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EXECUTIVE SUMMARY

INSPIRE Environmental conducted a pre-construction benthic survey at Empire Offshore Wind,
LLC’s (Empire’s) planned offshore wind farm Empire Wind 1 (EW 1) located in the designated
Renewable Energy Lease Area OCS-A 0512 (Lease Area) and along the planned EW 1 export
cable route in federal waters. A total of 90 Sediment Profile and Plan View Imaging (SPI/PV)
and 30 sediment grab stations were sampled at EW 1 and 96 SPI/PV stations were sampled
along the EW 1 export cable route. These 2024 benthic data provide a description of baseline
conditions that will be compared with post-construction results following the development of the
project as detailed in the Empire Wind Fisheries and Benthic Monitoring Plan (INSPIRE 2023).
The survey design was a Before-After-Gradient (BAG) design, consisting of selected wind
turbine generator and offshore substation foundation locations and a BAG design along the EW
1 export cable route stratified by two pre-determined benthic habitat characterizations. SPI/PV
and sediment grab stations were positioned with increasing distance from the location of the
planned infrastructure (either a foundation location or the export cable centerline).

The results of this survey agreed with baseline observations synthesized in the Empire Wind
Habitat Mapping Report to Support Construction Compliance (INSPIRE 2024a). The physical
parameters including sediment type derived from SPI/PV and Coastal and Marine Ecological
Classification Standard (CMECS) Substrate Subgroup at the West survey area were all Very
Fine Sand, while the more heterogeneous East survey area contained mostly Fine Sand with
some Medium Sand and occasional gravels. In general, there were no apparent spatial patterns
observed in relation to any physical or biological parameters with the distance from the
proposed foundation locations or the proposed EW 1 export cable. It is expected that following
construction sediment types and CMECS Substrate Subgroups will vary with distance from the
planned foundation locations at EW 1 and from the planned EW 1 export cable centerline, a
factor that will be the focus of future monitoring reports.

The biological communities observed at EW 1 and along the EW 1 export cable route were
characterized as CMECS Biotic Subclasses Soft Sediment Fauna, Inferred Fauna, and/or
Attached Fauna. The CMECS Biotic Subclass corresponded with the CMECS Substrate
Subgroup classifications; Attached Fauna such as northern star coral occurred more frequently
at stations characterized as Boulder or Cobbly-Bouldery Sand, while Soft Sediment Fauna such
as scallops, sand dollars, snails, and polychaetes occurred at stations with finer sediments.

The oxygen penetration into the sediments was assessed using the apparent redox potential
discontinuity (aRPD) depths, and at EW 1 with sediment grab sample component analysis from
grabs. Oxygen penetration and sediment oxygen demand are expected to change, particularly
near the EW 1 foundation locations, following construction. The prevalent coarser sediments
(i.e., substrates coarser than fine sand) had generally indeterminate aRPD depths, portraying a
lack of optical contrast between oxidized and reduced particles, largely due to the low organic
content in the substrate. This was corroborated by the total organic matter, total organic carbon
and total nitrogen results from the sediment grab sample analysis. Benthic habitat types defined
by finer sediments at EW 1 and in survey areas along the EW 1 export cable route were more
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likely to have distinguishable aRPD depths. More frequently discernable aRPD depths at finer
sediment stations were expected given the higher inventory of organic material typical in these
environments relative to coarser sediments. Sediment grab sample analysis at EW 1 stations
revealed relatively low total organic matter, low total organic carbon, and low total nitrogen
concentrations.

Similar to aRPD depths, advanced infaunal successional stage (Stage 3) taxa rely on
environmental factors present typically in depositional and soft sediment environments (e.g.,
supply of organic matter, infrequent natural physical disturbances to the seabed). Successional
stage classifications across the stations surveyed at EW 1 were typically Stage 2. Stage 2 and
Stage 3 were typically observed along the EW 1 export cable route stations in the West survey
area; at the East survey area the successional stage was most often Stage 2, with rare
occurrences of Stage 2 on 3. More advanced successional stages observed at the West survey
area are consistent with finer sediments with relatively low natural physical disturbance; less
advanced successional stages were noted at the East survey area where there were coarser
sediments.

