with a flashing yellow
light that will flash in a sequence that is unique from other lights in the area (Sealite, n.d.; Oten
Maritime, 2018). Buoys will be anchored using a 1.5 ton clump anchor or equivalent (see Figure 8.2.1
below for example anchoring system and Figure 8.2.2 below for picture of Special Mark Buoy example).

Figure 8.2.1: Clump Anchor System Example
for reference – actual anchor to be specified
in final buoy design. (OTEN Training Manual,
nd).
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Figure 8.2.2: Photo of Special Mark Buoy
Example for reference – buoy details to be
specified in final buoy design (Sealite Buoy
Systems Manual, nd).
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The Project includes two preferred corridors from NW to SE and NE to SW through the WDA that
consists of a widened lineal corridor separating WTG structures by a distance of 1.8 km (1 nm). A
monitoring plan for the PATONs will be developed and implemented to make sure any deficiencies can
be addressed promptly to provide for safe navigation in and around the vicinity of the WDA.
The potential for interference with USCG missions will be mitigated through emergency shutdown
procedures in case of USCG aviation operations that may be disturbed by the wind farm.
Interference with fishing activities and possible interference with marine events will be mitigated
through lighting and marking of the WTGs, as described above, along with updated charts and NTMs. In
case of races or regattas such as the Marion-Bermuda race Vineyard Wind will coordinate efforts with
the event sponsors to ensure safe navigation around the WDA.
As described in Appendix III-E, Vineyard Wind will consider measures that generate beneficial impacts to
the fishing industry to offset adverse impacts to affected fishing communities. Vineyard Wind will also
develop procedures for handling compensation to fishermen for potential gear loss and the loss or
reduction of income to fishermen impacted by the lessee. The level of financial support would require
detailed discussions between the impacted fishing community and Vineyard Wind (see Appendix III-E for
details).
NTMs and detailed communication with local marinas shall ensure safety of mariners in the WDA.
Notices to mariners shall advise as to safe boundaries surrounding the WDA in case of cold weather
(potential of ice fragments forming on the blades) and as to height restrictions around turbines. NOAA
charts will be marked with unique identifiable turbines and ESPs. Furthermore, it is suggested that
NOAA charts will advise on overhead clearance within the WDA.
Risk control strategies arising from the operation phase change analysis, include the publishing of NTMs
and chart updates along with the placement of potential PATONs in coordination with regatta event
organizers ahead of race events. While the potential for interference with USCG missions is limited (see
Section 6), emergency shutdown control mechanisms may be deployed so as not to impede SAR
operations.
As shown in Section 5.4.3, the traffic increase from O&M vessels departing from a port on Martha’s
Vineyard or the New Bedford Terminal for routine checks and small repairs once per day to the WDA is
minimal and does not substantially increase the traffic in the Offshore Project Area. Additionally, traffic
increase from a port used by a contracted vessel for turbine replacements will happen very infrequently.
Vineyard Wind will develop a coordination plan with the contracting port harbor masters, port
authorities, USCG, local pilots and, other stakeholders to assist vessels maneuvering in and out of the
maintenance port during infrequent large-scale repairs.
In summary, the Project installation and operation will only create minor impacts to navigational safety
at the Offshore Project Area. During the construction phase, traffic at the associated port sites and
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approach channels will see a significant increase in vessel traffic with up to 41 construction vessels
entering the port(s) on a daily basis, resulting in an increased risk to navigation. Within the OECC, up to
eight cable-laying vessels will provide an increased risk to navigation safety. By implementing the
proposed mitigation measures, including the establishment of communication and safety plans, along
with continued stakeholder engagement, possible negative impacts from the Project can be reduced
and navigational safety will be maintained during all phases of the Project. Furthermore,
communication protocols and emergency procedures established as part of the fisheries communication
plan will be shared with the fishing industry and are expected to minimize risk and potential gear
conflicts.
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Navigational Risk Assessment for Vineyard Wind
Appendix A Change Analysis: Construction and Installation Phase (C&I)
APPENDIX A Table A-1: Change Analysis for Vineyard Wind’s Lease Area.
Change Analysis for Vineyard Wind's Lease Area: Construction and Installation Phase (C&I)
Potential Effects

Recommended Risk Control Strategies

Differences from Normal Port Activities
Prevention Requirements
●
●

Increased vessel traffic near WDA and surrounding
waterways. On average 18 vessels per day, worst
case: about 50 vessels traversing to WDA on a daily
basis

●
●
●

Increased likelihood of marine casualties
occurring between Project vessels and
other recreational or commercial vessels
(e.g. fishing, cargo or tanker vessels).
Transit delays that may impact port
operations.
Oil release due to a marine casualty or
operational accident.
Personal injury or loss of life from a
marine casualty

●
●

●

●
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Surveillance Actions

Establish temporary safety zones during
construction to prevent vessel traffic near
construction areas (recommendation by Ed
LeBlanc, USCG).
Publish and broadcast local NTMs; notify local
media and port communities
Coordinate with USCG and State officials for
Ensure construction vessels have access to
assistance in monitoring offshore project
adequate spill response assets and resources
interference.
in close proximity
Establish and coordinate with USCG on SAR
evacuation plans and/or crisis communication
to expedite injury cases
Establish one website with dynamic project
information to be updated daily.
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Change Analysis for Vineyard Wind's Lease Area: Construction and Installation Phase (C&I)
Potential Effects

Recommended Risk Control Strategies

Differences from Normal Port Activities
Prevention Requirements
●
●
●
●

Increased traffic between New Bedford (primary
staging port) and WDA. On average 19 construction
vessels per day at the port, worst case: 41.

●

●
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Increased navigational safety risk at the
approach channel to port and within
port
Commercial vessels and recreational
vessels (during boating season) may
interfere with construction vessels.
Possible delay of regular port operations
(New Bedford) or construction
operations

●

●

●

Surveillance Actions

Publish a NTM; broadcast local NTMs.
Notify local media and port community.
Plan meetings with local pilots to coordinate
efforts.
Establish communication website with
dynamic project information to be updated
daily.
Marine Coordinator (liaison with the USCG,
Maintain proper lookouts on construction vessels
port authorities, law enforcement, marine
during transit to offshore project site.
patrol, and commercial operator) will assist
with vessel traffic coordination.
Develop traffic management plan for vessel
operations within the harbor of New Bedford
to minimize delays and promote safe
navigation within the harbor during
construction.
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Change Analysis for Vineyard Wind's Lease Area: Construction and Installation Phase (C&I)
Potential Effects

Recommended Risk Control Strategies

Differences from Normal Port Activities
Prevention Requirements

●
Increased traffic between port in Rhode Island,
Connecticut, or Massachusetts (secondary staging
port) and WDA. Up to 3-4 vessels would be
traversing to secondary port daily.

●

Increased navigational safety risk at the
approach channel to port and within
port
Commercial and recreational vessels
(during boating season) may interfere
with construction vessels.

●
●
●
●

●

●
●
●

Potential of fishing gear conflict

●

Fishing activities might be impacted

●

●
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Publish a NTM; broadcast local NTMs.
Notify local media and port community.
Plan meetings with local pilots to coordinate
efforts.
Establish communication website with
dynamic project information to be updated
daily.
Marine Coordinator (liaison with the USCG,
port authorities, law enforcement, marine
patrol, and commercial operator) will assist
with vessel traffic coordination.
Establish temporary safety zones
Publish a NTM; broadcast local NTMs.
Establish communication website with
information on construction sites and
schedule to be updated regularly.
Continue engagement with local fishermen
through Fisheries Representative and
Fishermen Communication Plan.
Establish communication protocols and
procedures for emergencies

Surveillance Actions

Maintain proper lookouts on construction vessels
during transit to offshore project site.

Maintain proper lookouts on construction vessels
during transit to offshore project site.
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Change Analysis for Vineyard Wind's Lease Area: Construction and Installation Phase (C&I)
Potential Effects

Recommended Risk Control Strategies

Differences from Normal Port Activities
Prevention Requirements

Possible ferry service interference between
Quonset Point, New Bedford, and Woods Hole to
Martha's Vineyard and Nantucket (seasonal).

Increased risk of collision between project vessels
and ferries, scheduling delays, and longer trip
times during summer months.

●
●
●
●

●

Interference with commercial and recreational
traffic transiting during cable laying operations.

Increased risk of collision occurring between
project vessels and other commercial vessels
(e.g., ferries to Martha's Vineyard and Nantucket,
recreational boaters, fishing vessels).

●
●
●

●
Radio communication might be minimally delayed
(if at all)
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Minimal communication delays may affect SAR
response (however minimal SAR cases were
reported in the WDA)

●

Surveillance Actions

Publish a NTM; broadcast local NTMs.
Notify local media and port community.
Plan meetings with local pilots and ferry
operators to coordinate efforts.
Establish communication website with
dynamic project information to be updated
daily to minimize risk and schedule delays.

Maintain proper lookouts on construction vessels
during transit to offshore project site.

Establish temporary safety zones around the
cable routes.
Publish a NTM; broadcast local NTMs.
Notify local media and port community.
Establish communication website with
dynamic project information to be updated
daily to minimize risk and schedule delays.

Maintain proper lookouts on construction vessels
during transit to offshore project site.

Develop a communications plan to include
working channels and crisis communications
that includes USCG and relevant State
authorities.
Establish one website with dynamic project
information to be updated daily.

Test the communication plan on an ongoing basis.

181

Navigational Risk Assessment for Vineyard Wind
Appendix A Change Analysis: Construction and Installation Phase (C&I)
Change Analysis for Vineyard Wind's Lease Area: Construction and Installation Phase (C&I)
Potential Effects

Recommended Risk Control Strategies

Differences from Normal Port Activities
Prevention Requirements

●

RADAR communication
●

Sensitivity issues during cable-laying (i.e.,
disruption of marine events and commercial or
fishing vessels).
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●
●
●

During later part of foundation
construction phase increased impact
from Radar outside of the WDA on
vessels approaching are likely;
Literature suggests there are no
multiplicity effects on cumulative radar
impacts (from adjacent wind farms)

Possible impact to marine events;
Potential for protests;
Potential for negative publicity directed
at Vineyard Wind.

●
●
●

●

●

Establish temporary safety zone around the
WDA.
Have reflective panels and lighting on
platforms
Establish one centralized organization source
(e.g. Fishermen Representative) for
centralized communication.

Surveillance Actions

Coordinate with USCG and State officials for
assistance in monitoring offshore project
interference.

Coordinate with event sponsors to de-conflict
potential disruptions caused by construction
Monitor news media to watch for developing
operations.
issues.
Establish one website with dynamic project
information to be updated daily.
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APPENDIX A Table A-1 (continued): Change Analysis for Vineyard Wind’s Lease Area.
Change Analysis for Vineyard Wind's Lease Area: Operation and Maintenance Phase (O&M)
Potential Effects

Recommended Risk Control Strategies

Differences from Normal Port Activities
Prevention Requirements
●
Slight Interference with USCG missions in case of
rescue.

Maintenance vessels will lead to minimal traffic
increase of up to three trips per day (during
summer) around Project Site or within adjacent
waterways.

Minimal traffic increase between port used by
contracted MPV and WDA.

CLARENDON HILL CONSULTING, LLC

Turbines may interfere with USCG aviation assets
during SAR case, Law Enforcement or other
surveillance missions.

Minimum traffic increase of up to three trips per
day from a port on Martha’s Vineyard or New
Bedford to WDA from mostly small CTVs.

In case of large repairs/replacements, MPV will
be traveling to WDA from a port site
(infrequently).

●

●
●
●

●
●
●
●

Surveillance Actions

Coordinate with local and regional USCG
Commands, as well as, local and State
Implement emergency shutdown procedures
authorities.
when requested by USCG or other authorities.
Inform USCG and other relevant authorities of
shutdown methods and procedures.
Publish a NTM; broadcast local NTMs.
Notify local media and port community for
regular O&M activities.
Establish communication website with
dynamic project information to be updated
daily.

Maintain proper lookouts on construction
vessels during transit to offshore project site.

Publish a NTM, broadcast local NTMs,
Notify local media and port community;
Coordinate with port used by contracted
MPV;
Plan meetings with local pilots to coordinate
efforts for replacement events.

Maintain proper lookouts on construction
vessels during transit to offshore project site.
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Change Analysis for Vineyard Wind's Lease Area: Operation and Maintenance Phase (O&M)
Potential Effects

Recommended Risk Control Strategies

Differences from Normal Port Activities
Prevention Requirements
●

●
Interference with fishing activities and possible
interference with marine events (races)
●

Possible entanglement of fishing gear
(gear conflict) around foundations might
lead to vessel drifting into turbine.
Possible impact to marine event route.

●
●
●
●

●
●

CLARENDON HILL CONSULTING, LLC

Surveillance Actions

Add new markings (lighting and sound) on
WTGs.
Update nautical charts.
Publish a NTM; broadcast local NTMs.
Notify local media and port community.
Continue engagement through centralized
organization source (e.g. Fishermen
N/A
Representative) for centralized
communication.
Establish communication protocols and
procedures for emergencies
Coordinate with event sponsors on routes and
possible placement of PATONS during event in
coordination with USCG.
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Change Analysis for Vineyard Wind's Lease Area: Operation and Maintenance Phase (O&M)
Potential Effects

Recommended Risk Control Strategies

Differences from Normal Port Activities
Prevention Requirements

●
RADAR communication

CLARENDON HILL CONSULTING, LLC

●

Radar impact on vessels approaching the
WDA are likely;
Literature suggests there are no
multiplicity effects on cumulative radar
impacts (from adjacent wind farms)

●
●

●

Update nautical charts.
Have lighting and AIS transponders on all
WTG’s or as needed; have sound devices on
selected WTGs
Establish one centralized organization source
(e.g. Fishermen Representative) for
centralized communication.

Surveillance Actions

Coordinate with USCG and State officials for
assistance in monitoring offshore project
interference.
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APPENDIX B: Survey Information and Supplemental Data
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APPENDIX B Table B-1A: Summary of stakeholders (and corresponding contact persons) by category.

Category

Stakeholders

Pilots & Pilots Associations

Northeast Pilots Association (Captain Sean Bogus, President and Board Member)

Commercial Fishermen

Vineyard Wind Fishermen Representative (Jim Kendall), RI Division of Marine Fisheries (Julia Livermore/ Nicole Lengyl), MA Division of Marine Fisheries (Kathryn Ford), Cape Cod Fishermen’s
Alliance (John Pappalardo/ Seth Rolbein), Martha’s Vineyard Fishermen Preservation Trust (John Keene), New England Sector Service Network (Libby Etrie), Town Dock (Katie Almeida), Eastern
Fisheries (Peter Anthony), Coonamessett Farm (Ron Smolowitz), Nantucket Fisherman (Bob DaCosta), Recreational Fisherman (Mike Pierdinock)

US Military, Other

US Coast Guard (USCG), US Navy (Captain David Saluto), Naval Seafloor Cable Protection Office- Naval Facilities Engineering Command (NAVFAC)
US Merchant Marine Academy (Rich Cain, Director of Waterfront Operations and Training)

Cruise Lines

Regent Seven Seas, American Cruise Lines (Captain Andrew White), Blount Small Ship Adventures (Captain Peter DiMarco)

Ferry Services

Hy-Line Cruises (R. Murray Scudder, Jr., Vice President of Operations), Seastreak New England (Captain Patrick Welch, New England Port Captain), Steamship Authority (Robert Davis, General
Manager)

Associations/ Committees

Massachusetts Boating and Yacht Clubs Association (Peder Acres, Commodore), Mass Bay Harbor Safety Committee

Ports & Port Operators

Davisville (Robert Blackburn, Port Director), Providence (Steven Curtis, Port Facility/ Operations Manager), New Bedford (Ed Washburn, Port Director), Fall River (Diane Butler (General Manager),
Newport (Timothy Mills, Harbormaster)

Harbormasters

Narragansett (Kevin Connors), Cuttyhunk (George Isabel), Nantucket (Sheila Lucey), Oaks Bluff (Todd Alexander), Newport (Timothy Mills)

CLARENDON HILL CONSULTING, LLC
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Category

Stakeholders

Research Associations

NOAA (Captain Jon Swallow, University of Delaware Director of Marine Operations),WHOI (Captain Kent Sheasley), University of Rhode Island (Shipmaster Rhett McMunn)

Marine Events/ Race Organizers

Volvo Ocean Race (Brad Read, Executive Director Sail Newport and Volvo Delivery Partner),Transatlantic Race (Patricia Young, Co-Chair 2019), Marion to Bermuda Race (Alan Minard, Race
Committee Member)

Tours/ Charter Operators

Viking Fleet (Captain Carl Forsberg, Owner), Patriot Charter Boats (Jim Tieje)

Offshore Supply

Boston Harbor Cruises (Frederick Nolan, Principal)

Tow/ Tugboat Operators

Reinauer (Alan Bish, Port Captain), Boston Towing (George Lee, General Manager)

CLARENDON HILL CONSULTING, LLC
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APPENDIX B Table B-1B: Summary of stakeholder responses to outreach survey.

Stakeholder

Name

Role

Home Port or
City

Vessel Class

LOA/
Gross
Beam/
Tonnage
Draft (ft)

Vessel
Capacity
Operator
(Passengers
Experience
/ Crew)
(years)

Defined Use

Frequency of
Use

Typical
Average
heading
Speed (knots)
(true)

Anticipated Impact to
Operational Routes

Seastreak New England

Pat Welch

Ferry Operator

New Bedford

Passenger
Ferry

82.6/ 28/
77
11

149/ 3

10-15

This area is out of
our operational
zone.

N/A

N/A

N/A

this location will have no impact
NR
on current operations.

NR

Naval Seafloor Cable
Protection Office- Naval
Facilities Engineering
Command (NAVFAC)

Catherine Creese

Office of Field
Operations

NR

NR

NR

NR

NR

N/A

N/A

N/A

NR

NR

NR

180

Not a big deal at all to adjust to
avoiding the zone, as it is not
blocking North/South bound
(from Vineyard Sound, Buzzards
Bay, or RI) traffic, and it is plenty
North of the East/West bound
Ambrose/Nantucket traffic
scheme.

In my opinion, this is not a safety issue as
Mariners (as well as Aviators) avoid
charted/known hazard areas regularly, and that
is a part of competent navigational planning and
awareness. The challenge may be shell
fishermen feeling they are losing fishing
grounds, but as far as vessels transiting the area,
the farm zone does not appear to add much if
any deviation from the common routes,
especially given the already present need to
avoid Nantucket Shoals.

I am completely supportive of alternative
energy development and expansion, and
do not find any legitimate argument in
folks that say these farms are (or would
be) navigational hazards. Other than being
able to expound on that as a professional
mariner and ship Captain, as well as an
Aviator/pilot, I don't know what feedback
you are looking for.

WHOI

Boston Harbor Cruises

NOAA

Kent Sheasley

Research Ship
Captain, R/V Neil
Armstrong

Woods Hole

Rick Nolan

Principal

Jon Swallow

Director, Marine
Operations University of
Lewes, DE
Delaware, R/V Hugh
R Sharp

CLARENDON HILL CONSULTING, LLC

Boston

Other
(Research)

Offshore
Supply

Other
(Research)

238/ 50/
15.5

NR

146/ 32/
11

NR

2641

NR

252

N/A / 45

NR

22/ 20

>15

NR

>15

This office does
not operate a
vessel in the area.

Traversing usually,
though could be
Year-around
working in vicinity
based on projects.

NR

Other (Scallop
Research Cruise
for NOAA).

NR

During
summer
months

11

NR

7

Anticipated Impact/ Input to Improve Safe
Navigation

Additional Feedback

NR

NR

NR

Thank you for including us in this
outreach. As stated on the telephone
several days ago, BHC has no concern
about being negatively affected by the
Vineyard Wind development. In fact we
are excited about the upside
environmental and economic benefits
achieved through the responsible, safe
development of such sites. Please feel
free to contact me at anytime should you
need additional comment.