No non-native taxa, sensitive taxa, or species of concern (sensu Guida et al. 2017) were
observed at EW 1. Northern star coral, Astrangia poculata, a non-reef-building hard coral, was
observed at the EW 1 export cable route in the East survey area at stations with boulder or
cobble sized gravel. Atlantic sea scallop, Placopecten magellanicus, was noted at one station at
the West survey area of the EW 1 export cable route in sandy habitat.
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1.0 INTRODUCTION
1.1 Overview of Proposed Project

Empire Offshore Wind, LLC (Empire) proposes to construct and operate an offshore wind farm
located in the designated Renewable Energy Lease Area OCS-A 0512 (Lease Area). The Lease
Area covers approximately 79,350 acres (ac; 32,112 hectares [ha]) and is located in the New
York Bight approximately 14 statute miles (mi) (12 nautical miles [nm], 22 kilometers [km]) south
of Long Island, New York and 19.5 mi (16.9 nm, 31.4 km) east of Long Branch, New Jersey
(Figure 1-1). Empire proposes to develop the Lease Area with a wind farm known as Empire
Wind 1 (EW 1). The EW 1 portion of the Lease Area is located north and west of the 35-meter
(m) depth contour that runs through the Lease Area.

1.2 Benthic Survey Objectives

INSPIRE Environmental, Inc. (INSPIRE), contracted by Empire, conducted a pre-construction
benthic monitoring survey at EW 1 and along the EW 1 export cable route in federal waters to
fulfill pre-construction benthic monitoring requirements as described in detail in the Empire Wind
Fisheries and Benthic Monitoring Plan (FBMP) (INSPIRE 2023). This survey followed a Before-
After-Gradient (BAG) design based on the understanding of habitat distribution at EW 1
(Construction and Operations Plan [COP] Appendix T, Tetra Tech 2022), and an analysis of
benthic monitoring results from European wind farms and the Realtime Opportunity for
Development Environmental Observations (RODEO) study at Block Island Wind Farm
(Lindeboom et al. 2011; Coates et al. 2014; Degraer et al. 2018; Dannheim et al. 2019; Lefaible
et al. 2019; HDR 2020). The BAG survey design eliminates the need for a reference area, as
this design is focused on sampling along a spatial gradient within the area of interest rather than
using a control location that may not be truly representative of the conditions within the area of
interest (Methratta 2020). This design also allows for the examination of spatial variation within
the wind farm and does not assume homogeneity across sampling stations (Methratta 2020).

The pre-construction benthic monitoring survey at EW 1 and along the EW 1 export cable route
included the collection of baseline data at benthic habitats 1) associated with selected wind
turbine generator and offshore substation (OSS) foundation positions (Structure-associated
Organic Enrichment monitoring); and 2) along the EW 1 export cable route in federal waters
(Cable-associated Physical Disturbance monitoring). This survey included the collection of
Sediment Profile and Plan View Imaging (SPI/PV) and sediment grab samples that were
analyzed for grain size distribution, bulk organic matter, and total organic carbon and total
nitrogen content.

The specific objectives of the benthic survey were to:

e Collect baseline benthic data (SPI/PV and sediment grabs) along transects centered
around four pre-selected wind turbine generator foundation locations and one OSS
location at EW 1.

INSPIRE 1
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e Collect baseline benthic data (SPI/PV and sediment grabs) along the EW 1 export cable
route at two locations. One location to the east, characterized by higher complexity
habitat, and another location to the west characterized by lower complexity habitat.

The benthic imagery was analyzed using the Coastal and Marine Ecological Classification
Standard (CMECS) (Federal Geographic Data Committee [FGDC] 2012), consistent with
methods and parameters used during the analysis and reporting of the 2023 benthic survey in
support of the Empire Wind Pre-Construction Benthic Monitoring in New York State Waters
(INSPIRE 2024b).

INSPIRE 2
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2.0 METHODS

The survey was completed from 10 to 22 August 2024 aboard the 110-foot (ft) Research Vessel
(R/V) Atlantic Surveyor. At EW 1, INSPIRE collected SPI/PV imagery at a total of 90 stations;
sediment grab samples were collected at 30 of these stations for grain size and organic content
analyses. Stations were distributed along transects at one offshore substation foundation (C09)
and four selected foundation positions (B17, C20, D03, and D14) (Figure 2-1; Appendix A).
Along the export cable route, INSPIRE collected SPI/PV imagery at a total of 96 stations, which
were split approximately evenly between the East survey area of relatively high habitat
complexity and the West survey area of lower habitat complexity (Figure 2-2). Each of these two
separate survey areas consisted of six transects positioned perpendicular to the planned cable
routes, with three transects extending from each side of the planned cable centerlines and eight
stations along each transect (Figure 2-2; Appendix A).

21 Survey Design

This baseline survey is the first of several surveying events that will monitor changes to the
benthic habitat in relation to the construction and operation of EW 1. The benthic monitoring
program employs a BAG design, which allows for monitoring changes in the benthic function of
the seafloor surrounding foundations (wind turbine generators and OSS) and along the EW 1
export cable route once the project is constructed (INSPIRE 2023). This survey design is
framed around the hypothesis that effects associated with the project construction and operation
will be most pronounced near the installed structures and effects will decrease with distance
from the assets (i.e., EW 1 selected wind turbine generator foundations, EW 1 OSS, and EW 1
export cable).

21.1 EW 1 Survey Design

Stations were sampled at one OSS and four replicate wind turbine generator foundations to
assess Structure-associated Organic Enrichment during the pre-construction benthic monitoring
survey (Figure 2-1; Appendix A). SPI/PV stations were positioned along two transects that
extended from the center point of the proposed foundation locations. Transects were positioned
based on prevailing currents (WHOI 2016), with one transect positioned up-current and the
other down-current of the proposed foundation position (Figure 2-1). There were nine stations
on each transect, totaling 18 stations per selected foundation and 90 stations total. At the OSS
foundation, stations were positioned at distances of 40 m, 50 m, 65 m, 80 m, 105 m, 155 m, 255
m, 305 m, and 900 m from the center point (Figure 2-3). At the wind turbine generator
foundations, stations were located at distances of 16 m, 26 m, 40 m, 55 m, 80 m, 130 m, 230 m,
280 m, and 900 m from the center point (Figure 2-4).

Sediment grab samples were collected along each of the upstream and downstream transects
per foundation at 50 m, 155 m, and 900 m from the center point of the planned OSS foundation
and 26 m, 130 m, and 900 m from the center point of the selected planned wind turbine
generator foundations. This totaled six sediment grab samples collected per foundation (30
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stations); in addition, three field duplicate grab samples were collected as a quality control
measure, resulting in an overall total of 33 grab samples. Co-occurring SPI/PV and grab sample
stations will be used in tandem during analysis of organic enrichment.

2.1.2 EW 1 Export Cable Route — Federal Waters Survey Design

SPI/PV stations were surveyed along the export cable route in federal waters to assess Cable-
Associated Physical Disturbance along the EW 1 export cable route as described in the Empire
Wind FBMP (INSPIRE 2023). EW 1 export cable route SPI/PV stations were positioned along
12 transects stratified by two levels of relative benthic habitat heterogeneity (Greene et al. 2010,
soft sediments updated 2020; INSPIRE 2024a), East and West, described above. The survey
transects extended perpendicularly from the proposed EW 1 export cable route (Figure 2-2).
Transects were designed in triplicate on each side of the cable route, creating a total of six
statistically independent transects and 48 SPI/PV stations per survey area (Figure 2-2). There
were eight SPI/PV stations on each transect; the distance between each station on the transect
lines increased with distance from the proposed EW 1 export cable route centerline: 0 m, 10 m,
20 m, 30 m, 60 m, 90 m, 200 m, and 1,000 m (Figure 2-5).

2.2 Sediment Profile and Plan View Image Navigation

Navigation software was used for acquiring positional data and navigating the vessel to the
targeted stations. When the vessel was within a 7.5-m radius of the target location, the SPI/PV
camera system was lowered to the seafloor. The navigator electronically recorded the vessel’s
position and water depth when the SPI/PV camera system contacted the seafloor as informed
by the winch wire going slack.

23 Sediment Profile and Plan View Image Collection

SPI/PV imaging is a monitoring technique used to provide data describing the physical
characteristics of the seafloor and the benthic biological community (Germano et al. 2011).
SPI/PV imaging is a powerful tool that can efficiently map gradients in sediment type, biological
communities, and disturbances from physical forces and organic enrichment of the seafloor. As
an observational approach, SPI/PV-derived data are a snapshot in time and space of the
benthic environment, and through interpretation and analysis can provide information on the
dynamic processes that shape the physical and biological characteristics of the seafloor; these
interpretations should be considered hypotheses available for further testing/confirmation.

2.3.1 Sediment Profile Image Collection

The SPI technique involves deploying an underwater camera system to photograph a cross-
section of the sediment—water interface (INSPIRE 2019). High-resolution SPI images were
acquired using a Nikon® D7200 digital single-lens reflex (DSLR) camera mounted inside an
Ocean Imaging® DSC24000 pressure housing. The pressure housing sat atop a wedge-shaped
steel prism with a plexiglass front faceplate and a back mirror, which was mounted at a 45°
angle. The camera lens looked down at the mirror, which reflected the image from the faceplate.
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The prism had an internal strobe mounted inside at the back of the wedge to provide
ilumination for the image; this chamber was filled with distilled water, so the camera always had
an optically clear path. The descent of the prism into the sediment was controlled by a hydraulic
piston. As the prism penetrated the seafloor, a trigger activated a time-delayed circuit that fired
the internal strobe to obtain a cross-sectional image of the upper sediment column (Figure 2-6).
The camera remained on the seafloor for approximately 20 seconds to ensure that successful
images were obtained.