070

Depends how science projects
are impacted. Some long - term
NOAA sample areas may need
to be moved. We would need to
be able to transit within wind
areas. Key is how close can
vessels get to an individual
turbine base.

Will the structures impact the GPS satellite
signal accuracy? Most vessels navigate with GPS.
How about impact to VHR radio transmissions?
How big is RADAR signal of structures? It may be
good to put an AIS ID on each structure. It would
have the label of the turbine and indicate to a
vessel they are seeing a fixed structure.

Thanks for asking. I think the Commercial
and Recreational Fisheries will be most
impacted. Find a way to allow them to fish
around the structures and it will be a winwin.
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Stakeholder

Name

Role

Home Port or
City

Vessel Class

LOA/
Gross
Beam/
Tonnage
Draft (ft)

Vessel
Capacity
Operator
(Passengers
Experience
/ Crew)
(years)

Defined Use

Frequency of
Use

Typical
Average
heading
Speed (knots)
(true)

Anticipated Impact to
Operational Routes

Anticipated Impact/ Input to Improve Safe
Navigation

Additional Feedback

Port of Providence

Stephen Curtis

Port Operator

NR

NR

NR

NR/ NR

NR

Traversing

Year-around

18

NR

most of the port traffic leaving
Providence it would not affect.

NR

if you haven't you might wish to contact
NE Marine Pilots (Newport, RI)

Brad Read

Executive Director,
Sail Newport and
Delivery Partner of
Volvo Ocean Race
North American
Stopover in May of
2018

10-15

Traversing (7 Race
Boats will be
transiting the area
(Inbound) on or
before May 9-10
and again on May
20th (Outbound)).

Twice per
month

16

NR

NR

NR

The Volvo Ocean Race is coming to
Newport this May. Won't come back until
2021, but other transatlantic races pass
through that area both on their way to
Newport or from Newport to Europe.

NR

During the cable laying process it is
important to maintain good radio
communications with all vessels
transitting the east/west shipping channel
in Nantucket Sound.

NR

I am not a direct user to the area so I
would defer most of the questions about
the best location and navigational impacts
to those that use the area regularly.

Volvo Ocean Race/ Sail
Newport

Hy-Line Cruises

Port of Newport

Transatlantic Race

R Murray Scudder
Ferry Operator
Jr

Timothy Mills

Harbormaster

Patricia Young

Co-Chair of
Transatlantic Race
2019 (organized by
NYYC, Royal Yacht
Squadron, Royal
Ocean Racing Club,
and Storm Trysail
Club)

CLARENDON HILL CONSULTING, LLC

Newport

Hyannis

Newport, RI

Newport, RI

Sailing/
Recreation

Passenger
Ferry

NR

Yacht Club,
Sailing/
Recreation

65/ 20/
16

106/ 31/
5

NR

NR

NR

20

76

NR

NR

10/ 10

350/ 6

NR/ NR

NR/ NR

10-15

Traversing

Daily

25

100

Hy-Line Cruises does not
operate in the area of the
proposed wind farm. We do
however operate two vessels
seasonally (late May to early
October) between Oak Bluffs
Martha's Vineyard and
Nantucket Harbor that may be
impacted by cable laying to the
mainland.

NR

I do not use the
area however
vessels entering
and departing
Newport may
utilize the area.
Example would be
Cruise ships
transiting from
Newport To
Boston or the
reverse.

N/A

N/A

N/A

Vessel Operators would go
around to the south

105

The race organizers would need
to add stand-off gates to the
course of the race which starts
in Newport and finishes at the
Lizard, UK with a final finish in
NR
Cowes. The course already has a
gates to keep boats off
Nantucket Shoals, the Whale
area, and the iceberg area.

NR

Racing

Other

15

Please keep us apprised of all intentions
for this area.
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Stakeholder

Name

Role

Home Port or
City

Vessel Class

LOA/
Gross
Beam/
Tonnage
Draft (ft)

Vessel
Capacity
Operator
(Passengers
Experience
/ Crew)
(years)

Defined Use

Frequency of
Use

Typical
Average
heading
Speed (knots)
(true)

Anticipated Impact to
Operational Routes

Anticipated Impact/ Input to Improve Safe
Navigation

Additional Feedback

Narragansett
Harbormaster

Kevin Connors

Harbormaster

Point Judith,
Narragansett

Sailing/
Recreation

NR

NR

NR/ NR

NR

Traversing

During
summer
months

20

090

NR

NR

The Block Island turbines have not been a
problem I do not see why theses will be.

Viking Fleet

Carl Forsberg

Tour/ Charter boat
operator

Montauk, NY

Fishing

140/ 25/
7

98

149/ 4

>15

Fishing

Year-around

10

90

We would have to work
(navigate, fish) around them

NR

none

Marion Bermuda Race

Alan Minard

Management of
Marion Bermuda
Race (race
committee
member)

Marion, MA

Sailing/
Recreation

47/ 12/ 7 15

8/ 6

>15

Traversing

Other

7

156

As this is an ocean race that is
held every other year, I would
Additional aids to navigation should be
think the race committee would
appropriately located surrounding the
have to establish rules to
impediments to safe navigation.
maintain a safe distance from
the shown survey area.

See above

Reinauer

Alan Bish

Tow/ Tug boat
operator

New York

Other

500/ 74/
29

0/ 7

>15

Traversing

Year-around

9.5

0

avoid it

situated out of the shipping lanes

none

>15

We typically do
not transit the
exact area of the
lease. Only
During
occasionally with
summer
one vessel
months
transiting between
Boston and New
York.

NR

The area in question is not in our normal
operating area. We operate 4 small cruise
ships around New England (spring through
fall) visiting Block Island, Newport, New
Bedford, Vineyard Haven, Nantucket as
well as points north. Only time that we
might be in that area, but probably well
south, would be transiting from Boston to
New York with our international ship,
Pearl Mist.

American Cruises

Andrew White

Cruise ship
operator

CLARENDON HILL CONSULTING, LLC

Providence,
Boston,
Gloucester,
Portland

Cruise Ship

325/ 55/
12.5

9500

5100

210/ 70

10

090

Stay well clear.
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APPENDIX B Table B-2: Port freight assessed by freight type, vessel type, total mass, and percent of total mass for 2015 year (USACE, 2015).
Freight Imported/ Exported by Port in 2015 (in thousands of Metric Tons MT)
Freight Type

Vessel Type

Providence

Fall River

New Bedford

Davisville

Total Mass by Freight and
Vessel Type (MT)

Petroleum

Liquid Tanker and Liquid Cargo

5267

173

44

0

5,485

Chemicals

Liquid Tanker and Liquid Cargo

382

0

0

0

382

Coal

Dry Bulk Cargo (self-propelled, barges)

64

964

0

0

1,029

Dry Cargo (Salt, Ore, Cement, Sand, Stone)

Dry Bulk Cargo (self-propelled, barges)

1256

0

118

0

1,374

Manufactured Goods or Food

General Cargo or Shipping Container

323

0

32

Not Reported

355

Automobiles

RO-RO

0

0

0

370

370

Unknown

Unknown

0

0

15

0

15

7,293

1,138

209

370

9,010

Total Mass by Port

1

1

A total of 227,021 automobiles were imported to Davisville in 2015.
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APPENDIX B Table B-2 (continued): Port freight assessed by freight type, vessel type, total mass, and percent of total mass for 2015 year (USACE, 2015).

Freight Type

Vessel Type

Percent of Total
(Providence)

Percent of Total (Fall
River)

Percent of Total
(New Bedford)

Percent of Total
(Davisville)

Percent of Total
(All Ports)

Petroleum

Liquid Tanker and Liquid Cargo

58

2

0

0

61

Chemicals

Liquid Tanker and Liquid Cargo

4

0

0

0

4

Coal

Dry Bulk Cargo (self-propelled, barges)

1

11

0

0

11

Dry Cargo (Salt, Ore, Cement, Sand, Stone)

Dry Bulk Cargo (self-propelled, barges)

14

0

1

0

15

Manufactured Goods or Food

General Cargo or Shipping Container

4

0

0

Not Reported

4

Automobiles

RO-RO

0

0

0

4

4

Unknown

Unknown

0

0

0

0

0

81

13

2

4

100

Percent of Total by Port
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APPENDIX B Table B-3: Summary of number of vessels recorded inbound into each port for the 2015 year by vessel type and corresponding vessel draft length (USACE, 2015).
Total Number of Vessels Traveling Into Port (2015)

Port

Controlling Vessel
Quantity of Vessels
Length/ Depth by
2
by Draft Length
Port

Self-Propelled
Cargos

Self-Propelled
Liquid Tanker

Self-Propelled Tug Non-Self Propelled Non-Self Propelled TOTAL Tugs and
3
or Towboat
Cargo
Liquid Barges
Tows by Draft Size

TOTAL Cargo and
Tankers by Draft
Size

Providence, RI

700 ft/ 40 ft

>= 30 ft Draft

31

81

0

0

0

0

112

Providence, RI

700 ft/ 40 ft

20 - 29 ft Draft

39

26

0

0

214

0

279

Providence, RI

700 ft/ 40 ft

0 - 19 ft Drafts

2

0

88

36

183

88

221

72

107

88

36

397

88

612

Total Vessels By Type

Davisville, RI

656 ft/ 31 ft

>= 30 ft Draft

NR

NR

NR

NR

NR

NR

NR

Davisville, RI

656 ft/ 31 ft

20 - 29 ft Draft

193

NR

NR

NR

NR

NR

193

Davisville, RI

656 ft/ 31 ft

0 - 19 ft Drafts

NR

NR

NR

NR

NR

NR

NR

193

NR

NR

NR

NR

NR

193

18

0

0

0

0

0

18

Total Vessels By Type

Fall River, MA

600 ft/ 35 ft

>= 30 ft Draft

2

Information compiled from National Geospatial-Intelligence Agency, n.d.; MassCEC, 2017.
Tugs and towboats are used to assist non-self propelled tankers and cargo vessels when coming into port and may be designed as integrated tug and barge units. The total number of tugboats observed coming
into port in 2015 was reported separately from tankers and cargo vessels to prevent double counting or erroneous inflation of traffic.
3
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Total Number of Vessels Traveling Into Port (2015)

Port

Controlling Vessel
Quantity of Vessels
Length/ Depth by
2
by Draft Length
Port

Self-Propelled
Cargos

Self-Propelled
Liquid Tanker

Self-Propelled Tug Non-Self Propelled Non-Self Propelled TOTAL Tugs and
3
or Towboat
Cargo
Liquid Barges
Tows by Draft Size

TOTAL Cargo and
Tankers by Draft
Size

Fall River, MA

600 ft/ 35 ft

20 - 29 ft Draft

2

0

0

3

7

0

12

Fall River, MA

600 ft/ 35 ft

0 - 19 ft Drafts

161

0

5

7

17

5

185

181

0

5

10

24

5

215

Total Vessels By Type

New Bedford, MA

500 ft/ 30 ft

> 25 ft Draft

0

0

0

0

0

0

0

New Bedford, MA

500 ft/ 30 ft

0 - 25 ft Drafts

18

0

486

87

400

486

505

18

0

486

87

400

486

505

Total Vessels By Type
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APPENDIX B Table B-4: Cruise line companies, vessel information, and known vessel routes for the 2017-2018 service year. Commercial cruise line vessels are assumed to use the itinerary
routes specified and traffic separation schemes when arriving at ports near the Project Area; routes may change because of traffic, restrictions, weather, and/ or other unknown factors (refer
to Section 4.1.2 Passenger Cruise Vessels).4

Gross Tonnage
(GT)

Capacity
(Persons)

Service Speed
(knots)

5

148528

3983

28

NR

3

93530

3464

25

38

NR

3

92250

3372

24

279

32

8

78340

3256

22

Crystal Serenity

250

34

NR

3

68000

1725

22

Newport, Boston

Crystal Symphony

238

30

NR

3

51044

1497

21

Phoenix

Newport, Boston

Artania

230

29

NR

3

44656

1797

22

Viking Ocean Cruises

NYC, Boston (Cape Cod Canal)

Viking Star

227

29

NR

3

NR

Silversea

Newport, NYC, Boston

Silver Spirit

210

27

NR

3

36000

1020

20

Silversea

Newport, NYC, Boston

Silver Whisper

186

25

NR

3

28258

684

19

Cruiseline

Ports Visited in Project Area

Ship Name

LOA (m)

Beam (m)

Draft (m)

Cunard

Newport, Boston

Queen Mary 2

345

40

NR

Norwegian Cruise Lines

Newport, NYC, Boston

Norwegian Gem

294

38

Norwegian Cruise Lines

Newport, NYC, Boston

Norwegian Dawn

291

Royal Caribbean International

Newport, Boston

Vision of the Seas

Crystal Yacht Cruises

Newport, Boston

Crystal Yacht Cruises

3

NR

3

20

4

Information for Table B-3 compiled from Travel Weekly, 2017a; Travel Weekly, 2017b; Travel Weekly, 2017c; Travel Weekly, 2017d; Travel Weekly, 2017e; Norwegian Cruise Line, 2017; ship-technology.com, 2017;
Royal Caribbean Press Center, n.d.; Artania - Itinerary Schedule, Current Position, n.d.; Viking Ocean Cruises; n.d.; Silversea. 2017; Blount Small Ship Adventures, 2017); Carnival Cruise Line, 2017; Holland America
Line, 2017; Maine Windjammer Association, 2017; Princess Cruises, 2017; Seabourn Cruise Line Limited, 2017; Travel Dynamics International, 2017).
5

Information not reported (NR).

CLARENDON HILL CONSULTING, LLC

196

Navigational Risk Assessment for Vineyard Wind
Appendix B: Survey Information and Supplemental Data
Capacity
(Persons)

Service Speed
(knots)

3

28550

835

20

NR

3

17400

518

18

22

NR

3

16800

462

18

82

17

3

NR

3

12

Independence

67

17

NR

3

3000

NR

3

14

American Star

66

13

NR

3

1973

126

14

Grand Mariner/
Grand Caribe

56

12

NR

3

94

108

10

6

N/A

N/A

N/A

N/A

N/A

N/A

N/A

4

N/A

N/A

N/A

N/A

N/A

N/A

N/A

4

N/A

N/A

N/A

N/A

N/A

N/A

N/A

4

N/A

N/A

N/A

N/A

N/A

N/A

N/A

4

N/A

N/A

N/A

N/A

N/A

N/A

N/A

4

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Ports Visited in Project Area

Ship Name

LOA (m)

Beam (m)

Draft (m)

Regent Seven Seas

NYC, Boston, Martha's Vineyard

Seven Seas Navigator

172

25

NR

Silversea

Newport, NYC, Boston

Silver Wind

157

22

Silversea

Newport, NYC, Boston

Silver Cloud Expedition

157

American Constellation/
American Constitution

Blount Small Ship Adventures
(USA River Cruises)

Newport, Block Island, MV, Provincetown,
Boston
Newport, Providence, Bristol, Block Island,
New Bedford, MV, Nantucket, Provincetown,
Boston
Newport, Providence, Bristol, Block Island,
New Bedford, MV, Nantucket, Provincetown,
Boston
Newport, Block Island, Warren, New Bedford,
MV, Nantucket, Cuttyhunk

Carnival Cruise Line

None

Holland America

None

Maine Windjammer Association

None

Princess

None

Seabourn

None

Travel Dynamics International

None

American Cruise Lines

American Cruise Lines

American Cruise Lines

6

Gross Tonnage
(GT)

Cruiseline

NR

3

Not servicing ports near Project Area.
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APPENDIX B Table B-5: Ferry service companies, vessel information, and known vessel routes for the 2017-2018 service year. Ferry vessels are assumed to use the most direct route between
connection locations; routes may change because of traffic, restrictions, weather, and/ or other unknown factors (refer to Section 4.1.3 Passenger Ferries).7

LOA (m)

Beam (m)

Draft (m)

Capacity (persons)

Service Speed
(knots)

S

64

10

2

NR7

6

Boston/ Provincetown

S

44

13

3

600

6

Cuttyhunk Ferry Company

New Bedford/ Cuttyhunk

Y

24

7

2

149

16

Falmouth- Edgartown Ferry

Martha’s Vineyard/ Falmouth

S

24

7

2

NR7

9

Freedom Cruise Line Nantucket Ferry

Harwich Port/ Nantucket

S

NR9

NR7

NR7

NR7

NR7

Hy-Line Cruises

Hyannis/ Martha’s Vineyard

S

19-46

6-10

1-2

NR7

NR7

Hy-Line Cruises

Martha’s Vineyard/ Nantucket

S

19-46

6-10

1-2

NR7

NR7

Hy-Line Cruises

Hyannis/ Nantucket/ Martha’s Vineyard

S

19-46

6-10

1-2

NR7

NR7

Hy-Line Cruises

Fishing in Nantucket Sound

S

19-46

6-10

1-2

NR7

NR7

Hy-Line Cruises

Hyannis/ Nantucket

Y

19-46

6-10

1-2

NR7

NR7

Island Queen

Falmouth/ Oaks Bluff

S

38

8

2

522

12

Ferry Service

Destinations

Schedule

Bay State Cruise Co.

Boston/ Provincetown

Boston Harbor Cruises

8

7

Information for Table B-4 compiled from Boston Harbor Cruises, 2016; Cape Cod Chamber of Commerce Convention & Visitors Bureau, 2017; Cuttyhunk Ferry Company, n.d.; Freedom Cruise Line, n.d.; Hy-Line
Cruises, 2017; Island Queen, 2017; MarineTraffic, 2017; Martha’s Vineyard Ferry Schedules, 2017; Nantucket Ferries, 2017; Seastreak Ferries, 2017; The Steamship Authority, 2017; US Maritime Intelligence, 2017.
8
Seasonal (S) or Year Round (Y).
9
Information not reported (NR).
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LOA (m)

Beam (m)

Draft (m)

Capacity (persons)

Service Speed
(knots)

S

20-43

7-10

2-3

149-505

27-38

Martha’s Vineyard/ New Bedford

S

20-43

7-10

2-3

149-505

27-38

Seastreak

Nantucket/
NY/ NJ

S

20-43

7-10

2-3

149-505

27-38

Seastreak

Martha’s Vineyard/ Boston

S

20-43

7-10

2-3

149-505

27-38

Seastreak

Nantucket/ New Bedford

S

20-43

7-10

2-3

149-505

27-38

Seastreak

NY/ NJ/ Martha’s Vineyard/ Nantucket

S

20-43

7-10

2-3

149-505

27-38

Steamship Authority

Woods Hole/ Oaks Bluff

S

47-78

12-20

NR7

147-1,274

11.5-35

Steamship Authority

Woods Hole/ Vineyard Haven

Y

47-78

12-20

NR7

147-1,274

11.5-35

Steamship Authority

Hyannis/ Nantucket

Y

47-78

12-20

NR7

147-1,274

11.5-35

Vineyard Fast Ferry

Martha’s Vineyard/ Quonset

S

33

10

3

NR7

29

Ferry Service

Destinations

Schedule

Seastreak

Newport/ Providence

Seastreak
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APPENDIX C: Proposed Turbine Lighting Scheme (IALA adaptation, pending final agency approval)
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APPENDIX D Table D-1: Summary of US Coast Guard search and rescue (SAR), law enforcement (LE) and Marine Environmental Response (MER) activity from 2006 to 2017 that includes area
south of Block Island and Martha’s Vineyard including WDA (compare figure 6.1.1-1, sourced from Edward LeBlanc, Chief of Waterways Management Division, USCG Sector Southeastern New
England).