Test exposures of a Color Calibration Target were made on deck at the beginning of the survey
to verify that all internal electronic systems were working to design specifications and to provide
a color standard against which final images could be checked for proper white balance. Test
images were also captured to confirm proper camera settings for site conditions. For the EW 1
and EW 1 export cable route stations, the SPI camera ISO-equivalent was set at 100, the
shutter speed was 1/250s, and the f-stop was f5.6. Images were stored in compressed raw
Nikon Electronic Format (NEF) files (approximately 30 megabytes [MB] each). Images were
checked periodically throughout the survey to confirm that the initial camera settings were still
resulting in the highest quality images possible. All camera settings and any setting changes
were recorded in the field log. Details of the camera settings for each digital image are also
available in the associated parameters file embedded in each electronic image file.

When the camera was brought back on board, typically after collection at several stations, the
frame counter was checked to ensure that the requisite number of replicates had been obtained
at each station. If images were missed or the penetration depth was insufficient, additional
replicate images were taken. Frame counts, time of image acquisition, water depth, frame stop-
collar position, and the number of weights used were recorded in the field log for each replicate
image. Visual checks and hand-tightening checks of all nuts and bolts on the SPI/PV camera
frame were conducted periodically to make sure nothing vibrated loose during the survey.

Prior to field operations, the internal clock in the digital SPI system was synchronized with the
vessel’s navigation. Each image was assigned a unique time stamp in the digital file attributes
by the camera’s data logger and cross-checked with the time stamp in the navigational system’s
computer data file. Digital image files were renamed with the appropriate station names
immediately after downloading as an additional quality assurance step.

2.3.2 Plan View Image Collection

Plan view images of the seafloor surface were collected using an Ocean Imaging® Model
DSC16000 underwater camera system with two Ocean Imaging® Model 400-37 Deep Sea
Scaling lasers, which were attached to the sediment profile camera frame. Both SPI and PV
images were collected during each “drop” of the system. The PV system consisted of a Nikon®
D7100 DSLR camera encased in a pressure housing, a 24 VDC autonomous power pack, a 500
W strobe, and a bounce trigger. A weight was attached to the bounce trigger with a stainless-
steel cable so that the weight hung below the camera frame; the scaling lasers projected two
red dots that were separated by a constant distance (26 centimeters [cm]) regardless of the field
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of view of the PV system. The field of view can be changed by increasing or decreasing the
length of the trigger wire and, thereby, the camera height above the bottom when the picture is
taken. As the SPI/PV camera system was lowered to the seafloor, the weight attached to the
bounce trigger contacted the seafloor prior to the camera frame reaching the seafloor and
triggered the PV camera to take an image (Figure 2-6).

During the set-up and testing of the PV camera, the positions of lasers on the PV camera were
checked and calibrated to ensure a separation of 26 cm. Test images were also captured to
confirm proper camera settings for site conditions. For the survey, the PV camera ISO-
equivalent was set at 500, the shutter speed was 1/30s and the f-stop was f13. Images were
stored in compressed raw NEF files (approximately 30 MB each). Images were checked
periodically throughout the surveys to confirm that the initial camera settings were still resulting
in the highest quality images possible. All camera settings and any setting changes were
recorded in the field log. Details of the camera settings for each digital image are also available
in the associated parameters file embedded in each electronic image file.

Prior to field operations, the internal clock in the digital PV system was synchronized with the
vessel’s navigation system and the SPI camera. Each image was assigned a unique time stamp
in the digital file attributes by the camera’s data logger and cross-checked with the time stamp in
the navigational system’s computer data file. In addition, the field crew kept redundant field logs.
Throughout the surveys, PV images were downloaded at the same time as SPI and were
evaluated for successful image acquisition and image clarity. Digital image files were renamed
with the appropriate station names immediately after downloading as a further quality assurance
step.

The ability of the PV system to collect usable images is dependent on the clarity of the water
column. Water conditions during the offshore survey allowed the use of a 1.0-m trigger wire,
resulting in a mean image width of 0.7 m and a mean field of view of 0.3 m?.

2.3.3 Image Conversion and Calibration

Following the completion of field operations, quality control checks were conducted of
filenames, date/time stamps, and the field log. After these procedures, the NEF raw image files
were color calibrated in Adobe Camera Raw® by synchronizing the raw color profiles to the
Color Calibration Target that was photographed prior to field operations with the SPI camera.
The raw SPI and PV images were then converted to high-resolution Photoshop Document
(PSD) format files, using a lossless conversion file process and maintaining an Adobe RGB
(1998) color profile. The PSD images were then calibrated and analyzed in Adobe Photoshop®.
Length and area measurements were recorded as a number of pixels and converted to scientific
units using the calibration information.

INSPIRE °

EMVIRONMENTAL



Empire Wind 2024 Pre-Construction Benthic Monitoring Survey Report — Federal Waters

24 Sediment Profile and Plan View Image Analysis

At least four replicate SPI/PV paired images were captured at each station. Each replicate
camera position was recorded, time-stamped, and linked to the SPI/PV log by station number
and replicate. At the time of sample acquisition, the time, station name and replicate were
recorded in the field log. The three replicate images with the best quality (adequate prism
penetration, no or minimal sampling artifacts) at each station were selected for analysis.

SPI and PV images were analyzed using a set of standard computer-aided measurements to
allow for comparisons among different areas of interest. Measured parameters for SPI and PV
images were recorded in Microsoft Excel© spreadsheets. These data were subsequently
checked by INSPIRE’s senior scientists as an independent quality assurance/quality control
review before final interpretation was performed. Spatial distributions of SPI and PV parameters
were mapped using ESRI ArcGIS 10.7. Map backgrounds use a worldwide data layer called
ESRI Oceans or ESRI Aerial Imagery (Esri, Garmin, GEBCO, NOAA NGDC, and other
contributors) to provide geospatial context.

2.41 Sediment Profile Image Analysis Parameters

The parameters discussed below were assessed and/or measured and recorded for each
replicate SPI selected for analysis (Appendix B). Notable, descriptive comments were also
recorded. A depiction of standard variables derived from example SPI from soft bottom settings
is provided in Figure 2-7.

2.41.1 Grain Size Major Mode

The sediment grain size major mode and range were determined via one of two ways: 1)
visually estimated from the SPI by overlaying a grain size comparator utilizing Udden-
Wentworth sediment standards that were at the same scale and photographed through the SPI
optical system; or 2) representative sample of measurements of the diameter of individual
grains (often possible for grain sizes larger than a phi of 3 to 2). Both approaches allow for grain
sizes to be transformed into a sediment type for data presentation. With respect to the grain size
comparator, this transformation was prepared by photographing a series of Udden-Wentworth
size classes (equal to or less than coarse silt up to granule and larger sizes) with the SPI
camera: silt/clay (>4 phi), very fine sand (4 to 3 phi), fine sand (3 to 2 phi), medium sand (2 to 1
phi), coarse sand (1 to 0 phi), very coarse sand (0 to -1 phi), and granule and larger (<1 phi).
The lower limit of optical resolution of the photographic system is about 62 microns, allowing
recognition of grain sizes equal to, or greater than, coarse silt (>4 phi). The accuracy of this
method has been documented by comparing SPI estimates with grain size statistics determined
from laboratory sieve analyses (Marine Surveys 1984).

2.4.1.2 Prism Penetration Depth

The SPI prism penetration depth was measured from the bottom of the image to the sediment—
water interface. The area of the entire cross-sectional sedimentary portion of the image was

INSPIRE 7

EMVIRONMENTAL



Empire Wind 2024 Pre-Construction Benthic Monitoring Survey Report — Federal Waters

digitized; the number of pixels within this area was divided by the calibrated linear width of the
image to determine the mean penetration depth. Linear maximum and minimum depths of
penetration were also measured. All three measurements (maximum, minimum, and mean
penetration depths) were recorded in the data file.

When the stop collar settings and the number of weights used in the camera frame are held
constant for all stations, the depth to which the SPI prism penetrated the seafloor indicates the
relative load-bearing capacity and shear strength of the sediment in the survey area. The
penetration depth can range from a minimum of 0 cm (no penetration) to a maximum of 20 cm
(full penetration of very soft substrata). Comparative penetration values from sites of similar
grain size indicate the relative water content of the sediment. Highly bioturbated sediments and
rapidly accumulating sediments tend to have higher water content and greater prism penetration
depths.