Date

USCG Response Site

Incident Type

Incident Subtype

Location Latitude

Location Longitude

6/5/2006

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDEVAC

41.13

-70.90

6/7/2006

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Taking on Water (TOW)

41.09

-71.60

8/5/2006

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Abandoned/Derelict

41.06

-71.49

8/12/2006

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.08

-70.94

5/23/2007

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.02

-71.32

6/29/2007

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDICO

41.12

-71.30

7/21/2007

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDICO

41.03

-71.08

8/5/2007

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

40.96

-70.49

8/12/2007

CG STA CASTLE HILL (000008)

Search and Rescue

MEDICO

41.12

-71.30
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Date

USCG Response Site

Incident Type

Incident Subtype

Location Latitude

Location Longitude

9/20/2007

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Uncorrelated MAYDAY

41.00

-71.00

2/19/2008

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.02

-71.52

4/22/2008

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDICO

41.15

-71.36

5/25/2008

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Aground

41.08

-71.11

5/25/2008

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Capsized Vessel

41.15

-71.62

6/5/2008

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Adrift (Unmanned)

40.97

-71.52

6/6/2008

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.13

-70.50

8/5/2008

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.08

-70.98

9/3/2008

SECTOR SE NEW ENGLAND (008357)

Law Enforcement

Commercial Fishing Vessel Safety

41.04

-71.33

12/14/2008

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Alleged Violation of Law/Regulation

41.12

-71.35

12/15/2008

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Equipment Failure

41.13

-71.42
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Date

USCG Response Site

Incident Type

Incident Subtype

Location Latitude

Location Longitude

1/10/2009

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDICO

41.12

-71.05

5/4/2009

SECTOR SE NEW ENGLAND (008357)

Coast Guard Unit

Casualties to CG Cutters & Aircraft

41.13

-71.28

5/13/2009

CG STA CASTLE HILL (000008)

Search and Rescue

Disabled Vessel

41.03

-71.17

6/3/2009

SECTOR SE NEW ENGLAND (008357)

Law Enforcement

Marine Mammal Interaction

41.03

-71.63

6/18/2009

SECTOR SE NEW ENGLAND (008357)

Law Enforcement

Fisheries - Domestic Enforcement

41.05

-71.34

6/27/2009

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Distress Alert - situation unknown

41.09

-70.78

7/13/2009

SECTOR SE NEW ENGLAND (008357)

Law Enforcement

Commercial Fishing Vessel Safety

41.14

-71.44

7/20/2009

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Equipment Failure

41.06

-70.94

8/8/2009

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Taking on Water (TOW)

41.11

-71.34

8/16/2009

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Distress Alert - situation unknown

40.98

-71.39

8/31/2009

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.05

-71.02
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Date

USCG Response Site

Incident Type

Incident Subtype

Location Latitude

Location Longitude

9/14/2009

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Distress Alert - situation unknown

41.07

-70.45

11/19/2009

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

40.97

-71.63

1/16/2010

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDICO

41.05

-71.46

1/28/2010

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDICO

41.08

-71.02

4/30/2010

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

40.98

-71.43

6/19/2010

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Collision

40.97

-71.37

8/17/2010

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDEVAC

40.98

-71.04

8/21/2010

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDICO

41.12

-71.57

9/29/2010

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Distress Alert - situation unknown

41.15

-71.57

10/3/2010

SECTOR SE NEW ENGLAND (008357)

Law Enforcement

Personal Conflict

40.98

-70.76

10/24/2010

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Equipment Failure

41.04

-70.77
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Date

USCG Response Site

Incident Type

Incident Subtype

Location Latitude

Location Longitude

1/28/2011

SECTOR SE NEW ENGLAND (008357)

Marine Environmental Protection

Pollution - Oil

41.04

-71.28

6/5/2011

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Uncorrelated MAYDAY

41.08

-71.38

7/8/2011

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDEVAC

41.14

-70.67

7/13/2011

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Beset by Weather

41.12

-71.57

7/21/2011

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disoriented Vessel

41.10

-71.62

7/25/2011

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Overdue Vessel

40.93

-70.50

12/4/2011

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Fire

41.06

-71.56

4/9/2012

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Taking on Water (TOW)

41.02

-70.45

4/14/2012

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.15

-70.41

4/29/2012

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.13

-71.62

6/24/2012

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

40.95

-71.32
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USCG Response Site

Incident Type

Incident Subtype

Location Latitude

Location Longitude

7/14/2012

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

40.98

-70.88

8/17/2012

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Overdue Vessel

41.07

-70.90

11/13/2012

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Equipment Failure

40.95

-71.38

2/24/2013

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Alleged Violation of Law/Regulation

41.14

-71.47

4/26/2013

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.02

-71.48

6/30/2013

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Alleged Violation of Law/Regulation

41.07

-71.33

7/4/2013

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Equipment Failure

40.97

-71.63

7/6/2013

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Person in Water (PIW)

41.16

-71.38

7/19/2013

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.00

-70.45

7/19/2013

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.12

-70.46

7/28/2013

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Alleged Violation of Law/Regulation

40.98

-71.43
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USCG Response Site

Incident Type

Incident Subtype

Location Latitude

Location Longitude

8/22/2013

SECTOR SE NEW ENGLAND (008357)

Law Enforcement

Personal Conflict

41.10

-70.33

1/10/2014

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Equipment Failure

41.06

-71.38

4/17/2014

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Distress Alert - situation unknown

41.10

-70.87

6/6/2014

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDEVAC

41.07

-71.36

7/12/2014

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.03

-71.39

8/1/2014

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Fire

41.07

-70.68

8/2/2014

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Distress Alert - situation unknown

41.15

-70.58

8/21/2014

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.11

-70.88

10/22/2014

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Beset by Weather

41.10

-71.18

12/28/2014

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Equipment Failure

41.11

-71.35

1/7/2015

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Alleged Violation of Law/Regulation

41.15

-71.35
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USCG Response Site

Incident Type

Incident Subtype

Location Latitude

Location Longitude

4/17/2015

SECTOR SE NEW ENGLAND (008357)

Law Enforcement

Commercial Vessel Safety Enforcement

40.98

-70.98

6/19/2015

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Collision

41.00

-71.15

6/23/2015

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.04

-70.43

7/2/2015

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Equipment Failure

41.09

-70.36

7/10/2015

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDEVAC

41.15

-70.54

7/28/2015

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Collision

41.12

-71.50

9/7/2015

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Equipment Failure

40.93

-71.15

9/16/2015

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDEVAC

41.13

-71.53

9/25/2015

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Equipment Failure

41.16

-70.80

9/27/2015

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Distress Alert - situation unknown

41.03

-71.28

10/9/2015

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Platform Inspection

41.15

-71.54
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USCG Response Site

Incident Type

Incident Subtype

Location Latitude

Location Longitude

10/13/2015

SECTOR SE NEW ENGLAND (008357)

Law Enforcement

Commercial Fishing Vessel Safety

41.11

-71.29

3/4/2016

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.16

-71.16

3/26/2016

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDICO

41.07

-71.40

4/27/2016

SECTOR SE NEW ENGLAND (008357)

Law Enforcement

Fisheries - Domestic Enforcement

41.00

-70.97

6/4/2016

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Equipment Failure

41.08

-70.92

6/13/2016

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDEVAC

41.16

-70.79

6/30/2016

SECTOR SE NEW ENGLAND (008357)

Law Enforcement

Protected Resource Assistance

41.10

-71.07

7/3/2016

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Diving Accident

41.15

-71.59

7/4/2016

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Alleged Violation of Law/Regulation

41.14

-71.02

7/14/2016

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Equipment Failure

41.14

-71.54

7/16/2016

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Uncorrelated MAYDAY

41.00

-70.63
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USCG Response Site

Incident Type

Incident Subtype

Location Latitude

Location Longitude

8/6/2016

SECTOR SE NEW ENGLAND (008357)

Law Enforcement

Fisheries - Domestic Enforcement

41.10

-70.82

8/12/2016

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Disabled Vessel

41.08

-71.12

9/3/2016

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

Aground

41.16

-71.54

9/8/2016

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Collision

41.05

-70.98

9/20/2016

SECTOR SE NEW ENGLAND (008357)

Marine Safety

Alleged Violation of Law/Regulation

41.04

-71.48

9/24/2016

SECTOR SE NEW ENGLAND (008357)

Search and Rescue

MEDICO

41.09

-70.79
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APPENDIX E Table E-1: Summary of grid coordinates for WTGs and ESPs by latitude, longitude, and water depth.10
Type

Name

Easting (m)

Northing (m)

Latitude

Longitude

WTG

VYW01_R00_P01

379890

4555090

41° 08' 17.6589" N

70° 25' 52.0635" W

WTG

VYW01_R00_P02

384690

4550290

41° 05' 44.5510" N

70° 22' 22.9830" W

WTG

VYW01_R01_P01

378690

4555090

41° 08' 17.0163" N

70° 26' 43.5213" W

WTG

VYW01_R01_P02

379890

4553890

41° 07' 38.7564" N

70° 25' 51.2180" W

WTG

VYW01_R01_P03

383490

4550290

41° 05' 43.9349" N

70° 23' 14.4090" W

WTG

VYW01_R01_P04

384690

4549090

41° 05' 5.6473" N

70° 22' 22.1730" W

WTG

VYW01_R02_P01

377004

4554937

41° 08' 11.1427" N

70° 27' 55.7084" W

WTG

VYW01_R02_P02

377966

4553975

41° 07' 40.4790" N

70° 27' 13.7691" W

WTG

VYW01_R02_P03

378927

4553014

41° 07' 9.8426" N

70° 26' 31.8843" W

WTG

VYW01_R02_P04

379889

4552052

41° 06' 39.1700" N

70° 25' 49.9666" W

WTG

VYW01_R02_P05

382383

4549518

41° 05' 18.3331" N

70° 24' 1.3175" W

CLARENDON HILL CONSULTING, LLC

Water Depth (m)

214

Navigational Risk Assessment for Vineyard Wind
Appendix E: Coordinates for the WTGs and ESPs
Type

Name

Easting (m)

Northing (m)

Latitude

Longitude

WTG

VYW01_R02_P06

383536

4548353

41° 04' 41.1618" N

70° 23' 11.1173" W

WTG

VYW01_R02_P07

384688

4547189

41° 04' 4.0160" N

70° 22' 20.9764" W

WTG

VYW01_R03_P01

375802

4553735

41° 07' 31.5172" N

70° 28' 46.3742" W

WTG

VYW01_R03_P02

377113

4552424

41° 06' 49.7348" N

70° 27' 49.2236" W

WTG

VYW01_R03_P03

378424

4551113

41° 06' 7.9442" N

70° 26' 52.0932" W

WTG

VYW01_R03_P04

379735

4549802

41° 05' 26.1453" N

70° 25' 54.9828" W

WTG

VYW01_R03_P05

381202

4548335

41° 04' 39.3628" N

70° 24' 51.1006" W

WTG

VYW01_R03_P06

382364

4547173

41° 04' 2.2994" N

70° 24' 0.5178" W

WTG

VYW01_R03_P07

383527

4546010

41° 03' 25.1976" N

70° 23' 9.9073" W

WTG

VYW01_R03_P08

384689

4544848

41° 02' 48.1213" N

70° 22' 19.3560" W

WTG

VYW01_R04_P01

374600

4552533

41° 06' 51.8856" N

70° 29' 37.0230" W

WTG

VYW01_R04_P02

375911

4551222

41° 06' 10.1102" N

70° 28' 39.8735" W

WTG

VYW01_R04_P03

377222

4549911

41° 05' 28.3265" N

70° 27' 42.7441" W

WTG

VYW01_R04_P04

378533

4548600

41° 04' 46.5345" N

70° 26' 45.6347" W

WTG

VYW01_R04_P05

380000

4547133

41° 03' 59.7597" N

70° 25' 41.7536" W

WTG

VYW01_R04_P06

381311

4545822

41° 03' 17.9502" N

70° 24' 44.6869" W
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Type

Name

Easting (m)

Northing (m)

Latitude

Longitude

WTG

VYW01_R04_P07

382623

4544510

41° 02' 36.1005" N

70° 23' 47.5967" W

WTG

VYW01_R04_P08

383934

4543199

41° 01' 54.2744" N

70° 22' 50.5700" W

WTG

VYW01_R05_P01

373398

4551331

41° 06' 12.2481" N

70° 30' 27.6549" W

WTG

VYW01_R05_P02

374709

4550020

41° 05' 30.4796" N

70° 29' 30.5064" W

WTG

VYW01_R05_P03

376020

4548709

41° 04' 48.7028" N

70° 28' 33.3781" W

WTG

VYW01_R05_P04

377331

4547398

41° 04' 6.9177" N

70° 27' 36.2698" W

WTG

VYW01_R05_P05

378798

4545931

41° 03' 20.1506" N

70° 26' 32.3898" W

WTG

VYW01_R05_P06

380109

4544619

41° 02' 38.3155" N

70° 25' 35.3233" W

WTG

VYW01_R05_P07

381420

4543308

41° 01' 56.5046" N

70° 24' 38.2776" W

WTG

VYW01_R05_P08

382732

4541997

41° 01' 14.6859" N

70° 23' 41.2092" W

WTG

VYW01_R06_P01

372196

4550129

41° 05' 32.6047" N

70° 31' 18.2699" W

WTG

VYW01_R06_P02

373507

4548818

41° 04' 50.8430" N

70° 30' 21.1225" W

WTG

VYW01_R06_P03

374818

4547507

41° 04' 9.0731" N

70° 29' 23.9952" W

WTG

VYW01_R06_P04

376129

4546196

41° 03' 27.2949" N

70° 28' 26.8879" W

WTG

VYW01_R06_P05

377596

4544729

41° 02' 40.5355" N

70° 27' 23.0091" W

WTG

VYW01_R06_P06

378907

4543417

41° 01' 58.7073" N

70° 26' 25.9436" W
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Type

Name

Easting (m)

Northing (m)

Latitude

Longitude

WTG

VYW01_R06_P07

380218

4542106

41° 01' 16.9032" N

70° 25' 28.8989" W

WTG

VYW01_R06_P08

381530

4540795

41° 00' 35.0915" N

70° 24' 31.8315" W

WTG

VYW01_R07_P01

370994

4548927

41° 04' 52.9553" N

70° 32' 8.8680" W

WTG

VYW01_R07_P02

372305

4547616

41° 04' 11.2005" N

70° 31' 11.7217" W

WTG

VYW01_R07_P03

373615

4546305

41° 03' 29.4369" N

70° 30' 14.6382" W

WTG

VYW01_R07_P04

374926

4544994

41° 02' 47.6655" N

70° 29' 17.5320" W

WTG

VYW01_R07_P05

376394

4543527

41° 02' 0.9144" N

70° 28' 13.6115" W

WTG

VYW01_R07_P06

377705

4542215

41° 01' 19.0931" N

70° 27' 16.5471" W

WTG

VYW01_R07_P07

379016

4540904

41° 00' 37.2959" N

70° 26' 19.5034" W

WTG

VYW01_R07_P08

380328

4539593

40° 59' 55.4910" N

70° 25' 22.4369" W

WTG

VYW02_R01_P01

369528

4547461

41° 04' 4.5895" N

70° 33' 10.5563" W

WTG

VYW02_R01_P02

370512

4546478

41° 03' 33.2890" N

70° 32' 27.6638" W

WTG

VYW02_R01_P03

371495

4545495

41° 03' 1.9833" N

70° 31' 44.8253" W

WTG

VYW02_R01_P04

372478

4544512

41° 02' 30.6729" N

70° 31' 1.9981" W

WTG

VYW02_R01_P05

373461

4543529

41° 01' 59.3579" N

70° 30' 19.1822" W

WTG

VYW02_R01_P06

374929

4542061

41° 01' 12.5837" N

70° 29' 15.2624" W
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Type

Name

Easting (m)

Northing (m)

Latitude

Longitude

WTG

VYW02_R01_P07

375912

4541078

41° 00' 41.2570" N

70° 28' 32.4745" W

WTG

VYW02_R01_P08

376896

4540094

41° 00' 9.8939" N

70° 27' 49.6544" W

WTG

VYW02_R01_P09

377879

4539111

40° 59' 38.5579" N

70° 27' 6.8891" W

WTG

VYW02_R01_P10

378863

4538127

40° 59' 7.1854" N

70° 26' 24.0915" W

WTG

VYW02_R02_P01

368326

4546259

41° 03' 24.9269" N

70° 34' 1.1170" W

WTG

VYW02_R02_P02

369310

4545276

41° 02' 53.6316" N

70° 33' 18.2252" W

WTG

VYW02_R02_P03

370293

4544293

41° 02' 22.3310" N

70° 32' 35.3876" W

WTG

VYW02_R02_P04

371276

4543310

41° 01' 51.0258" N

70° 31' 52.5612" W

WTG

VYW02_R02_P05

372259

4542326

41° 01' 19.6835" N

70° 31' 9.7453" W

WTG

VYW02_R02_P06

373726

4540859

41° 00' 32.9489" N

70° 30' 5.8702" W

WTG

VYW02_R02_P07

374710

4539876

41° 00' 1.6279" N

70° 29' 23.0403" W

WTG

VYW02_R02_P08

375693

4538892

40° 59' 30.2693" N

70° 28' 40.2638" W

WTG

VYW02_R02_P09

376677

4537909

40° 58' 58.9391" N

70° 27' 57.4565" W

WTG

VYW02_R02_P10

377660

4536925

40° 58' 27.5712" N

70° 27' 14.7024" W

WTG

VYW02_R03_P01

367124

4545057

41° 02' 45.2583" N

70° 34' 51.6608" W

WTG

VYW02_R03_P02

368108

4544074

41° 02' 13.9682" N

70° 34' 8.7698" W
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Type

Name

Easting (m)

Northing (m)

Latitude

Longitude

WTG

VYW02_R03_P03

369091

4543091

41° 01' 42.6728" N

70° 33' 25.9330" W

WTG

VYW02_R03_P04

370074

4542108

41° 01' 11.3727" N

70° 32' 43.1074" W

WTG

VYW02_R03_P05

371057

4541124

41° 00' 40.0356" N

70° 32' 0.2923" W

WTG

VYW02_R03_P06

372524

4539657

40° 59' 53.3086" N

70° 30' 56.4184" W

WTG

VYW02_R03_P07

373508

4538674

40° 59' 21.9928" N

70° 30' 13.5894" W

WTG

VYW02_R03_P08

374491

4537690

40° 58' 50.6394" N

70° 29' 30.8136" W

WTG

VYW02_R03_P09

375475

4536707

40° 58' 19.3143" N

70° 28' 48.0070" W

WTG

VYW02_R03_P10

376458

4535723

40° 57' 47.9516" N

70° 28' 5.2538" W

WTG

VYW02_R04_P01

365922

4543855

41° 02' 5.5839" N

70° 35' 42.1877" W

WTG

VYW02_R04_P02

366905

4542872

41° 01' 34.2983" N

70° 34' 59.3404" W

WTG

VYW02_R04_P03

367889

4541889

41° 01' 3.0086" N

70° 34' 16.4616" W

WTG

VYW02_R04_P04

368872

4540906

41° 00' 31.7137" N

70° 33' 33.6368" W

WTG

VYW02_R04_P05

369855

4539922

41° 00' 0.3817" N

70° 32' 50.8225" W

WTG

VYW02_R04_P06

371322

4538455

40° 59' 13.6625" N

70° 31' 46.9498" W

WTG

VYW02_R04_P07

372306

4537472

40° 58' 42.3518" N

70° 31' 4.1216" W

WTG

VYW02_R04_P08

373289

4536488

40° 58' 11.0035" N

70° 30' 21.3466" W
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Type

Name

Easting (m)

Northing (m)