2.4.1.3 Small-Scale Surface Boundary Roughness

Surface boundary roughness was determined by measuring the vertical distance between the
highest and lowest points of the sediment—water interface in each SPI. The camera must be
level to record accurate boundary roughness measurements. The surface boundary roughness
(sediment surface relief) measured over the width of sediment profile images typically ranges
from 0 to 4 cm and may be related to either physical structures (ripples) or biogenic features
(burrow openings, fecal mounds, foraging depressions). Biogenic roughness typically changes
seasonally and is related to the interaction of bottom turbulence and bioturbation. In sandy
sediments, boundary roughness can be a measure of sand wave height. On silt/clay bottoms,
boundary roughness values often reflect biogenic features such as fecal mounds or surface
burrows. The size and scale of boundary roughness values can have dramatic effects on both
sediment erodibility and localized oxygen penetration into subsurface sediments (Huettel et al.
1996).

2.4.1.4 Apparent Redox Potential Discontinuity (aRPD) Depth

Oxic near-surface marine sediments typically have higher reflectance relative to underlying
hypoxic or anoxic sediments. Surface sands washed free of mud also have higher optical
reflectance than underlying muddy sands. Oxidized surface sediments contain particles coated
with ferric hydroxide (an olive or tan color when associated with particles) while reduced and
muddy sediments below this oxygenated layer are darker, generally gray to black (Fenchel
1969; Lyle 1983; Sturdivant and Shimizu 2017). These differences in optical reflectance are
visible in SPI. The boundary between colored ferric hydroxide surface sediments and underlying
gray-to-black sediments is called the apparent redox potential discontinuity (aRPD) (Figure 2-7).
The aRPD depth is described as “apparent” because of the potential discrepancy between
where the sediment color shifts and the complete depletion of dissolved oxygen concentration
occurs due to the lag time between when the redox potential (Eh) reaches 0 millivolts (mV) and
the precipitation of darker sulfidic sediments (Jorgensen and Fenchel 1974). However, the
mean aRPD depth measured in SPI is a suitable proxy for the RPD with the depth of the actual
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Eh = 0 horizon generally either equal to or slightly shallower than the depth of the optical
reflectance boundary (Rosenberg et al. 2001; Simone and Grant 2017). Factors that influence
the aRPD depth include biological processes (e.g., respiration, bioturbation) and physical
processes (e.g., advection, diffusion, local erosion). Scouring can wash away fines and shell or
gravel deposits and can result in a very thin surface oxidized layer. During storm periods,
erosion may completely remove any evidence of the aRPD depth (Fredette et al. 1988).

In sandy sediments that have very low sediment oxygen demand (SOD), the sediment may lack
a visibly reduced layer even if an RPD is present. Because the determination of the aRPD depth
requires discernment of an optical contrast between oxidized and reduced particles, it is difficult,
if not impossible, to determine the aRPD depth in well-sorted sands of any size that have little to
no silt or organic matter content. When using SPI technology on sand bottoms, estimates of the
mean aRPD depths are often indeterminate with conventional white light photography. In these
types of sediments, often, aRPD depths are likely below the prism penetration depth,
particularly in high energy areas where frequent seabed disturbance mixes and oxygenates the
top several centimeters of sediment. The aRPD depth would be noted as greater than
penetration if this is likely the case, evidenced by surface ripples and replicate images where
slightly deeper prism penetration depths reveal a deep aRPD depth (dark sediments visible
beneath the sand, near the bottom of the visible sediment column).

2.4.1.5 Other Benthic Respiration Indicators

SOD is the rate of oxygen consumption, biologically and chemically, by the sediment column.
Organic loading in a system results in increased SOD and reduced sediments. The relative
amount of organic enrichment is indicated by sediment color; darker coloration indicates that
sediments are more reduced with likely greater organic loading (Fenchel 1969; Rhoads 1974;
Lyle 1983; Bull and Williamson 2001; Sturdivant and Shimizu 2017). SOD levels (i.e., none, low,
medium, and high) were assessed for all images. Images in which dark-gray or black reduced
sediments were in contact with the water column across the entire length of the sediment—water
interface were recorded as having low dissolved oxygen conditions with high SOD.

If organic loading is high, porewater sulfate is depleted and methanogenesis occurs. The
process of methanogenesis can be apparent in SPI by the presence of methane bubbles in the
sediment column. These gas-filled voids are readily discernable in SPI images because of their
irregular, generally circular aspect and glassy texture (due to the reflection of the strobe off the
gas bubble). The presence/absence of methane was recorded for all images.

A primary diagnostic feature indicating hypoxic conditions due to elevated organic enrichment is
the presence of Beggiatoa or Beggiatoa-like colonies. While it cannot be determined with
certainty that any bacterial colonies seen in profile images are the genus Beggiatoa, these
bacterial mats are known to be in the same family of sulfur-oxidizing bacteria that only appear in
hypoxic or anoxic conditions. These colonies have diagnostic morphology that has been
documented in numerous other sediment profile imaging surveys (Nilsson and Rosenberg 1997;
Rosenberg et al. 2001; Karakassis et al. 2002; Germano et al. 2011). The presence of sulfur-
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oxidizing bacterial colonies indicates hypoxic dissolved oxygen concentrations in the water
column at the benthic boundary-layer (Rosenberg and Diaz 1993; Sturdivant et al. 2012). The
presence/absence of Beggiatoa or Beggiatoa-like colonies were noted.

2.41.6 Layering

In the post-construction analysis this survey is meant to be compared with, layering is expected
to develop. Because of the camera's unique design, SPI can be used to detect the thickness of
layers of sediment. SPI is effective in measuring layers ranging in thickness from 1 millimeters
(mm) to 20 cm (the height of the SPI optical window). Recently deposited material is usually
evident because of its unique optical reflectance and/or color relative to the underlying material
representing the previous sediment—water interface. Also, in most cases, the point of contact
between the two layers is clearly visible as a textural change in sediment composition,
facilitating measurement of the thickness of the more recent layer. Sedimentary layer thickness
was not assessed for this survey, since the presence of layering was not anticipated pre-
construction.

2.4.2 Plan View Image Analysis Parameters

PV images record conditions at the seafloor surface in a downward-looking orientation. They
provide a larger field of view than SPI along with valuable information about the landscape
ecology and sediment topography in the area where the pinpoint “optical core” of the sediment
profile was taken (Figure 2-8). The parameters discussed below were assessed and/or
measured and recorded for each replicate PV image selected for analysis (Appendix C).

2.4.2.1 Field of View

The field of view area was measured using the scale information provided by the underwater
lasers (i.e., the measurement between two laser points with a known distance). Scaling allows
accurate measurements of sediment grain sizes, density counts of attached epifaunal colonies,
sediment burrow openings, and/or larger macrofauna or fish. The laser points may not be visible
in images with high turbidity. Water conditions during the offshore survey allowed the use of a
1.0-m trigger wire, resulting in a mean image width of 0.7 m and a mean field of view of 0.3 m?.

2.4.2.2 Bedforms

Seafloor bedforms are indicative of seafloor hydrodynamics and are physical features visible on
the surface of the seafloor. These features can give an indication of the physical energy of the
system (ripples) or of biotic activity (feeding pits). Sediment bedforms such as sand waves,
sand bars, and ripples develop as a response of the seafloor to hydrodynamic conditions. For
example, short-wavelength sediment ripples indicate mobile sands and active bedload
transport. In contrast, soft silt/clay sediments often lack surficial bedforms and indicate
quiescent depositional environments. The view of the seafloor provided in the PV images was
<1 m?, the scope of this view limits the ability to distinguish bedforms that exist over larger
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scales (e.g., sand waves or dunes). Bedforms, where present, were noted for each replicate PV
image.

2.4.2.3 CMECS Biotic Subclass

The Biotic Component of CMECS is a classification of the living organisms of the seabed and
water column together with their physical associations at a variety of spatial scales. The Biotic
Component is organized into a branched hierarchy of five nested levels: Biotic Setting, Biotic
Class, Biotic Subclass, Biotic Group, and Biotic Community. Biotic Component classifications
are defined by the dominance of life forms, taxa, or other classifiers in the observation. In the
case of PV images, dominance is assigned to the taxa with the greatest percent cover in the
observational footprint (FGDC 2012). CMECS categories are provided in uppercase throughout
this report.