Latitude

Longitude

WTG

VYW02_R04_P09

374273

4535505

40° 57' 39.6836" N

70° 29' 38.5408" W

WTG

VYW02_R04_P10

375256

4534521

40° 57' 8.3260" N

70° 28' 55.7883" W

WTG

VYW02_R05_P01

364720

4542653

41° 01' 25.9035" N

70° 36' 32.6978" W

WTG

VYW02_R05_P02

365703

4541670

41° 00' 54.6231" N

70° 35' 49.8513" W

WTG

VYW02_R05_P03

366687

4540687

41° 00' 23.3386" N

70° 35' 6.9733" W

WTG

VYW02_R05_P04

367670

4539703

40° 59' 52.0164" N

70° 34' 24.1486" W

WTG

VYW02_R05_P05

368653

4538720

40° 59' 20.7219" N

70° 33' 41.3359" W

WTG

VYW02_R05_P06

370120

4537253

40° 58' 34.0104" N

70° 32' 37.4645" W

WTG

VYW02_R05_P07

371104

4536270

40° 58' 2.7049" N

70° 31' 54.6370" W

WTG

VYW02_R05_P08

372087

4535286

40° 57' 31.3617" N

70° 31' 11.8628" W

WTG

VYW02_R05_P09

373071

4534303

40° 57' 0.0469" N

70° 30' 29.0578" W

WTG

VYW02_R05_P10

374054

4533319

40° 56' 28.6945" N

70° 29' 46.3061" W

WTG

VYW02_R06_P01

363518

4541451

41° 00' 46.2172" N

70° 37' 23.1910" W

WTG

VYW02_R06_P02

364501

4540468

41° 00' 14.9419" N

70° 36' 40.3454" W

WTG

VYW02_R06_P10

372852

4532117

40° 55' 49.0570" N

70° 30' 36.8071" W

ESP

OSS-I_01

376621

4554553

41° 07' 58.4773" N

70° 28' 11.8402" W
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Type

Name

Easting (m)

Northing (m)

Latitude

Longitude

ESP

OSS-I_02

376650

4554581

41° 07' 59.4088" N

70° 28' 10.6199" W

ESP

OSS-II_01

369172

4547106

41° 03' 52.8918" N

70° 33' 25.5240" W

ESP

OSS-II_02

369143

4547079

41° 03' 51.9694" N

70° 33' 26.7428" W

CLARENDON HILL CONSULTING, LLC

Water Depth (m)

221

Navigational Risk Assessment for Vineyard Wind
Appendix F: High Speed Craft and Passenger Vessels within the Eastern and Western Cable Route (OECC) in 2016

APPENDIX F: High Speed Craft and Passenger Vessels within the Eastern and Western Cable Route (OECC) in 2016
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APPENDIX F Table F-1: High Speed Craft and Passenger Vessels within the Eastern and Western Cable Route (OECC) in 2016.
11

AIS Type

AIS Count

MV Grey Lady

High Speed Craft

2781

M/V Iyanoug

High Speed Craft

1207

M/V Lady Martha

High Speed Craft

849

M/V Vineyard Lady

High Speed Craft

450

M/V Whaling City Exp

High Speed Craft

10

Marthas's Vineyard Ec

High Speed Craft

145

Seastreak Highlands

High Speed Craft

3

Bay Spirit

Passenger

8

Helen H

Passenger

74

M/V Eagle

Passenger

19

Vessels present in Combined Cable Route Buffer

11

500 m buffer around Eastern and Western Cable Route.
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11

AIS Type

AIS Count

M/V Gay Head

Passenger

19

M/V Katama

Passenger

6

M/V Nantucket

Passenger

19

M/V Sakaty

Passenger

21

Viking

Passenger

5

American Glory

Passenger

12

American Star

Passenger

3

Grande Mariner

Passenger

2

Independence

Passenger

2

M/V Woods Hole

Passenger

2

Vessels present in Combined Cable Route Buffer

Total
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a

Capitol Airspace conducted an aviation impact analysis for the Vineyard wind project. This project
consists of an approximately 261 square mile Lease Area (red outline, Figure 1) with as many as 106 wind
turbines (black points, Figure 1) located in the northeastern majority of the Lease Area. The purpose for
this analysis was to identify aviation impacts resulting from the construction of 696 foot above mean
lower-low water (MLLW) wind turbines within the Lease Area.1, 2
The Federal Aviation Administration (FAA) is authorized to conduct aeronautical studies for structures
proposed within the United States and its territorial waters. The FAA’s objective in conducting
aeronautical studies is to ensure that proposed structures do not have an effect on the safety of air
navigation or the efficient utilization of navigable airspace. Eight of the 106 wind turbines may be
located within territorial waters and, as a result, would require submittal to the FAA so that an
aeronautical study can be conducted. For the remainder of the turbine locations, there is no
requirement for an FAA aeronautical study. However, this analysis assessed the entire Lease Area for the
same physical airspace impacts that are evaluated during an FAA aeronautical study.
Obstacle clearance surface heights overlying the Vineyard wind project are a constant 549, 1,300, 1,349,
or 4,849 feet above mean sea level (AMSL) and are associated with instrument approach procedures as
well as minimum vectoring and instrument flight rules (IFR) altitude sectors. At 696 feet, as many as 52
wind turbines would require an increase to minimum vectoring altitudes. However, historical air traffic
data obtained from the FAA indicates that it is unlikely this impact would affect a significant volume of
operations.
This study did not consider electromagnetic interference on communications, navigation systems, or
radar surveillance systems.

1

Capitol Airspace applies FAA defined rules and regulations applicable to obstacle evaluation, instrument procedures assessment and
visual flight rules (VFR) operations to the best of its ability and with the intent to provide the most accurate representation of limiting
airspace surfaces as possible. Capitol Airspace maintains datasets obtained from the FAA which are updated on a 56 day cycle. The results
of this analysis are based on the most recent data available as of the date of this report. Limiting airspace surfaces depicted in this report
are subject to change due to FAA rule changes and regular procedure amendments.
2

For reference, Nantucket Island, Massachusetts datum information indicates that the MLLW is 1.77 feet below the station’s mean sea
level.

1

Capitol Airspace studied the proposed project based upon information provided by Vineyard Wind LLC.3
Using this information, Capitol Airspace generated graphical overlays to determine proximity to airports
(Figure 1), published instrument procedures, enroute airways, FAA minimum vectoring altitude and
minimum instrument flight rules (IFR) altitude charts, and military airspace and training routes.
Capitol Airspace evaluated all 14 CFR Part 77 imaginary surfaces, published instrument departure and
approach procedures, visual flight rules operations, FAA minimum vectoring altitudes, minimum IFR
altitudes, and enroute operations. All formulas, headings, altitudes, bearings and coordinates used
during this study were derived from the following documents and data sources:








14 CFR Part 77 Safe, Efficient Use, and Preservation of the Navigable Airspace
FAA Order 7400.2L Procedures for Handling Airspace Matters
FAA Order 8260.3C United States Standard for Terminal Instrument Procedures
FAA Order 8260.58A United States Standard for Performance Based Navigational Instrument Procedure Design
United States Government Flight Information Publication, US Terminal Procedures
National Airspace System Resource Aeronautical Data
National Oceanic and Atmospheric Administration, Office of Coast Survey, U.S. Maritime Limits & Boundaries

Figure 1: Public-use (blue) and private-use (red) airports in proximity to the Lease Area
3

Wind turbine locations were derived by georeferencing site overview graphics provided by Vineyard Wind LLC. Due to inaccuracies
associated with georeferencing, it is possible that wind turbine locations may differ slightly from those described and depicted in this
report.

2

The FAA establishes different volumes of airspace depending on the nature of aviation operations that
will be encompassed. Airspace classification is often dictated by the volume and complexity of
operations or the need to ensure certain levels of safety. Each segment of airspace may have defined
rules and/or access restrictions to ensure separation or awareness of incompatible aviation operations.
Depending on the type of airspace, obstacles located within or below these segments of airspace can
cause a compression of airspace, increased minimum altitudes, or pose a hazard to the special
operations occurring within special-use airspace.
Territorial Airspace
The FAA is authorized to conduct aeronautical studies for structures proposed within any state,
territory, or possession of the United States, within the District of Columbia, or within territorial
waters (purple, Figure 2) surrounding the United States.4 Eight of the proposed wind turbines
(orange points, Figure 2) may located within territorial waters and must be submitted to the
FAA.5

Figure 2: Territorial Airspace overlying the Lease Area

4

As described in FAA Order 7400.2L 5-1-4(a) “Scope”

5

National Oceanic and Atmospheric Administration (NOAA) defines territorial waters as 12 nautical miles measured from the official U.S.
baseline – a recognized low-water line along the coast. NOAA publishes this boundary in a publicly available Web Map Service.

3

Controlled Airspace
Class E, East Coast Low Area, and Atlantic Low Area
Controlled airspace defines the volumes of airspace within which air traffic control services are
provided. These segments of airspace often define different operating requirements that are
imposed upon pilots, including weather, communication, and equipment minimums. Controlled
airspace overlies all of the proposed wind turbines and has varying “floors” to define the vertical
start of the airspace. These floors range from 1,200 to 5,500 feet AMSL (Figure 3).

Figure 3: Controlled Airspace overlying the Lease Area

4

Special-Use and Other Airspace
Warning Area W-105A
W-105A defines a block of airspace ranging from the surface up to 50,000 feet AMSL (dark blue,
Figure 4) and is meant to notify “nonparticipating pilots” of the likelihood of hazardous
operations which could pose a danger to unaware pilots. This airspace overlies 90 of the
proposed wind turbine locations and the southern majority of the Lease Area.
Air Defense Identification Zone (ADIZ)
All international flights entering the United States domestic airspace must provide the
appropriate documentation prior to entering the ADIZ. Being located in proximity to this
boundary is not likely to have a physical impact on aviation operations.

Figure 4: Warning Area W-105A (blue) and Air Defense Identification Zone (ADIZ) (purple)

5

In order to identify the number of operations that could be effected by aviation impacts resulting from
the proposed wind turbines, Capitol Airspace analyzed historical air traffic data. This data was obtained
from the National Offload Program (NOP) through a Freedom of Information Act (FOIA) request and
contained more than 30 million radar returns.6 These radar returns were associated with 255,577
different radar tracks.
Historical FAA air traffic data indicates that 3,628 radar tracks had at least one radar return at or below
5,000 feet AMSL and within 2 statute miles of the Lease Area (Table 1 & Figure 5).7 3,288 (90.6%) of
these flights transited the airspace at altitudes between 1,500 and 5,000 feet AMSL. Further, many of
the identified radar returns occurred at or below mean sea level. These results appeared to be
erroneous. Removal of these erroneous flights decreased the total flight count for flights at or below
1,500 feet AMSL and within 2 statute miles of the Lease Area to 31.
Considering the nature of historical operations identified in FAA’s dataset, it is unlikely that any aviation
impacts resulting from the proposed wind development would affect a significant volume of operations.
Airspace Analyzed
(within 2 Statute Miles of Lease Area)

Number of Radar Tracks
Grouped by Transponder Code
Discrete (Non-1200)
Non-Discrete (1200)

Total

5,000 feet AMSL and Below

3,517

111

3,628

1,500 feet AMSL and Below

265

75

340
(green tracks, Figure 5)

17

14

31
(blue, Figure 5)

1,500 feet AMSL and Below
(excluding radar returns at or below
mean sea level)

Table 1: Historical radar tracks identified within 2 statute miles of Lease Area

6

Historical air traffic data requested from the FAA included radar returns identified within 40 nautical miles of 40° 55’ 45.223”N, 70° 29’
46.780”W, at or below 5,000 feet AMSL, and occurring between October 1, 2016 and September 30, 2017.
7

As a result of the radar’s automation system, many of the non-discrete radar tracks are duplicative. Capitol Airspace considered a radar
track to be duplicative if it started or ended within 90 seconds of a similar non-discrete radar track.

6

Figure 5: Historical air traffic evaluated within two statute miles of the Lease Area and at 5,000 feet AMSL or below

7

The FAA uses level and sloping imaginary surfaces to determine if a proposed structure is an obstruction
to air navigation. Structures that are identified as obstructions are then subject to a full aeronautical
study and increased scrutiny. However, exceeding a Part 77 imaginary surface does not automatically
result in the issuance of a determination of hazard. Proposed structures must have airspace impacts
that constitute a substantial adverse effect in order to warrant the issuance of determinations of hazard.
Public-use airport 14 CFR Part 77.17(a)(2) and Part 77.19 imaginary surfaces (e.g., Figure 6) do not
overlie the lease area. However, at 696 feet, proposed wind turbines will exceed 14 CFR Part 77.17(a)(1)
– a height of 499 feet at the site of the object – and would be identified as obstructions during an
aeronautical study.

Figure 6: 14 CFR Part 77.17(a)(2) (dashed blue) imaginary surfaces in proximity to the Lease Area

8

Aircraft operating under visual flight rules (VFR) are required to see and avoid terrain, obstacles, and
other air traffic. During periods of marginal weather (low clouds and/or visibility), obstacles may not be
easily discernible and can be difficult to avoid. Within the United States, obstacles that exceed
obstruction standards are typically required to be marked and lighted to increase their conspicuity.
These requirements apply to all structures in excess of 499 feet.
Since the Lease Area is located offshore, it is unlikely that the proposed wind turbines would have an
impact on regular VFR operations such as airport traffic patterns (e.g., Figure 7) and VFR routes.
However, offshore aviation activities such as aerial fish spotting may occur in proximity to the proposed
wind turbines.
In order to increase pilot awareness of the proposed wind turbines, Capitol Airspace recommends that
Vineyard Wind LLC request the issuance of a Notice to Airmen (NOTAM) indicating the location and
height of the wind project. Additionally, consideration should be given to installing a lighting system in
accordance with guidelines defined for offshore wind turbines.8
These two recommended options are likely to aid in mitigating any impact on VFR operations within the
vicinity of the proposed wind project.

Figure 7: Category D VFR Traffic Pattern Airspace (gray) in proximity to the Lease Area

8

FAA Advisory Circular 70/7460-1L contains marking and lighting standards for onshore wind turbines. It is believed that the FAA and the
Bureau of Ocean Energy Management (BOEM) are collaborating to publish marking and lighting standards for offshore wind turbines.

9

In order to ensure that aircraft departing during marginal weather conditions do not fly into terrain or
obstacles, the FAA publishes instrument departure procedures that provide obstacle clearance to pilots
as they transition between the terminal and enroute environments. These procedures contain specific
routing and minimum climb gradients to ensure clearance from terrain and obstacles.
Proposed structures that exceed instrument departure procedure obstacle clearance surfaces would
require an increase to minimum climb gradients and/or change to routing. However, instrument
departure procedure obstacle clearance surfaces (e.g., Figure 8) are in excess of other lower surfaces
and should not limit 696 foot wind turbines within the Lease Area.

Figure 8: Martha’s Vineyard Airport (MVY) and Nantucket Memorial (ACK)
obstacle departure procedure assessment
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Pilots operating during periods of reduced visibility and low cloud ceilings rely on terrestrial and satellite
based navigational aids (NAVAIDs) in order to navigate from one point to another and to locate runways.
The FAA publishes instrument approach procedures that provide course guidance to on-board avionics
that aid the pilot in locating the runway. Capitol Airspace assessed a total of 13 published instrument
approach procedures at two public-use airports in proximity to the Vineyard wind project:
Nantucket Memorial (ACK)
ILS or Localizer Approach to Runway 06
ILS or Localizer Approach to Runway 24
RNAV (GPS) Approach to Runway 06
RNAV (GPS) Approach to Runway 15
RNAV (GPS) Approach to Runway 24
RNAV (GPS) Approach to Runway 33
VOR Approach to Runway 24

Martha’s Vineyard (MVY)
ILS or Localizer Approach to Runway 24
RNAV (GPS) Approach to Runway 06
RNAV (GPS) Approach to Runway 15
RNAV (GPS) Approach to Runway 24
RNAV (GPS) Approach to Runway 33
VOR Approach to Runway 06

Proposed wind turbines that exceed instrument approach procedure obstacle clearance surfaces would
require an increase to their minimum altitudes. Increases to these altitudes, especially critical decision
altitudes (DA) and minimum descent altitudes (MDA), can directly impact the efficiency of instrument
approach procedures.
Nantucket Memorial Airport (ACK)
RNAV (GPS) Approach to Runway 06 (Figure 9) / RNAV (GPS) Approach to Runway 24,
ILS or Localizer Approach to Runway 06 / ILS or Localizer Approach to Runway 24
For each of these instrument approach procedures, the UFTAC minimum holding altitude is
2,300 feet AMSL. The associated obstacle clearance surfaces range from 1,300 to 2,300 feet
AMSL and are the lowest height constraint in a very small eastern section of the Lease Area.
However, these surfaces should not limit 696 foot wind turbines within the Lease Area (green,
Figure 9).
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Figure 9: Nantucket Memorial Airport (ACK) RNAV (GPS) Approach to Runway 06
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The FAA publishes minimum vectoring altitude (MVA) and minimum instrument flight rules (IFR) altitude
charts that define sectors with the lowest altitudes at which air traffic controllers can issue radar vectors
to aircraft based on obstacle clearance. The FAA requires that sectors have a minimum of 1,000 feet of
obstacle clearance in non-mountainous areas and normally 2,000 feet in mountainous areas.
Proposed structures that exceed minimum vectoring/IFR altitude sector obstacle clearance surfaces
would require an increase to the lowest altitudes useable by air traffic controllers for vectoring aircraft.
Cape (K90) Terminal Radar Approach Control (TRACON)
Sector A 9
The minimum vectoring altitude is 1,500 feet AMSL; the associated obstacle clearance surface
(hatched purple, Figure 10) is 549 feet AMSL and is the lowest height constraint overlying
northern sections of the Lease Area.
Providence (PVD) TRACON
Sector C 10
The minimum vectoring altitude is 1,500 feet AMSL; the associated obstacle clearance surface
(hatched purple, Figure 11) is 549 feet AMSL and is the lowest height constraint overlying the
northern section of the Lease Area.
Boston (ZBW) Air Route Traffic Control Center
Sectors bBOS04, bBOS06, and bBOS07
These sectors’ minimum vectoring altitudes range from 2,300 to 5,800 feet AMSL overlying the
project; the associated obstacle clearance surfaces range from 1,349 to 4,849 feet AMSL and are
some of the lowest height constraints overlying the southern majority of the Lease Area.
At 696 feet, as many as 52 of the proposed wind turbines would require an increase to Cape (K90)
TRACON and/or Providence (PVD) TRACON minimum vectoring altitudes. However, historical air traffic
data obtained from the FAA NOP indicates that this impact is not likely to affect a significant volume of
operations (defined as an average of one or more flights per week). As a result, both air traffic control
facilities may be amenable to modifying their minimum vectoring altitude charts in order to
accommodate the proposed wind development.

9

Cape (K90) TRACON may utilize one of four different minimum vectoring altitude charts including K90_ACK_MVA_2014,
K90_FMH_MVA_2014, K90_ACK_CENRAP_MVA_2014, and K90_FMH_CENRAP_MVA_2014. Each minimum vectoring altitude chart utilizes
similar Sector A boundaries.
10

Providence (PVD) TRACON may utilize one of two different minimum vectoring altitude charts including PVD_PVD_MVA_2015 and
PVD_MVA_MULTI_2015. Each minimum vectoring altitude chart utilizes similar Sector C boundaries.
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Figure 10: Cape (K90) TRACON CENRAP minimum vectoring altitude sectors (black)
with Sector A obstacle evaluation area (hatched purple)

Figure 11: Providence (PVD) TRACON MULTI minimum vectoring altitude sectors (black)
with Sector C obstacle evaluation area (hatched purple)
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Enroute airways provide pilots a means of navigation when flying from airport to airport and are defined
by radials between VHF omni-directional ranges (VORs). The FAA publishes minimum altitudes for
airways to ensure clearance from obstacles and terrain. The FAA requires that each airway have a
minimum of 1,000 feet of obstacle clearance in non-mountainous areas and normally 2,000 feet in
mountainous areas.
Proposed structures that exceed enroute airway obstacle clearance surfaces would require an increase
to minimum obstruction clearance altitudes (MOCA) and/or minimum enroute altitudes (MEA).
However, enroute airway obstacle clearance surfaces (e.g., Figure 12) are in excess of other lower
surfaces and should not limit 696 foot wind turbines within the Lease Area.

Figure 12: Low altitude enroute chart L-13 and Lease Area
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Various segments of airspace overlie the Lease Area, including: United States territorial airspace (Figure
2), different levels of controlled airspace (Figure 3), and special-use airspace (Figure 4). Depending on the
nature of operations occurring within these blocks of airspace, obstacles located within or below these
segments of airspace can cause a compression of airspace, increased minimum altitudes, or pose a
hazard to the special operations occurring within special-use airspace.
In order to identify the nature of operations occurring in proximity to the Lease Area, Capitol Airspace
analyzed one year’s worth of historical air traffic data. This data indicated that 90.6% of flights identified
within 2 statute miles of the Lease Area were operating at higher altitudes (between 1,500 and 5,000
feet AMSL). Considering the nature of historical operations identified in FAA’s dataset, it is unlikely that
any aviation impacts resulting from the proposed wind development would affect a significant volume
of operations.
Within territorial waters, wind turbines must be submitted to the FAA so that an aeronautical study can
be conducted. At 696 feet, proposed wind turbines will exceed 14 CFR Part 77.17(a)(1) – a height of 499
feet at the site of the structure – and will be determined to be obstructions. However, heights in excess
of this surface are feasible provided the proposed wind turbines do not exceed FAA obstacle clearance
surfaces requiring procedural changes that would affect a significant volume of operations.
FAA obstacle clearance surfaces overlying the Vineyard wind project are a constant 549, 1,300, 1,349, or
4,849 feet AMSL (Figure 13) and are associated with Nantucket Memorial Airport instrument approach
procedures (Figure 9), Cape (K90) TRACON and Providence (PVD) TRACON minimum vectoring altitude
sectors, and Boston (ZBW) ARTCC minimum IFR altitude sectors (Figure 10 & Figure 11).
At 696 feet, as many as 52 of the proposed wind turbines will require an increase to Cape (K90) TRACON
and Providence (PVD) TRACON minimum vectoring altitudes. However, considering the historical
operations transiting this airspace, as well as flights transiting in close proximity to the Lease Area ( Table
1 & Figure 5), it is unlikely that the increase to minimum vectoring altitudes would affect a significant
number of operations.
If you have any questions regarding the findings of this study, please contact Ron Morgan or Joe
Anderson at (703) 256-2485.
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Vineyard Wind is hoping to develop the first utility-scale offshore wind energy project off the coast of Massachusetts,
generating clean, renewable and cost-competitive energy to power thousands of homes and businesses across the
state. The Vineyard Wind parent companies consists of funds managed by Copenhagen Infrastructure Partners (CIP),
whose Senior Partners are pioneers with an unparalleled track record in the offshore wind industry, and Avangrid
Renewables (AR), the third largest onshore wind developer in the US with operations in more than 20 states, a Lead
Market Participant in the ISO-NE market and an affiliate of the Iberdrola Group, the world’s largest wind developer with
more than 15,000 MW of wind installed.

EXECUTIVE SUMMARY
BACKGROUND
The Public Policy Center (PPC) at UMass Dartmouth conducted this analysis to describe
the economic contributions to employment and economic output that the proposed 800
MW Vineyard Wind Offshore Wind Energy Project can be expected to have on the
Commonwealth of Massachusetts and the regional economy of Southeastern
Massachusetts (SEMA).
This analysis is designed to support the development of a conservative and credible
estimate of the economic impact of the Vineyard Wind proposal in response to inquiries
contained in the Request for Proposals for Long-Term Contracts for Offshore Wind Energy
Projects (RFP) issued by the state’s four electric distribution companies in coordination
with the Massachusetts Department of Energy Resources (DOER).
Vineyard Wind provided the PPC with detailed job creation estimates and expenditures
for each project phase for their proposed 800 MW project. These estimates were based
on the Vineyard Wind team’s extensive experience and knowledge building similar sized
projects in Europe, as well as information Vineyard Wind required supply chain
companies to provide when submitting proposals. The PPC thoroughly reviewed the
direct job creation and expenditure estimates, applying its expertise informed by data
gathered from previous related work, interviews with industry leaders, site visits to
European wind farm developments and ports, and an extensive literature review.
MAJOR FINDINGS
A comprehensive analysis of the proprietary project data for the 800 MW OSW
development being proposed by Vineyard Wind finds that a substantial and positive
economic impact can be expected in both Massachusetts and SEMA (see table below).
Direct FTE Job Years Over the Project Period
PreTotal Direct Construction &
FTEs
Development

Region

Construction

O&M Annual

O&M Lifetime
Job Years

*Total JobYears

974
1,426

80
81

2,000
2,025

3,180
3,658

Massachusetts

1,180
1,633

126
126

Base Scenario

1,151

119

952

80

2,000

3,151

High Scenario

1,407

119

1,207

81

2,025

3,432

Base Scenario
High Scenario
SEMA

Specifically, in Massachusetts:


The proposed Vineyard Wind project will support an estimated 3,180 direct FTE
job years across all phases over the project period under the Base scenario and
3,658 direct FTE job years in the High scenario. This total includes job years over
the entire 25-year Operations phase.
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Under the Base scenario, there are expected to be 1,100 FTE job years during the
Development and Construction phases. During the O&M phase, there are
expected to be 80 FTEs annually over 25 years, for a total of 2,000 FTE job years.



Under the High scenario, there are expected to be 1,552 FTE job years during the
Development and Construction phases. During the O&M phase, there are
expected to be 81 FTEs annually over 25 years, for a total of 2,025 FTE job years.



In terms of the actual number of workers (not FTEs), the project is expected to
employ 1,706 workers in the Base scenario and 2,120 workers in the High
scenario across all the project phases.

INDIRECT AND INDUCED IMPACTS
The spending associated with direct impacts is estimated to generate and support a
significant number of additional indirect and induced jobs in both Massachusetts and
SEMA. Specifically, our Base scenario analysis finds that in Massachusetts:


Vineyard Wind’s direct payroll and non-payroll expenditures are expected to
generate an additional 373 indirect jobs in Massachusetts during the
Development and Construction phases and support an additional 26 jobs
annually during the 25-year Operations period.



The direct and indirect impacts of the proposed project are expected to induce
an additional 898 jobs during the Development and Construction phases and
support an additional 63 jobs annually during the 25-year operations period.

In our High Scenario, we find that in Massachusetts:


Vineyard Wind’s direct payroll and non-payroll expenditures are expected to
generate an additional 408 jobs during the Development and Construction
phases and support an additional 29 jobs annually during the 25-year Operations
period.



The direct and indirect impacts of the proposed project are expected to induce
an additional 1,102 jobs during the Development and Construction phases and
support an additional 69 jobs annually during the 25-year operations period.
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STATE AND LOCAL TAX IMPACTS
The new economic activity that would result from the development of the proposed 800
MW project will have a substantial and positive impact on state and local tax receipts in
Massachusetts and SEMA.
Specifically, we estimate that:


The amount that will be paid in state and local taxes as a result of the
development, construction, and annual operation of the 800 MW Vineyard Wind
project is $14.7 million in the Base scenario and $17.0 million in the High
scenario.



This includes an estimated increase in Massachusetts personal income tax
payments between $4.1 million and $4.7 million, an increase in sales taxes
between $5.2 million and $6.0 million, and an increase in local property taxes
between $3.0 million and $3.5 million, for the Base and High scenarios
respectively.



Corporate income taxes can be expected to increase by $1.2 million in the Base
scenario and $1.4 million in the High scenario.

Notably, these tax impacts include only one year of expenditures for the O&M phase,
although tax impacts will continue annually over the wind farm’s 25-year lifetime as
payroll and non-payroll expenditures are spent to support the wind farm’s operation.
Estimated State and Local Tax Impacts as a Result Of
Vineyard Wind’s Payroll and Non-Payroll Expenditures
Personal Income taxes
Other Personal Taxes
*Payroll taxes
Sales taxes
Property taxes
Corporate taxes
Fees & other taxes
Total

Base
$4,132,689
$546,879
$66,770
$3,018,548
$5,178,301
$1,230,736
$500,065
$14,673,988

High
$4,663,992
$617,186
$75,225
$3,542,512
$6,077,159
$1,390,876
$586,866
$16,953,816

*Includes both employee and employer paid payroll taxes

Impact of Proposed Community Investments and Host Community Agreements
There are several additional activities proposed by Vineyard Wind that, while not directly
related to the Development, Construction, or Operations phases of the proposed project,
can be expected to have a positive economic impact on both the Commonwealth and
SEMA. The activities include a proposed $10 million “Offshore Wind Industry Accelerator
Fund” and a $2 million “Windward Workforce” fund that will support the recruitment and
training of Massachusetts residents for careers in offshore wind. Vineyard Wind reports
that they are also negotiating, or seeking to negotiate, host community agreements with
Yarmouth, Barnstable, and possibly other communities and organizations in the project
area.

iii

Vineyard Wind Direct Payments
Payment Description

Amount

Offshore Wind Industry Accelerator Fund

$10.0m

Windward Workforce

$2.0m

Host Community Agreements

$1.5m

We estimate that these expenditures will generate a total of 179 jobs, $14.7 million in
total labor income, $15.1 million in total value added, and $35.5 million in total output.
Catalyzing High Quality, Year-Round Job Opportunities in a Highly Seasonal Economy
Developing, constructing, operating, and maintaining the proposed 800 MW offshore
wind project will require workers drawn from a diverse range of occupations that
represent a wide distribution of skill and educational levels, ranging from white collar jobs
such as environmental scientists and engineers to blue collar jobs such as iron workers,
longshoremen, and machine operators. The workforce needs of the proposed project are
well aligned with the education and skill levels of SEMA residents, a region characterized
by traditional blue-collar urban areas bordered by more affluent suburbs. Further, the
broad occupational needs of the project also provide opportunities for project staff to
work their way up the occupational ladder within the emerging OSW industry, whether
through continuing education or on-the-job training and acquired experience during the
project period.
Notably, these steady and well-paying jobs will have a significant positive impact on
Martha’s Vineyard economy, which experiences severe seasonal fluctuations in
employment due to its largely tourism dependent economy Adding long-term and high
quality year-round employment will significantly increase the number of opportunities for
local workers to obtain presently unavailable stable sources of full-time year-round
income. This can be expected to have a positive and stabilizing impact on one of the
Commonwealth’s most highly seasonal regional economies beyond that which can be
directly captured by this analysis.
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Proposed Vineyard Wind 800 MW Offshore Wind Energy Project:
Estimated Contribution To Employment And Economic Development

1

INTRODUCTION

The Public Policy Center (PPC) at UMass Dartmouth conducted this analysis to describe the
economic contributions to employment and economic output that the Vineyard Wind
Offshore Wind Energy Project can be expected to have on the Commonwealth of
Massachusetts and the regional economy of Southeastern Massachusetts (SEMA). SEMA is
defined as Barnstable County (Cape Cod), Bristol County, Dukes County (Martha’s Vineyard),
Nantucket County, and Plymouth County (see Figure 1).
Figure 1
Areas of Analysis

The analysis is designed to support the development of a credible estimate of the economic
impact of the Vineyard Wind proposal in response to inquiries contained in the Request for
Proposals for Long-Term Contracts for Offshore Wind Energy Projects (RFP) issued by the
state’s four electric distribution companies in coordination with the Massachusetts
Department of Energy Resources (DOER). The genesis of the RFP is Section 83D of the Green
Communities Act, which aims to promote energy diversity in the Commonwealth by requiring
Massachusetts electric distribution companies to “jointly and competitively solicit proposals
for clean energy generation and, provided that reasonable proposals have been received,
shall enter into cost effective long-term contracts for clean energy generation for an annual
amount of electricity equal to approximately 9,450,000 megawatt-hours by December 31,
2022.”1
The Act Relative to Energy Diversity was signed into law by Massachusetts Governor Charles
Baker in August 2016. Among other things, the Act requires Massachusetts electricity

1

An Act Relative to Energy Diversity (H. 4568). See https://malegislature.gov/Laws/SessionLaws/
Acts/2016/Chapter188. Retrieved December 5, 2017.
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distribution companies to procure 1,600 megawatts (MW) of cost-effective offshore wind
energy by June 2027.2 As a consequence, Section 83C, a second provision of the Green
Communities Act, was enacted specifically “to ensure that the Distribution Companies enter
into cost-effective contracts for Offshore Wind Energy Generation equal to approximately
1,600 MW of aggregate nameplate capacity not later than June 30, 2027.” Accordingly, an
RFP under Section 83C was issued by the state’s four electric distribution companies and
DOER as “… part of a staggered procurement schedule developed by the Distribution
Companies and DOER, in accordance with Section 83C.” 3
The RFP solicitation specifies that distribution companies are seeking to procure 400 MW of
offshore wind energy generation, and will consider procuring up to approximately 800 MW
if the Evaluation Team determines that a larger-scaled proposal is “both superior to other
proposals in response to the RFP and is likely to produce significantly more economic net
benefits to ratepayers based on the evaluation criteria set forth in this RFP.” The RFP also
notes that eligible bidders may also submit alternative proposals with a nameplate capacity
of no less than 200 MW.
This report includes an analysis of the employment and economic development impacts of
the proposed 800 MW project.

1.1

RFP SECTIONS ADDRESSED IN THIS ANALYSIS

This analysis is designed specifically to support responses to the following five specific
components of the Request For Proposals For Long-Term Contracts For Offshore Wind Energy
Projects:
Section 14.1

Please provide an estimate of the number of jobs to be created directly
during project development, and construction, and during operations,
and a general description of the types of jobs created, estimated annual
compensation, the employer(s) for such jobs, and the location. Please
treat the development, construction, and operation and maintenance
periods separately in your response.

Section 14.2

Please provide the same information as provided in response to
question 14.1 above but with respect to jobs that would be indirectly
created as a result of the proposed project.

Section 14.3

Please describe any other economic development impacts (either
positive or negative) that could result from the proposed project, such
as creating property tax revenues, creating lease revenues to public and
private parties, or purchasing capital equipment, materials or services
for local businesses. Please provide the location(s) where these
economic development benefits are expected to occur.

2

See https://malegislature.gov/Bills/189/House/H4568. Retrieved December 5, 2017.
Request For Proposals For Long-Term Contracts For Offshore Wind Energy Projects. Massachusetts Department
of Energy. June 29, 2017.
3
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Section 14.4

Please describe any tracking or reporting mechanisms, such as an
annual report(s) of milestones achieved and jobs created, to verify the
contributions to employment and economic development identified in
14.1, 14.2 and 14.3.

Section 14.5

To the extent not already specified elsewhere in your response, please
address the factors listed in Section 2.2.2.7 and describe any benefits or
impacts associated with the proposed project. 4

This report is organized into four primary sections designed to inform the Vineyard Wind
proposal’s responses to the aforementioned RFP components:
Section 4 describes the direct job and expenditure requirements to construct the project
for two geographic areas: the Commonwealth of Massachusetts and Southeastern
Massachusetts. Impacts are reported for Base and High scenarios. The section also
reports the types of jobs that will be created and average and aggregate annual
compensation by major occupational category.
Section 5 describes the full economic impacts of the project, including the indirect and
induced economic impacts of the project on the Commonwealth of Massachusetts and
Southeastern Massachusetts. Impacts are reported for Base and High scenarios. The
section also reports the types of jobs that will be created as a result of the indirect and
induced impacts.
Section 6 provides an estimate of the expected tax revenues that will be generated by
payroll and expenditures of the Massachusetts-based employees, contractors, and
suppliers, and the employees of those contractors and supplier associated with the Base
and High scenarios.
Section 7 describes other anticipated economic development effects such as the impact
of Vineyard Wind’s proposed Offshore Wind Industry Accelerator Fund, and Host
Community Agreements with the towns of Barnstable, Vineyard Haven, and Yarmouth.

4

2.2.2.7 pertains to a bidder’s ability to demonstrate that its proposal can be developed, financed, constructed
and technically viable within a commercially reasonable timeframe.
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2

THE VINEYARD WIND PROJECT

Massachusetts waters have the largest technical offshore wind potential of any state in the
contiguous U.S.5 Theoretically, capturing all of Massachusetts’ OSW energy could generate
over 18 times the state’s existing electricity consumption. Figure 2 displays the gross
technical offshore wind potential by state and water depth, if all areas could be developed.
Figure 2
Technical Offshore Wind Potential by State and Water Depth (TWh/yr)
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Source: National Renewable Energy Laboratory, 2016

Massachusetts issued its first comprehensive Ocean Management Plan for state waters in
2009, identifying areas appropriate for offshore wind development (see Figure 3).6 Then in
2013, the Bureau of Ocean Energy Management (BOEM) held its first competitive offshore
commercial wind lease sale, auctioning off 164,750 acres within the “area of mutual interest”
defined by Rhode Island and Massachusetts in a Memorandum of Understanding between
the two states in 2010.
Two of the lease areas in the Massachusetts Wind Energy Area (WEA) were auctioned off in
2015, with one of those areas being leased by Vineyard Wind (OCS-A 501 in Figure 3).
Vineyard Wind is hoping to develop the first utility-scale offshore wind energy project off the
coast of Massachusetts.

5

Beiter, P., Musial, W., Schwabe, P., Spitsen, P., Stehly, T., & Tian, T. (2017). 2016 Offshore Wind Technologies
Market Report. U.S. Department of Energy Office of Energy Efficiency & Renewable Energy National Renewable
Energy Laboratory. NREL publication GO-102017-5031.
6
Commonwealth of Massachusetts, Executive Office of Energy and Environmental Affairs, 2015 Massachusetts
Ocean Management Plan, Volume 1 Management and Administration (2015), p. 1-1.
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Figure 3
Massachusetts Offshore Wind Project Areas

Source: Bureau of Ocean Energy Management

2.1

PROJECT PHASES

The development and construction of the Vineyard Wind project will proceed in phases. Our
analysis assesses and reports impacts for each of the three major development phases, PreConstruction & Development, Construction, and Operations & Maintenance (O&M).

2.1.1

PRE-CONSTRUCTION AND DEVELOPMENT

The Pre-Construction & Development phase covers the activities, such as planning and
permitting, that precede the start of wind farm construction. The first step involves
identifying and selecting potential sites for an offshore wind project. Important factors that
require thorough examination include wind strength and occurrence, the characteristics of
the seabed, and the possible environmental impacts. Around the time when the project
location has been determined, design of the plant and communication with the grid operator
begins. The final step of this phase includes obtaining consent from all necessary bodies, such
as local or national governments, and it requires that all permits and contracts are completed,
with a clear and reliable source of funding.

2.1.2

CONSTRUCTION

In addition to the installation of the wind turbines, the Construction phase involves the
building and installation various onshore and offshore structures, including the onshore and
offshore cables, onshore and offshore substations, the O&M facility, and the turbine
foundations. Before the turbines can be installed, Vineyard Wind will oversee the
construction of the so-called “balance-of-plant,” which includes the onshore and offshore
substations, array cables, export cables, and turbine foundations. Once all of these
components are in place, the turbine manufacturer will install the wind turbine components.
5
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Vineyard Wind
proposes to begin
in-state (on-shore)
construction in
2019.

As much of the installation work as possible is done quayside (shoreside), in a phase known
as “pre-assembly,” in order to reduce costs and complexity associated with offshore
assembly. The tower, for example, often arrives in pieces and without many of the internal
components. When it arrives, it is bolted together and parts such as the elevator and power
cables are installed. Finally, all the components are transported to the wind farm where they
are installed using specialized installation vessels. When the wind turbine has been
completely constructed and all components have been installed, the commissioning phase
begins. During this phase, the staff will follow up to ensure compliance with the
manufacturer’s requirements and design-phase documentation, inspect all engineering
aspects, and test the electrical components. Furthermore, the grid connection for each wind
turbine and power generation must be secured. Vineyard Wind proposes to begin in-state
(on-shore) construction in late 2019.

2.1.3

OPERATIONS & MAINTENANCE

During the Operations & Maintenance (O&M) phase, the turbines, foundations, cables, and
other components are inspected regularly and any necessary repairs or upkeep are
performed. Additionally, the environmental impacts of the OSW farm are monitored. During
the warrantee period, Vineyard Wind and the turbine manufacturer will jointly maintain the
OSW farm. O&M is the longest phase, extending the full life of a wind farm: approximately
25 years. Accordingly, this phase also provides the longest lasting jobs.

6
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3

Measuring the
ripple effects on
the economy
provides a fuller
picture of the
economic
contributions an
offshore wind
farm’s construction
creates in a region
or impact area.

METHODOLOGY AND DATA SOURCES

Economic impacts measure how spending associated with an industry flows through an
economy. For example, employee wages and purchases made from suppliers circulate
through the economy and support additional spending and job creation, that is, the original
expenditures and job creation are multiplied. Measuring these ripple effects on the economy
provides a fuller picture of the economic contributions an offshore wind farm’s construction
has on a particular impact area or region. These impacts are expressed as direct impacts,
indirect impacts, and induced impacts (see Figure 4).






Direct impacts result from expenditures associated with developing, constructing,
and operating the wind farm, including money spent on salaries, supplies, and
operating expenses.
Indirect impacts result from the suppliers of the wind farm purchasing goods and
services as a result of the direct spending on the project. Because these impacts
measure interactions among businesses, they are often referred to as supply-chain
impacts.7
Induced impacts result from the spending of employees directly involved in the
development, construction, and operation of the wind farm, as well as the spending
of employees of the wind farm’s suppliers within the region. These induced effects
are often referred to as consumption-driven impacts.
Figure 4
Examples of Offshore Wind Impacts

7

Not including the initial round of spending, which is included in the direct effects.
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3.1

DIRECT IMPACTS

Vineyard Wind provided the PPC with detailed job creation estimates and expenditures for
each project phase for their proposed 800 MW project. These estimates were based on the
Vineyard Wind team’s extensive experience and knowledge building similar sized projects in
Europe, as well as information Vineyard Wind required supply chain companies to provide
when submitting proposals. In other words, the direct job creation estimates were derived
primarily from the input of the suppliers who will actually be doing the hiring.

To determine local
content, Vineyard
Wind provided the
PPC with the
expected degree of
local content for
each payroll and
non-payroll
expenditure, based
on their previous
development
experience and
conversations with
local suppliers.

The PPC thoroughly reviewed the direct job creation and expenditure estimates, applying its
expertise informed by data gathered from previous related work, interviews with industry
leaders, site visits to European wind farm developments and ports, and an extensive
literature review.
This analysis reports both the direct number of FTE job years and the number of individual
jobs (i.e. workers):
FTE Job Years: Refers to the years of full-time equivalent (FTE) employment created by
the wind farm project, including wage and salary employees and selfemployed persons. One FTE is the equivalent of one person working full
time for 1 year (2,080 hours), thus two half-time employees would equal
one FTE. Similarly, a full-time person working five years on the project
would equal five FTE job years.8
Jobs:

3.1.1

The actual number of workers on the project, which includes both fulltime and part-time workers who may be on the project for several years,
one-year, or less.

LOCAL CONTENT: BASE AND HIGH SCENARIOS

The ability of the Commonwealth’s supply chain to support the development of OSW and to
support local jobs is one of the largest drivers of job and economic impacts for the project.
Accordingly, determining local content is an essential exercise in developing a credible and
valid economic impact model. The PPC developed a Base and High scenario based on the
expected local content for the project. Only expenditures that will be spent in the geographic
areas of analysis (i.e. Massachusetts and SEMA) are included as direct expenditures and only
those jobs that are performed in these areas are included as direct jobs. These final payroll
and non-payroll expenditures were then used as inputs into the IMPLAN input-output
modeling system which was used to estimate the indirect impacts of the proposed project.

8

O&M FTEs are calculated for one year only, except where otherwise noted, even though these jobs are expected
to exist for the entire 25-year operations phase of the project.
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Vineyard Wind provided the PPC with the expected degree of local procurement and content
for each payroll and non-payroll expenditure, based on their previous development
experience, conversations with local suppliers, and project plans.9 Local content was defined
using a tiered system that assigned payroll and non-payroll expenditures according to the
likelihood of the content being local for both the Base and High scenarios (see Table 1). The
PPC reviewed and vetted these local content assumptions to ensure that the local content
assumptions used in our analysis are both conservative and plausible.
Table 1
Base and High Scenarios

3.1.2

Vineyard Wind’s
proposed $10
million Offshore
Wind Industry
Accelerator will be
an important
component in the
development of
Massachusetts’
OSW supply chain.

Tier
Tier 1 Expenditure

Base
Scenario
Included

High
Scenario
Included

Tier 2 Expenditure

Included

Included

Tier 3 Expenditure

Not Included

Included

Tier 4 Expenditure

Not Included

Not Included

DEVELOPING THE SUPPLY CHAIN THROUGH THE OFFSHORE WIND
INDUSTRY ACCELERATOR

As noted above, developing the Commonwealth’s OSW supply chain is essential to
maximizing the economic benefits of the OSW projects for Massachusetts and SEMA.
Vineyard Wind’s proposed Offshore Wind Industry Accelerator is designed to be an important
component in the development of the Commonwealth’s OSW supply chain. The fund will
invest up to $10 million in projects to accelerate the development of the offshore wind supply
chain, and related businesses and infrastructure in Massachusetts. Funds could be used to
improve Massachusetts port infrastructure available to support of offshore wind activities,
support the establishment of offshore wind supply chain manufacturing facilities in
Massachusetts, and/or develop technologies to improve the deployment offshore wind
components on the U.S. East Coast.
Importantly, the Offshore Wind Accelerator Fund could also be used to improve the
capabilities of existing supply chain companies in Massachusetts, who would otherwise be
hard pressed under current conditions to justify investments in upgrading their facilities to
produce secondary turbine components. To ensure these funds are invested strategically, a
steering committee that includes local and regional workforce and economic development
professionals from southeastern Massachusetts will be established. Overall, it is anticipated
that, if implemented early in the development of Massachusetts’ OSW industry, the Offshore
Wind Accelerator Fund’s investments will support job creation and increase the likelihood
that the economic impacts of the proposed project(s) are in line with the High scenario results
presented in this report.

9

Vineyard Wind has secured numerous letters of support from Massachusetts supply chain companies.

9

Proposed Vineyard Wind 800 MW Offshore Wind Energy Project:
Estimated Contribution To Employment And Economic Development
3.2

INDIRECT IMPACTS

The indirect (supply chain) impacts of the proposed project are specified using IMPLAN
(IMpact Analysis for PLANning), which is an input-output database and model that traces a
project’s purchases of goods, services, and labor through an economic area. The PPC
constructed custom IMPLAN models for two geographic areas to conduct the analysis:
Massachusetts and Southeastern Massachusetts (SEMA). 10
3.2.1

The PPC developed
a customized
IMPLAN model
built from the
bottom up that
assigns detailed
direct expenditure
data to specific
industry IMPLAN
codes that map to
the OSW industry.

Inputs to the Model

Payroll Expenditures
The PPC estimated total employee compensation and proprietor income using Vineyard
Wind’s estimates of direct FTEs, and wage and proprietor income data from the Bureau of
Labor Statistics and Economic Modeling Specialists International (EMSI). These data served
as the primary inputs to our IMPLAN model as Labor income (both employee compensation
and proprietor income). Notably, the model has been designed to only include those payroll
expenditures from jobs that are expected to exist in the two study regions: The
Commonwealth of Massachusetts and Southeastern Massachusetts(SEMA). 11
Non-Payroll Expenditures
IMPLAN works by applying a change in demand or production to 1 of 536 industry sectors.
However, a mature OSW industry does not exist in the United States and consequently the
industry is not a unique sector within the standard North American Industry Classification
System (NAICS) or IMPLAN industry sectors. Consequently, the PPC developed a customized
IMPLAN model built from the bottom up that assigns detailed direct expenditure data to
specific industry IMPLAN codes that map to the OSW industry. More than 100 individual
expenditures were mapped to 23 IMPLAN sectors for each scenario examined.12 As noted
above, the model includes only those expenditures that are expected to occur in the two
study regions: Massachusetts and SEMA.
3.2.2

Project Years and Multiple Models

Purchases of labor and non-labor inputs will occur over multiple years. In order to account
for the phases of the project and Vineyard Wind’s proposed timeline, several input-output
models were constructed, including one for each year in which the expenditures are expected
to occur. The results of these individual yearly models were then aggregated to produce the
final impact tables.

10

A more detailed methodology can be found in Appendix A.
Southeastern Massachusetts is defined as Barnstable County (Cape Cod), Bristol County, Dukes County (Martha’s
Vineyard), Nantucket County, and Plymouth County.
12 The IMPLAN sectors used for the model can be found in Appendix A.
11
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4

ESTIMATED DIRECT JOBS AND EXPENDITURES ASSOCIATED
WITH THE PROPOSED 800 MW PROJECT

This section presents the Massachusetts- and SEMA-based direct jobs and direct payroll and
non-payroll expenditures that we estimate will be associated with the Pre-Construction &
Development, Construction, and O&M of the 800 MW wind farm over the expected 25-year
operating period. Section 4.1 examines the direct FTE job years that will be required to
complete the project and when these jobs are expected to come online, while Section 4.2
describes the expected payroll and non-payroll expenditures that will be made in each region.

The Vineyard Wind
project will
support an
estimated 3,180
direct FTE job
years in
Massachusetts
across all phases
over the project
period under the
Base scenario and
3,658 direct FTE
job years in
Massachusetts in
the High scenario.

4.1

SUMMARY OF DIRECT FTE JOB IMPACTS

4.1.1

Massachusetts



The Vineyard Wind project will support an estimated 3,180 direct FTE job years in
Massachusetts across all phases over the project period under the Base scenario and
3,658 direct FTE jobs in Massachusetts in the High scenario (see Table 2).13



Under the Base scenario, there are expected to be 1,100 FTE job years during the
Development and Construction phases. During the O&M phase, there are expected
to be 80 FTEs lasting 25 years, for a total of 2,000 FTE job years.



Under the High scenario, there are expected to be 1,552 FTE job years during the
Development and Construction phases. During the O&M phase, there are expected
to be 81 FTEs over 25 years, for of 2,025 FTE job years.



In terms of the actual number of workers (not FTEs), the project is expected to
employ 1,706 workers in the Base scenario and 2,120 workers in the High scenario
across all the project phases.

4.1.2

Southeastern Massachusetts

Most of the jobs will be located in Southeastern Massachusetts, since the proposed Vineyard
Wind project plan calls for nearly all the project work to be completed in the southeastern
portion of the state, including the Cape and Islands (see Table 2).


The Vineyard Wind project will require an estimated 3,151 direct FTE job years in
the SEMA region over the project period under the Base scenario and 3,432 direct
FTE jobs years in SEMA in the High scenario.



Under the Base scenario, there are expected to be 1,071 FTE job years during the
Pre-Construction & Development phases. During the O&M phase, there are
expected to be 80 FTEs annually over 25 years, for a total of 2,000 FTE job years.

13

A portion of these workers will commute to the site from out-of-state. While it is not possible to precisely
estimate the number of in-commuters, overall 7.5 percent of people working in Massachusetts in 2015 commuted
to work from a location outside the state, while 8.1 percent of people working in SEMA commuted in from another
state—primarily Rhode Island (5.9%). (Source: Public Policy Center calculations using U.S. Census LEHD OriginDestination Employment Statistics).
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Under the High scenario, there are expected to be 1,326 FTE job years during the
Development and Construction phases. During the O&M phase, there are expected
to be 81 FTEs annually over 25 years, for a total of 2,025 FTE job years.



In terms of the actual number of workers (not FTEs), the project is expected to
employ 1,671 workers in SEMA in the Base scenario and 1,926 workers in the High
scenario across all the project phases.
Table 2
Direct FTE Job Years Over the Project Period
PreTotal Direct Construction &
FTEs
Development

Region

Construction

O&M Annual

O&M Lifetime
Job Years

*Total JobYears

974
1,426

80
81

2,000
2,025

3,180
3,658

Massachusetts

1,180
1,633

126
126

Base Scenario

1,151

119

952

80

2,000

3,151

High Scenario

1,407

119

1,207

81

2,025

3,432

Base Scenario
High Scenario
SEMA

4.1.3

Job Timeline

The direct jobs created by the proposed project will not be distributed evenly during the
project’s development. The professional jobs in Pre-Construction & Development will come
online first and constitute nearly the entirety of the employment during that phase. Some of
these professional planning positions will be filled by people with experience in OSW planning
and construction, most likely from Europe, although many of these professionals will need to
be based in the Commonwealth, collaborating and contracting scientists and technicians to
assist with site assessments and environmental reviews. Development positions will drop off
gradually but not entirely as Construction begins. Construction jobs are expected to be filled
primarily by local labor,14 although some supervisory and other technical positions will be
filled by experienced Europeans and workers from the Gulf of Mexico. The FTE job years
associated with Construction are expected to decline as the turbines come online, when
O&M jobs will be the only occupations that remain, of which nearly all will be filled by local
workers.

14

Local jobs are defined as jobs that are done on-site and are not necessarily the same as a job filled by an
incumbent local worker. In other words, a worker who moves to the region to work on the project and then
moves on when the project is over is considered a local worker for impact assessment purposes.
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4.1.4

Job-Years: Development and Construction Versus Operations

While development and construction activities contribute to the greatest number of direct
jobs, most of these jobs will not extend beyond the construction phase. Conversely, most
O&M jobs will last for the entire 25-year operations period. Consequently, O&M activities
actually represent the majority of the project’s total job years. In the case of the Base
scenario, O&M will account for an estimated 65 percent of the total job years over the
lifetime of the wind farm, while these jobs will account for 57 percent of the total job years
in the High scenario (see Figure 5 and Figure 6).
Figure 5
Lifetime Job-Years: Development and
Construction Versus O&M
Base Scenario
Development
&
Construction,
35%
Development
&
Construction,
43%

Operations &
Maintenance,
57%

Operations &
Maintenance,
65%

These steady and well-paying jobs will have a significant positive impact on the Barnstable
County and Martha’s Vineyard economies, which experience severe seasonal fluctuations in
employment due to their largely tourism-dependent economies (see Figure 7). Adding longterm and high-quality year-round employment will significantly increase the number of
opportunities for local workers to obtain presently unavailable stable sources of full-time
year-round income. This can be expected to have a positive and stabilizing impact on one of
the Commonwealth’s most highly seasonal regional economies beyond that which can be
directly captured by this analysis.
Figure 7
Unemployment by County, January 2011– October 2017
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O&M activities
represent the
majority of the
project’s total job
years.

Figure 6
Lifetime Job-Years: Development and
Construction Versus O&M
High Scenario

Dukes County

Source: Local Area Unemployment Statistics (LAUS)
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An estimated
$120.3 million will
be spent on
payroll in
Massachusetts
under the Base
scenario, and
$152.5 million on
payroll in the High
scenario.

Offshore wind is a
relatively highwage industry,
even for bluecollar workers.

4.2

SUMMARY OF DIRECT EXPENDITURES: ALL PHASES

4.2.1

Compensation and Wages

Massachusetts: An estimated $120.3 million will be spent on payroll15 in Massachusetts in
the Base scenario (including just the first year of O&M) and $152.5 million on payroll in the
High scenario to support direct project activities. Average wages range from $85,021 in the
Base scenario to $77,671 in the High scenario (see Table 3).
SEMA: An estimated $115.9 million will be spent on payroll15 in Southeastern Massachusetts
in the Base scenario (including just the first year of O&M) and $133.3 million on payroll in the
High scenario to support direct project activities. Average wages range from $83,826 in the
Base scenario to $78,748 in the High scenario (see Table 3).
Table 3
Average Wages for Base & High Scenarios: All Phases16
Massachusetts

SEMA

Base Scenario

$85,021

$83,826

High Scenario

$77,671

$78,748

Offshore wind is a relatively high-wage industry, even for blue-collar workers. In the Base
scenario, it is predicted that Massachusetts workers will receive an average compensation,
which includes the value of fringe benefits, 17 ranging from $150,092 in the Pre-Construction
& Development phase to $95,990 in the Construction phase. The long-term O&M jobs offer
an average total compensation of $99,456 (see Table 4).
Table 4
Average Compensation for Base and High Scenario

Region
Massachusetts
Base Scenario
High Scenario
SEMA
Base Scenario

All Phases

PreConstruction &
Development

$101,985
$93,363

$150,092
$150,092

$95,990
$88,003

$99,456
$99,748

$100,663

$150,656

$94,512

$99,456

High Scenario

$94,715

$150,656

$88,856

$99,748

Construction

O&M

15

Note that unlike labor income, payroll does not include proprietor income. Therefore, these results should not
be compared to the IMPLAN economic impact summaries.
16 Includes just first year of Operations and Maintenance (O&M). Does not include fringe benefits. Average annual
salaries by industry and occupation for each region were obtained from Emsi and derived from a variety of publicly
available sources, including the Bureau of Labor Statistics Quarterly Census of Employment and Wages for Q1 of
2017 and Occupational Employment Statistics for 2016.
17 The benefit amount was calculated by multiplying direct wages for each occupation obtained from the U.S.
Bureau of Labor Statistics by employment compensation-to-Income ratios available from the U.S. Bureau of
Economic Analysis.
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4.2.2

Non-Payroll

Excluding the payroll listed in the previous section, Vineyard Wind estimates that it will spend
$177.4 million procuring materials and services from Massachusetts suppliers, of which
$104.8 million will be purchased from SEMA suppliers, to support the development and
construction of the wind farm in the Base scenario. In the High scenario, these numbers
increase to $196.3 million and $107.4 million, respectively (see Figure 8 and Table 5).
These expenditures will support a variety of Massachusetts and SEMA based businesses, from
tool suppliers and crane companies to transportation companies and component suppliers.
In turn, these expenditures support further job impacts through business to business
transactions along the supply chain as well as from the wages that the suppliers’ employees
spend in the local economy on goods and services such as gas, rent, food, and childcare.
These specific indirect and induced impacts are discussed in Section 5.
Figure 8
Non-Payroll Expenditures From Massachusetts & SEMA Suppliers
$240

$200

Thousands

Vineyard Wind’s
expenditures will
support a variety
of Massachusettsand SEMA- based
businesses, from
tool suppliers and
crane companies
to transportation
companies and
component
suppliers.

$196.3
$177.4

$160
$120

$107.4

$104.9

$80
$40
$-

Base

High

Massachusetts

SEMA

Table 5
Non-Payroll Expenditures From Massachusetts & SEMA Suppliers, Thousands
Massachusetts

SEMA

Package

Base

High

Base

High

Array cables

$5,085

$683

$2,784

$3,217

Construction Management

$36,004

$11,522

$9,374

$9,374

Export cable, Offshore

$4,622

$9,035

$683

$899

Export cable, Onshore

$11,522

$11,522

$11,522

$11,522

Foundation

$37,809

$37,809

$12,992

$12,992

O&M Preparations

$6,229

$6,229

$4,522

$4,522

Permitting

$12,744

$12,744

$12,244

$12,244

Project Management

$16,984

$16,984

$13,498

$13,498

-

$1,081

-

-

Substation, Onshore

$1,601

$1,601

$1,601

$1,601

Wind Turbine Generator

$36,132

$43,557

$29,058

$29,058

Total

$177,363

$196,338

$104,850

$107,366

Substation, Offshore (ESP)
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4.3

TYPES OF DIRECT JOBS AND AVERAGE ANNUAL COMPENSATION

Developing, constructing, operating, and maintaining the offshore wind will require workers
drawn from a diverse range of occupations that represent a wide distribution of skill and
educational levels, ranging from white collar jobs such as environmental scientists and
engineers to blue collar jobs such as iron workers, longshoremen, and machine operators.
The workforce needs of the proposed projects(s) are well aligned with the education and skill
levels of Southeastern Massachusetts residents, a region characterized by traditional bluecollar urban areas bordered by more affluent suburbs. The broad occupational needs of the
project also provide opportunities for project staff to work their way up the occupational
ladder within the emerging OSW industry, whether through continuing education or on-thejob training and acquiring experience during the project period.
The following section provides a brief description of the major types of occupations that are
expected during each phase of the proposed project’s development. 18
Pre-Construction and Development
White-collar occupations dominate the Pre-Construction and Development phase, which will
rely heavily on highly skilled workers drawn from the fields of management, finance,
engineering, law, and related scientific, and professional service occupations (see Table 6).

18

These occupations include most of the major occupations required to develop, construct, and operate the
project, but is not inclusive of all occupations.
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Table 6
Expected Occupations, Credentialing Requirements, and Earnings During
Pre-Construction & Development

Major Occupations

Credentials

Annual
Mean
Earnings

Engineering
Civil Engineers
Mechanical Engineers
Electrical Engineers
Marine Engineers & Naval Architects
Electrical and Electronic Eng. Techs.
Mechanical Engineering Technicians

Master's Degree
Master's Degree
Master's Degree
Master's Degree
Associate's Degree
Associate's Degree

$91,930
$94,500
$108,990
$98,370
$65,370
$56,110

Bachelor's Degree
PhD
PhD
PhD
PhD
Associate's or On-the-Job Training
Associate's or On-the-Job Training
Associate's or On-the-Job Training

$88,800
$84,310
$172,000
$83,340
$103,770
$56,110
$56,450
$51,680

Master's Degree
Bachelor's Degree
Bachelor's Degree

$138,610
$77,480
$74,200

Bachelor's Degree
Associate's or On-the-Job Training

$83,030
$55,250

J.D.
Associate's or On-the-Job Training

$158,760
$55,250

Master's Degree

$79,030

Associate's/Postsecondary Cert.
Postsecondary Certificate

$54,880
$90,120

Bachelor's Degree
Bachelor's Degree

$109,900
$145,000

Associate's/Postsecondary Cert.
Postsecondary Certificate
Associate's/Postsecondary Cert.

$60,480
$38,670
$90,120

Surveying and Scientific Monitoring
Environmental Engineers
Geoscientists
Natural Sciences Managers
Zoologists & Wildlife Biologists
Atmospheric & Space Scientists
Mechanical Engineering Technicians
Geological & Petroleum Technicians
Surveying Technicians
Finance
Financial Manager
Budget Analysts
Cost Estimators
Permitting
Compliance Officers
Paralegals & Legal Assistants
Legal
Lawyers
Paralegals & Legal Assistants
PR and Marketing
Market Research Analysts
Machine Maint./Port Services
Bus/Truck Mech. Incl. Diesel
Ship Engineers
Site Managers
Construction Managers
Architect/Eng. Managers
Water Transportation Workers
Captains/Mates/Pilots
Sailors & Marine Oilers
Ship Engineers

Vineyard Wind; U.S. Bureau of Labor Statistics; PPC calculations.
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Construction
Trade workers play a significant role during the construction of the proposed project.
Although the construction jobs are short-term, a number of the workers employed during
this phase would be well-prepared to transition into long-term roles in the O&M phase, since
they have experience working offshore and are familiar with the turbine systems and
associated technology being used by the proposed project (see Table 7).
Table 7
Expected Occupations, Credentialing Requirements, and Earnings During the
Construction Phase

Major Occupations

Credentials

Annual
Mean
Earnings

Project Engineers
Civil Engineers
Mechanical Engineers
Electrical Engineers
Industrial Health & Safety Engineers
Marine Engineers & Naval Architects

Master's Degree
Master's Degree
Master's Degree
Bachelor's Degree
Bachelor's Degree

$91,930
$94,500
$108,990
$98,310
$98,370

Bachelor's Degree
Bachelor's Degree
Bachelor's Degree
Bachelor's Degree
Associate's or On-the-Job Training

$109,900
$145,000
$62,890
$82,250
$105,810

Apprenticeship/Postsecondary Cert.
Apprenticeship/Postsecondary Cert.
Apprenticeship/Postsecondary Cert.
Apprenticeship/Postsecondary Cert.
Apprenticeship/Postsecondary Cert.
Apprenticeship/Postsecondary Cert.
Apprenticeship/Postsecondary Cert.

$31,400
$70,350
$66,130
$27,080
$89,910
$54,750
$57,110

High School & On-the-Job Training
High School & On-the-Job Training
High School & On-the-Job Training

$43,600
$47,680
$48,980

Construction Managers
Construction Managers
Architectural & Engineering Managers
Inspectors and QA Managers
Vessel Managers
Trans/Storage/Distribution Managers
Trade Workers
Longshoremen/Stevedores
Iron & Steel Workers & Welders
Electricians
Material Moving Machine Operators
Elevator Installers & Repairers
Commercial Divers
HVAC/Refrig. Mechanics & Installers
Other Construction Technicians
Scaffolders
Riggers
Painters

Vineyard Wind; U.S. Bureau of Labor Statistics; PPC calculations.
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Operations & Maintenance
Operations and Maintenance occupations consist primarily of wind technicians, managers,
and water transportation workers (see Table 8).
Table 8
Expected Occupations, Credentialing Requirements, and Earnings During
Operations & Maintenance Phase

Major Occupations
Site/Plant Managers
Power Plant Operators
Trans., Storage, Distr. Mgrs.
Project Engineers
Electrical Engineers
Mechanical Engineers
Civil Engineers
Ind. Health & Safety Engineers

Credentials

Annual
Mean
Earnings

Bachelor's Degree
Associate's Degree

$75,820
$105,810

Bachelor's Degree
Bachelor's Degree
Bachelor's Degree
Bachelor's Degree

$108,990
$94,500
$91,930
$98,310

Assoc. or Postsecondary Cert.
Postsecondary Certificate
Assoc. or Postsecondary Cert.

$60,480
$38,670
$90,120

Assoc. or Postsecondary Cert.

$67,000

Water Transportation Workers
Captains/Mates/Pilots
Sailors & Marine Oilers
Ship Engineers
Wind Technicians

Vineyard Wind; U.S. Bureau of Labor Statistics; PPC calculations.
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5

TOTAL DIRECT, INDIRECT, AND INDUCED IMPACTS

This section expands on the previous section by examining the indirect and induced effects
of the proposed 800 MW project on the Massachusetts and SEMA economies for both the
Base and High scenarios.

5.1

MASSACHUSETTS

5.1.1

Base Scenario
Indirect Impacts: Vineyard Wind’s direct payroll and non-payroll expenditures are
expected to generate an additional 373 indirect jobs during the Development and
Construction phases and support an additional 26 jobs annually during the 25-year
Operations period (see Table 9).19 In addition:

In the Base scenario,
Vineyard Wind’s direct
payroll and non-payroll
expenditures are
expected to generate
an additional 373
indirect jobs during the
Development and
Construction phases
and support an
additional 26 indirect
jobs annually during
the 25-year Operations
period.



These jobs can be expected to generate $30.3 million in labor income
during the Development and Construction phases and $2.2 million annually
during the Operations period.



The proposed project will also contribute nearly $44.1 million in added
value to the Massachusetts economy during Development and
Construction and $3.0 million annually during Operations.



These indirect impacts are estimated to support an estimated $74.0 million
in new economic output during the Development and Construction phases
and an additional $5.1 million annually during the Operations period.

Induced Impacts: The direct and indirect impacts of the proposed project are
expected to induce an additional 898 jobs during the Development and Construction
phases and support an additional 63 jobs annually during the 25-year operations
period (see Table 9). In addition:


These jobs can be expected to generate $59.3 million in labor income
during the Development and Construction phases and $4.2 million annually
during the Operations period.



The proposed project will also contribute nearly $98.0 million in added
value to the Massachusetts economy during the Development and
Construction phases and an estimated $6.9 million annually during
Operations.



These induced impacts are estimated to support $156.8 million in new
economic output during the Development and Construction phases and an
additional $11.1 million annually during the Operations period.

19

IMPLAN does not report jobs as FTEs. Accordingly, the reported jobs for the indirect and induced impacts were
converted to FTEs using IMPLAN conversion tables.
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Table 9
Impact Summary for Base Scenario: Massachusetts20

Massachusetts Impact

The 800 MW
project will
produce nearly
$79 million in
direct valueadded impacts for
Massachusetts
and just under
$170 million in
direct output.

800 MW: Base Scenario
Pre-Construction & Development Phase (2017 - 2021)
ImpactType
Direct Effect

Employment

LaborIncome

ValueAdded

Output

126

$

19,734,093

$

6,615,054

$

Indirect Effect

27

$

2,166,711

$

3,172,692

$

5,266,233

Induced Effect

121

$

7,965,164

$

13,159,673

$

21,065,940

Total Effect

274

$

29,865,968

$

22,947,419

$

38,404,841

Multiplier

2.2

1.5

12,072,668

3.5

3.2

Construction Phase (2020 - 2021)
ImpactType

Employment

LaborIncome

ValueAdded

Output

Direct Effect

974

$

95,124,190

$

68,388,963

$

Indirect Effect

346

$

28,110,471

$

40,921,371

$

68,758,340

Induced Effect

777

$

51,323,683

$

84,800,766

$

135,739,944

2,097

$

174,558,345

$

194,111,101

$

352,984,024

Total Effect
Multiplier

2.2

1.8

148,485,739

2.8

2.4

Pre-Construction & Development + Construction Phases (2017 - 2021)
ImpactType
Direct Effect

Employment

LaborIncome

ValueAdded

Output

1,100

$

114,858,283

$

75,004,017

$

Indirect Effect

373

$

30,277,181

$

44,094,063

$

74,024,573

Induced Effect

898

$

59,288,848

$

97,960,439

$

156,805,884

2,371

$

204,424,312

$

217,058,520

$

391,388,865

Total Effect
Multiplier

2.2

1.8

160,558,408

2.9

2.4

Note: This table summed from two tables above.

Operations & Maintenance Phase (Annual)
ImpactType

Employment

LaborIncome

ValueAdded

Output

Direct Effect

80

$

8,150,659

$

3,846,393

$

Indirect Effect

26

$

2,173,441

$

3,025,898

$

5,073,301

Induced Effect

63

$

4,182,822

$

6,911,035

$

11,062,627

169

$

14,506,922

$

13,783,326

$

25,196,924

Total Effect
Multiplier

2.1

1.8

3.6

9,060,996

2.8

Source: Vineyard Wind, Public Policy Center, IMPLAN
All dollar figures are in 2017 dollars.
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Note that the Labor Income multiplier in the impact tables for all scenarios and regions are lower than the other
multipliers. This is primarily due to the relatively high wages of the OSW industry coupled with the fact that induced
labor income is often in relatively lower paying industries such restaurants, hotels, etc. Thus, in terms of induced
impacts, high-wage workers are spending their disposable income in industries that are primarily staffed by lower
wage workers. Also, we are not surprised by the output multiplier since OSW is a very CAPEX intensive industry with
high output per worker. In any sector with high output per worker, the indirect and induced employment will be
high relative to the direct employment. This results in a higher employment multiplier than would be expected in a
less CAPEX intensive project. Lastly, the induced effects might seem a bit high in some cases. However, induced
impacts are driven by wages, both of workers directly working on the project and supply chain workers. The OSW
industry as a whole pays relatively high wages, even for blue-collar workers, so we are not surprised that the induced
impacts are high in some cases. This is particularly true in the Development phase, where most of the employees
are highly paid white-collar workers.
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5.1.2

High Scenario
Indirect Impacts: Vineyard Wind’s direct payroll and non-payroll expenditures are
expected to generate an additional 408 jobs during the Development and
Construction phases and support an additional 29 jobs annually during the 25-year
Operations period (see Table 10). In addition:

In the High scenario,
Vineyard Wind’s direct
payroll and non-payroll
expenditures are
expected to generate
an additional 408
indirect jobs during the
Development and
Construction phases
and support an
additional 29 indirect
jobs annually during
the 25-year Operations
period.



These jobs can be expected to generate $32.0 million in labor income
during the Development and Construction phases and $2.5 million annually
during the Operations period.



The proposed project will also contribute nearly $46.7 million in added
value to the Massachusetts economy during the Development and
Construction phases and $3.5 million annually during Operations.



These indirect impacts are estimated to support an estimated $78.4 million
in new economic output during the Development and Construction phases
and an additional $5.9 million annually during the Operations period.

Induced Impacts: The direct and indirect impacts of the proposed project are
expected to induce an additional 1,102 jobs during the Development and
Construction phases and support an additional 69 jobs annually during the 25-year
operations period (see Table 10) . In addition:


These jobs can be expected to generate $71.4 million in labor income
during the Development and Construction phases and $4.5 million annually
during the Operations period.



The proposed project will also contribute nearly $118.0 million in added
value to the Massachusetts economy during the Development and
Construction phases and $7.5 million annually during Operations.



These induced impacts are estimated to support an estimated $188.9
million in new economic output during the Development and Construction
phases and just under $12.0 million annually during the Operations period.
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Table 10
Impact Summary for High Scenario: Massachusetts

Massachusetts Impact
800 MW: High Scenario
Pre-Construction & Development Phase (2017 - 2021)
ImpactType
Direct Effect

Employment

LaborIncome

ValueAdded

126

$

19,734,093

$

Indirect Effect

27

$

2,166,711

Induced Effect

121

$

7,965,164

Total Effect

274

$

29,865,968

Multiplier

2.2

Output

6,615,054

$

$

3,172,692

$

5,266,233

$

13,159,673

$

21,065,940

$

22,947,419

$

38,404,841

1.5

12,072,668

3.5

3.2

Construction Phase (2020 - 2021)
ImpactType
Direct Effect
Indirect Effect
Induced Effect
Total Effect

Employment

LaborIncome

ValueAdded

Output

1,426

$

127,257,320

$

73,458,216

$

162,519,537

381

$

29,880,973

$

43,524,865

$

73,166,167

981

$

63,451,608

$

104,837,578

$

167,815,255

2,788

$

220,589,901

$

221,820,659

$

403,500,959

Multiplier

2.0

1.7

3.0

2.5

Pre-Construction & Development + Construction Phases (2017 - 2021)
ImpactType
Direct Effect

Employment

LaborIncome

ValueAdded

1,552

$

146,991,413

$

Indirect Effect

408

$

32,047,683

Induced Effect

1,102

$

71,416,772

Total Effect

3,062

$

250,455,869

Multiplier

2.0

Output

80,073,270

$

$

46,697,557

$

78,432,400

$

117,997,252

$

188,881,195

$

244,768,079

$

441,905,801

1.7

174,592,206

3.1

2.5

Note: This table summed from two tables above.

Operations & Maintenance Phase (Annual)
ImpactType

Employment

LaborIncome

ValueAdded

Output

Direct Effect

81

$

8,323,572

$

5,675,660

$

Indirect Effect

29

$

2,507,558

$

3,462,209

$

5,877,503

Induced Effect

69

$

4,528,856

$

7,482,530

$

11,977,766

179

$

15,359,986

$

16,620,399

$

30,796,946

Total Effect
Multiplier

2.2

1.8

2.9

12,941,678

2.4

Source: Vineyard Wind, Public Policy Center, IMPLAN
All dollar figures are in 2017 dollars.
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5.1.3

Employment Impacts on Other Industry Sectors

Vineyard Wind’s direct expenditures will be a major source of employment for many different
sectors of the economy. Table 11 lists the top fifteen sectors that would be impacted by
Vineyard Wind’s direct payroll and non-payroll expenditures for the Base scenario (indirect
and induced employment impacts).
Table 11
Indirect and Induced Employment Impacts in Massachusetts
Base Scenario

Vineyard Wind’s
direct expenditures
are a major source
of employment for
many different
sectors of the
Massachusetts
economy.

Industry
Real estate
Full-service restaurants
Hospitals
Wholesale trade
Insurance agencies, brokerages, and related activities
Limited-service restaurants
Couriers and messengers
Retail - Food and beverage stores
Offices of physicians
Scenic transportation & support activities for transportation
Individual and family services
Junior colleges, colleges, universities, and professional schools
All other food and drinking places
Services to buildings
Employment services

FTEs
44
44
44
36
32
29
27
27
22
22
22
20
20
20
19
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5.2

SOUTHEASTERN MASSACHUSETTS (SEMA)

5.2.1

Base Scenario
Indirect Impacts: The proposed project can be expected to support an additional 215
indirect jobs in SEMA during the Development and Construction phases and support
an additional 24 jobs annually during the 25-year Operations period (see Table 12).
In addition:

In the Base scenario,
Vineyard Wind’s direct
payroll and non-payroll
expenditures are
expected to generate
an additional 215
indirect jobs during the
Development and
Construction phases
and support an
additional 24 indirect
jobs annually during
the 25-year Operations
period in Southeastern
Massachusetts.



These jobs can be expected to generate $13.0 million in labor income in
SEMA during the Development and Construction phases and $1.3 million
annually during the Operations period.



The proposed project will also contribute just over $18.8 million in added
value to the SEMA economy during the Development and Construction
phases and $1.8 million annually during Operations.



These indirect impacts are estimated to support an estimated $34.4 million
in new economic output during the Development and Construction phases
and $3.5 million annually during the Operations period.

Induced Impacts: The direct and indirect impacts of the proposed project can be
expected to induce an additional 666 jobs in SEMA during the Development and
Construction phases and support an additional 54 jobs annually during the 25-year
Operations period (see Table 12). In addition:


These jobs can be expected to generate $33.6 million in labor income in
SEMA during the Development and Construction phases and $2.7 million
annually during the Operations period.



The proposed project will also contribute just over $57.6 million in added
value to the SEMA economy during the Development and Construction
period and $4.7 million annually during Operations.



These induced impacts are estimated to support an estimated $99.1 million
in new economic output during the Development and Construction phases
and $8.1 million annually during the Operations period.
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Table 12
Impact Summary for Base Scenario: Southeastern Massachusetts21
SEMA Impact
800 MW: Base Scenario
Pre-Construction & Development Phase (2017 - 2021)
ImpactType
Direct Effect

Employment

LaborIncome

ValueAdded

Output

119

$

18,831,670

$

4,066,173

$

Indirect Effect

12

$

651,288

$

1,076,026

$

1,948,293

Induced Effect

94

$

4,743,626

$

8,133,248

$

13,996,396

225

$

24,226,585

$

13,275,447

$

22,526,994

Total Effect
Multiplier

1.9

1.3

6,582,305

3.3

3.4

Construction Phase (2020 - 2021)
ImpactType

Employment

LaborIncome

ValueAdded

Output

Direct Effect

952

$

91,502,010

$

34,484,017

$

84,681,794

Indirect Effect

203

$

12,369,705

$

17,766,676

$

32,480,362

Induced Effect

572

$

28,847,764

$

49,470,450

$

85,120,131

1,727

$

132,719,478

$

101,721,143

$

202,282,287

Total Effect
Multiplier

1.8

1.5

2.9

2.4

Pre-Construction & Development + Construction Phases (2017 - 2021)
ImpactType
Direct Effect

Employment

LaborIncome

ValueAdded

Output

1,071

$

110,333,680

$

38,550,190

$

91,264,099

Indirect Effect

215

$

13,020,993

$

18,842,702

$

34,428,655

Induced Effect

666

$

33,591,390

$

57,603,698

$

99,116,527

1,952

$

156,946,063

$

114,996,590

$

224,809,281

Total Effect
Multiplier

1.8

1.4

3.0

2.5

Note: This table summed from two tables above.

Operations & Maintenance Phase (Annual)
ImpactType

Employment

LaborIncome

ValueAdded

Output

Direct Effect

80

$

8,150,659

$

2,387,677

$

6,993,237

Indirect Effect

23

$

1,314,124

$

1,782,662

$

3,483,945

Induced Effect

54

$

2,733,037

$

4,686,616

$

8,064,228

157

$

12,197,820

$

8,856,954

$

18,541,410

Total Effect
Multiplier

2.0

1.5

3.7

2.7

Source: Vineyard Wind, Public Policy Center, IMPLAN
All dollar figures are in 2017 dollars.
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Note that the Labor Income multiplier in the impact tables for all scenarios and regions are lower than the other
multipliers. This is primarily due to the relatively high wages of the OSW industry coupled with the fact that induced
labor income is often in relatively lower paying industries such restaurants, hotels, etc. Thus, in terms of induced
impacts, high-wage workers are spending their disposable income in industries that are primarily staffed by lower
wage workers. Also, we are not surprised by the output multiplier since OSW is a very CAPEX intensive industry with
high output per worker. In any sector with high output per worker, the indirect and induced employment will be
high relative to the direct employment. This results in a higher employment multiplier than would be expected in a
less CAPEX intensive project. Lastly, the induced effects might seem a bit high in some cases. However, induced
impacts are driven by wages, both of workers directly working on the project and supply chain workers. The OSW
industry as a whole pays relatively high wages, even for blue-collar workers, so we are not surprised that the induced
impacts are high in some cases. This is particularly true in the Development phase, where most of the employees
are highly paid white-collar workers.
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5.2.2

High Scenario
Indirect Impacts: The proposed project can be expected to support an additional 215
indirect jobs in SEMA during the Development and Construction phases and support
an additional 24 jobs annually during the 25-year Operations period (see Table 13).
In addition:

In the High scenario,
Vineyard Wind’s direct
payroll and non-payroll
expenditures are
expected to generate
an additional 215
indirect jobs during the
Development and
Construction phases
and support an
additional 24 indirect
jobs annually during
the 25-year Operations
period in Southeastern
Massachusetts.



These jobs can be expected to generate just over $13.1 million in labor
income in SEMA during the Development and Construction phases and $1.4
million annually during the Operations period.



The proposed project will also contribute just over $18.9 million in added
value to the SEMA economy during the Development and Construction
phases and $1.9 million annually during Operations.



These indirect impacts are estimated to support an estimated $34.5 million
in new economic output during the Development and Construction phases
and $8.4 million annually during the Operations period.

Induced Impacts: The direct and indirect impacts of the proposed project can be
expected to induce an additional 745 jobs in SEMA during the Development and
Construction phases and support an additional 56 jobs annually during the 25-year
operations period (see Table 13). In addition:


These jobs can be expected to generate $37.6 million in labor income in
SEMA during the Development and Construction phases and $2.8 million
annually during Operations.



The proposed project will also contribute just over $64.4 million in added
value to the SEMA economy during the Development and Construction
phases and $4.9 million annually during Operations.



These induced impacts are estimated to support an estimated $110.8
million in new economic output during the Development and Construction
phases and $8.4 million annually during the Operations period.
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Table 13
Impact Summary High Scenario: Southeastern Massachusetts

SEMA Impact
800 MW: High Scenario
Pre-Construction & Development Phase (2017 - 2021)
ImpactType
Direct Effect

Employment

LaborIncome

ValueAdded

Output

119

$

18,831,670

$

4,066,173

$

Indirect Effect

12

$

651,288

$

1,076,026

$

1,948,293

Induced Effect

94

$

4,743,626

$

8,133,248

$

13,996,396

225

$

24,226,585

$

13,275,447

$

22,526,994

Total Effect
Multiplier

1.9

1.3

6,582,305

3.3

3.4

Construction Phase (2020 - 2021)
ImpactType
Direct Effect

Employment

LaborIncome

ValueAdded

Output

1,207

$

108,832,100

$

34,869,548

$

85,307,078

Indirect Effect

203

$

12,410,496

$

17,828,014

$

32,589,559

Induced Effect

651

$

32,815,348

$

56,272,614

$

96,826,593

2,061

$

154,057,944

$

108,970,176

$

214,723,230

Total Effect
Multiplier

1.7

1.4

3.1

2.5

Pre-Construction & Development + Construction Phases (2017 - 2021)
ImpactType
Direct Effect

Employment

LaborIncome

ValueAdded

Output

1,326

$

127,663,770

$

38,935,721

$

Indirect Effect

215

$

13,061,785

$

18,904,040

$

34,537,852

Induced Effect

745

$

37,558,974

$

64,405,862

$

110,822,989

2,286

$

178,284,529

$

122,245,623

$

237,250,224

Total Effect
Multiplier

1.7

1.4

91,889,383

3.1

2.6

Note: This table summed from two tables above.

Operations & Maintenance Phase (Annual)
ImpactType

Employment

LaborIncome

ValueAdded

Output

Direct Effect

81

$

8,323,572

$

3,143,876

$

8,723,951

Indirect Effect

24

$

1,439,385

$

1,951,572

$

3,819,338

Induced Effect

56

$

2,838,235

$

4,867,009

$

8,374,628

161

$

12,601,192

$

9,962,457

$

20,917,917

Total Effect
Multiplier

2.0

1.5

3.2

2.4

Source: Vineyard Wind, Public Policy Center, IMPLAN
All dollar figures are in 2017 dollars.
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6

EXPECTED STATE TAX REVENUE GENERATED FROM THE
800 MW VINEYARD WIND PROJECT

Tax revenues include those paid by Vineyard Wind, its employees, and contractors (direct
impacts) and taxes generated through the economic activities created in other areas of the
economy through indirect and induced impacts. Importantly, many of these taxes,
particularly at the state and local levels, directly support affected communities by providing
resources to support important local needs including education, public safety, and
infrastructure.

The IMPLAN model
estimates that the
amount paid in state
and local taxes as a
result of the
development,
construction, and the
first year of O&M of
the 800 MW Vineyard
Wind project is $14.7
million in the Base
scenario and $17.0
million in the High
scenario.

Tax impacts were generated using IMPLAN. The IMPLAN model estimates that the amount
paid in state and local taxes as a result of the development, construction, and the first year
of operations of the 800 MW Vineyard Wind project is $14.7 million in the Base scenario and
$17.0 million in the High scenario (see Table 14). This includes an estimated increase in
Massachusetts personal income tax payments of between $4.1 million and $4.7 million, an
increase in sales taxes between $3.0 million and $3.5 million, and an increase in property
taxes between $5.2 million and $6.1 million, for the Base and High scenarios respectively.
Corporate income taxes can be expected to increase by $1.2 million in the Base Scenario and
$1.4 million in the High Scenario. Notably, these tax impacts include only one year of
expenditures for the O&M phase, although tax impacts will continue annually over the wind
farm’s 25 year lifetime as payroll and non-payroll expenditures are spent to support the wind
farm’s operation.
Table 14
Estimated State and Local Tax Impacts As a Result Of
Vineyard Wind’s Payroll and Non-Payroll Expenditures
Personal Income taxes
Other Personal Taxes
*Payroll taxes
Sales taxes
Property taxes
Corporate taxes
Fees & other taxes
Total

Base
$4,132,689
$546,879
$66,770
$3,018,548
$5,178,301
$1,230,736
$500,065
$14,673,988

High
$4,663,992
$617,186
$75,225
$3,542,512
$6,077,159
$1,390,876
$586,866
$16,953,816

*Includes both employee and employer paid payroll taxes
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7

OTHER ECONOMIC DEVELOPMENT IMPACTS

Direct Payment Impacts
There are several additional activities proposed by Vineyard Wind that, while not directly
related to the Development, Construction, or Operations phases of the proposed project, can
be expected to have a positive economic impact on both the Commonwealth and SEMA. The
activities include a proposed $10 million “Offshore Wind Industry Accelerator Fund” and a $2
million “Windward Workforce” fund that will support the recruitment and training of
Massachusetts residents for careers in offshore wind. Vineyard Wind reports that they are
also negotiating, or seeking to negotiate, host community agreements with Yarmouth,
Barnstable, and possibly other communities and organizations in the project area. For the
purpose of this analysis we have assigned a value of $13.5 million in total direct payments by
way of these sort of agreements.
Table 15
Vineyard Wind Direct Payments

There are several
additional activities
proposed by Vineyard
Wind that, while not
directly related to the
Development,
Construction, or O&M
phases of the
proposed project, can
be expected to have a
positive economic
impact on both the
Commonwealth and
SEMA.

Payment Description

Amount

Offshore Wind Industry Accelerator Fund

$10.0m

Windward Workforce

$2.0m

Host Community Agreements

$1.5m

Given that it is not possible for us to know exactly how the these funds will be expended at
this point in time, for the purposes of this analysis we have assumed that these funds will
circulate in the state and regional economy in much the same way as other the other
expenditures made by state and local government. Accordingly, the PPC modeled the total
$13.5 million as a direct impact to state and local government.
The IMPLAN model estimates that these expenditures will generate a total of 179 jobs, $14.7
million in total labor income, $15.1 million in total value added, and $35.5 million in total
output (see Table 16). Note that Vineyard Wind estimates it will directly pay $1.5 million in
host community agreements each year during the construction and operations phases of the
proposed project, so these impacts are likely conservative.
Table 16
Estimated Economic Impacts Vineyard Wind Direct Payments
Impact Type
Direct Effect
Indirect Effect
Induced Effect
Total Effect

Employment
53
66
59
179

$
$
$
$

Labor
Income
5,989,692
5,236,848
3,466,677
14,693,216

$
$
$
$

Value
Added
2,545,576
6,802,407
5,728,323
15,076,306

$
$
$
$

Output
13,500,000
11,745,985
9,168,688
34,514,672
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APPENDIX A: METHODOLOGY
The economic impacts of the proposed project are specified using IMPLAN (IMpact Analysis
for PLANning), which is an input-output database and model that traces a project’s purchases
of goods, services, and labor through an economic area. The IMPLAN modeling system utilizes
the U.S. Bureau of Economic Analysis’ Input-Output Benchmarks with other data to construct
quantitative models of trade flow relationships between businesses and between businesses
and final consumers. From this data, one can examine the effects of a change in one or several
economic activities to predict its effect on a specific state, regional, or local economy (impact
analysis).
The Public Policy Center constructed input-output models in IMPLAN for the state of
Massachusetts and Southeastern Massachusetts, defined as Barnstable, Bristol, Dukes,
Plymouth, and Nantucket Counties. The data inputs used in the model vary depending on the
project years(s) they are expended. Model outputs are reported in 2017 dollars. The latest
available IMPLAN dataset is for 2016.

Inputs to the Model
Payroll Expenditures
Vineyard Wind provided the PPC with detailed job creation estimates and expenditures for
each project phase for their proposed project. These estimates were based on the Vineyard
Wind team’s extensive experience and knowledge building similar sized projects in Europe,
as well as information Vineyard Wind required supply chain companies to provide when
submitting proposals. In other words, the direct job creation estimates were derived
primarily from the input of the suppliers who will actually be doing the hiring.
The PPC thoroughly reviewed the direct job creation and expenditure estimates, applying its
expertise informed by data gathered from previous related work, interviews with industry
leaders, site visits to European wind farm developments and ports, and an extensive
literature review.
The PPC estimated total employee compensation and proprietor income using Vineyard
Wind’s estimates of direct FTEs, and wage and proprietor income data from the Bureau of
Labor Statistics and Economic Modeling Specialists International (EMSI). These data served
as the primary inputs to our IMPLAN model as Labor income (both employee compensation
and proprietor income). Notably, the model has been designed to only include those payroll
expenditures from jobs that are expected to exist in the two study regions: The
Commonwealth of Massachusetts and Southeastern Massachusetts (SEMA).
Non-Payroll Expenditures
IMPLAN works by applying a change in demand or production to 1 of 536 industry sectors. It
is not possible to estimate the economic impact of Vineyard Wind’s operations and capital
expenditures simply by changing the output of an aggregated offshore wind industry in the
econometric model because a mature offshore wind industry does not exist in the U.S.
However, because Vineyard Wind provided the Public Policy Center with detailed information
on its payroll and local expenditures, it was possible to use a more precise method for
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estimating the organization’s economic impacts. Instead of specifying a change in output for
the offshore wind industry, the PPC instead specified a long list of changes in the output of
each industry that is a beneficiary of the project’s purchases, which allows IMPLAN to apply
the appropriate regional purchase coefficient to each industry.
The table below lists the IMPLAN industry codes used in this analysis. More than 100
individual expenditures were mapped to 27 IMPLAN sectors for each scenario examined. As
noted above, the model includes only those expenditures that are expected to occur in the
two study regions: Massachusetts and SEMA.
Table 17
IMPLAN Sectors Used to Construct the Offshore Wind Model for Massachusetts
Code
54
56
57
58
159
218
315
339
406
407
408
410
414
434
437
440
442
452
455
457
461
499
501
502
510
523
526

Sector
Construction of new power and communication structures
Construction of new highways and streets
Construction of new commercial structures, including farm structures
Construction of other new nonresidential structures
Petroleum lubricating oil and grease manufacturing
Iron, steel pipe and tube manufacturing from purchased steel
Search, detection, and navigation instruments manufacturing
Other communication and energy wire manufacturing
Retail - Miscellaneous store retailers
Retail - Nonstore retailers
Air transportation
Water transportation
Scenic and sightseeing transportation and support activities for transportation
Nondepository credit intermediation and related activities
Insurance carriers
Real estate
Automotive Rental
Computer systems design services
Environmental and other technical consulting services
Advertising, public relations, and related services
Management of companies and enterprises
Hotels & motels
Full service restaurants
Limited service restaurants
Other federal government enterprises
Other state government enterprises
Other local government enterprises

Project Years and Multiple Models
Purchases of labor and non-labor inputs will occur over multiple years. In order to account
for the phases of the project and Vineyard Wind’s proposed timeline, several input-output
models were constructed, including one for each year in which the expenditures are expected
to occur. The results of these individual yearly models were then aggregated to produce the
final impact tables.
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Local Content: Base and High Scenarios
The PPC developed a Base and High scenario based on the expected local content for the
project. Only expenditures that will be spent in the geographic areas of analysis (i.e.
Massachusetts and SEMA) are included as direct expenditures and only those jobs that are
performed in these areas are included as direct jobs. These final payroll and non-payroll
expenditures were then used as inputs into the IMPLAN input-output modeling system which
was used to estimate the indirect impacts of the proposed project(s).
Vineyard Wind provided the PPC with the expected degree of local procurement and content
for each payroll and non-payroll expenditure, based on their previous development
experience, conversations with local suppliers, and project plans.22 Local content was defined
using a tiered system that assigned payroll and non-payroll expenditures according to the
likelihood of the content being local for both the Base and High scenarios (see Table 18). The
PPC reviewed and vetted these local content assumptions to ensure that the local content
assumptions used in our analysis are both conservative and plausible.
Table 18
Base and High Scenarios
Tier
Tier 1 Expenditure

Base
Scenario
Included

High
Scenario
Included

Tier 2 Expenditure

Included

Included

Tier 3 Expenditure

Not Included

Included

Tier 4 Expenditure

Not Included

Not Included

Tax Impacts
Tax impacts were estimated using IMPLAN’s social accounting matrix, which measures
transactions that occur between industry sectors and transactions that occur between
government and households and between government and production sectors. In so doing,
information on tax transfers is recorded. There are limitations to this approach in estimating
tax impacts. IMPLAN’s tax impacts are based on what was collected for the year of the data,
not tax rates, therefore the tax estimations themselves do reflect actual collected taxes. Also,
the distribution of taxes will be the same regardless of the industries affected. For example,
tax impacts in the healthcare industry are treated by IMPLAN the same as they are for auto
manufacturing or a university. Lastly, using IMPLAN’s tax impacts does not take into account
the cost of providing government services, that is, the tax impact only considers the revenue
side of the equation.

22

Vineyard Wind has secured numerous letters of support from Massachusetts supply chain companies.

33

Proposed Vineyard Wind 800 MW Offshore Wind Energy Project:
Estimated Contribution To Employment And Economic Development

APPENDIX B: DESCRIPTION OF IMPLAN
The indirect and induced economic impacts of the Vineyard Wind project are specified using
IMPLAN (IMpact Analysis for PLANning), which is an econometric modeling system developed
by applied economists at the University of Minnesota and the U.S. Forest Service. The
IMPLAN modeling system utilizes the U.S. Bureau of Economic Analysis’ Input-Output
Benchmarks with other data to construct quantitative models of trade flow relationships
between businesses and between businesses and final consumers. From this data, one can
examine the effects of a change in one or several economic activities to predict its effect on
a specific state, regional, or local economy (impact analysis).
IMPLAN also includes social accounting data (e.g., personal income and gross state product)
that makes it possible to measure non-industrial transactions such as the payment of indirect
taxes by businesses and households. The IMPLAN data base provides data coverage for the
entire United States by county and has the ability to incorporate user-supplied data at each
stage of the model building process to ensure that estimates of economic impacts are both
up-to-date and specific to an economic impact area. IMPLAN can construct local input-output
models in units as small as five-zip code clusters.
IMPLAN’s Regional Economic Accounts and the Social Accounting Matrices are used to
construct local, county, or state-level multipliers specific to an impact area. Multipliers
describe the response of an economy to a change in demand or production. The multipliers
allow economic impact analysis to move from a descriptive input-outputs model to a
predictive model. Each industry that produces goods or services generates demand for other
goods and services and this demand is multiplied through a particular economy until it
dissipates through “leakage” to economies outside the specified area. Thus, multipliers
calculate the response of the economic impact area to a change in demand or production.
IMPLAN models discern and calculate leakage from local, regional, and state economic areas
based on workforce configuration, the inputs required by specific types of businesses, and
the availability of both inputs in the economic area. Consequently, economic impacts that
accrue to other regions or states as a consequence of a change in demand are not counted
as impacts within the economic area. The model accounts for substitution and displacement
effects by deflating industry-specific multipliers to levels well below those recommended by
the U.S. Bureau of Economic Analysis. In addition, multipliers are applied only to personal
disposable income to obtain a more realistic estimate of the multiplier effects from increased
demand. The reliability of these estimates has been proven through empirical testing.
A predictive model is constructed by specifying a series of new expenditures in a specific
economic area (e.g., new employment or construction), which is then applied to the industry
multipliers for that particular region. Based on these calculations, the model estimates final
demand, which includes employment, employee compensation (excluding benefits), and
point-of-work personal income (including benefits). The initial IMPLAN data details all
purchases in a given area, including imported goods and services. Importantly, IMPLAN’s
Regional Economic Accounts exclude imports to an economic area so the calculation of
economic impacts identifies only those impacts specific to the economic impact area. IMPLAN
calculates this distinction by applying Regional Purchase Coefficients (RPC) to predict regional
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purchases based on an economic area’s particular characteristics. The Regional Purchase
Coefficient represents the proportion of goods and services that will be purchased regionally
under normal circumstances, based on the area’s economic characteristics described in terms
of actual trade flows within the area.
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