The Biotic Subclass is a key CMECS classifier that presents valuable information about the
surveyed area in terms of physical habitat and the potential presence of sensitive taxa;
therefore, it was identified as a parameter for PV image analysis. Biotic Subclasses describe
dominant biota at a coarse level, and, to provide additional information, a Co-occurring Biotic
Subclass was designated as any secondarily dominant (by percent cover) Biotic Subclass. The
Biotic Component Setting most applicable to all data reported here is the Benthic/Attached
Biota. Within the Benthic/Attached Biota setting, there are eight classes, of which the Faunal
Bed class is of most relevance to EW 1. Three subclasses fall under the Faunal Bed hierarchy:
Attached Fauna, Soft Sediment Fauna, and Inferred Fauna. Inferred Fauna (e.g., tracks and
trails, egg masses) were primarily used in this study to inform or confirm the selection of either
the Attached or Soft Sediment Fauna subclass. Although the Biotic Subclass is not directly
based on sediment grain size distributions, it reflects them at the scale of relevance to the
dominant fauna present, thus serving as an integrator of physical and biological characteristics
of the seafloor. CMECS expressly states that “substrate type is such a defining aspect of the
Faunal Bed class that CMECS Faunal Bed subclasses are assigned as physical-biological
associations involving both biota and substrate (FGDC 2012).”

PV images were assigned one of the following Biotic Subclasses, under the Faunal Bed
hierarchy (definitions from FGDC 2012):

o Attached Fauna — “Areas characterized by rock substrates, gravel substrates, other hard
substrates, or mixed substrates that are dominated by fauna which maintain contact with
the substrate surface, including firmly attached, crawling, resting, interstitial, or clinging
fauna. Fauna may be found on, between, or under rocks or other hard substrates or
substrate mixes. These fauna use pedal discs, cement, byssal threads, feet, claws,
appendages, spines, suction, negative density, or other means to stay in contact with the
(generally) hard substrate, and may or may not be capable of slow movement over the
substrate. Many attached fauna are suspension feeders and feed from the water
column. Other attached fauna are benthic feeders, including herbivores, predators,
detritivores, and omnivores.”
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e Soft Sediment Fauna — “Areas that are characterized by fine unconsolidated substrates
(sand, mud) and that are dominated in percent cover or in estimated biomass by
infauna, sessile epifauna, mobile epifauna, mobile fauna that create semi-permanent
burrows as homes, or by structures or evidence associated with these fauna (e.g.,
tilefish burrows, lobster burrows). These animals may tunnel freely within the sediment
or embed themselves wholly or partially in the sediment. In many cases, they will
regularly leave their burrows, and may move rapidly or swim actively after doing so, but
any animal that creates a semi-permanent home in the sediment can be classified as
Soft Sediment Fauna. These animals may also move slowly over the sediment surface
but are not capable of moving outside of the boundaries of the classification unit within
one day. Most of these fauna possess specialized organs for burrowing, digging,
embedding, tube-building, anchoring, or locomotory activities in soft substrates.”

¢ Inferred Fauna — “Areas dominated by evidence (real or inferred) of faunal activity, but
where the fauna themselves are not currently present or evident, given the sampling
methodology.”

¢ IND — an indeterminate Biotic Subclass

The Biotic Component subclasses of Attached and Soft Sediment Fauna are broad-brush tools
for screening-level assessments of seafloor habitats for offshore wind development. Mapping
proposed development areas with this CMECS classifier can highlight locations, that from a
benthic habitat perspective, might be considered suitable for offshore wind development (Soft
Sediment Fauna) and those that may be unsuitable or require further detailed study to
determine suitability (Attached Fauna). Depending on the results and scale of reconnaissance
surveys, additional studies would likely be needed as specific siting alternatives are examined.

Attached Fauna habitats are also referred to in some documents as “live bottom.” These hard
bottom habitats that support “live bottom” are considered potentially valuable and sensitive
resources for regionally important taxa. Additionally, cobbles and boulders can provide habitat
for a diverse range of taxa and serve as valuable habitat for corals and as a place for squid to
lay their eggs.

2.4.3 Parameters Obtained Using Both SPI and PV Imagery

The parameters discussed below were assessed and/or measured and recorded for each
replicate SPI and PV pair selected for analysis (Appendices B and C). A station-level summary
of select variables derived from SPI and/or PV is provided in Appendix D.

2.4.3.1 Infaunal Successional Stage

The classification of infaunal successional stages is readily accomplished with SPI/PV
technology. Infaunal successional stage is a measure of the biological community inhabiting the
seafloor. Organism—sediment interactions in fine-grained sediments follow a predictable
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sequence of development after a major disturbance (e.g., dredged material disposal) (Pearson
and Rosenberg 1978; Rhoads and Germano 1982; Rhoads and Boyer 1982). This continuum is
divided subjectively into four stages: Stage 0, indicative of a sediment column that is largely
devoid of macrofauna, occurs immediately following a physical disturbance or in close proximity
to an organic enrichment source; Stage 1 is the initial recolonizing of tiny, densely populated
polychaete assemblages; Stage 2 is the start of the transition to head-down deposit feeders;
and Stage 3 is the mature, equilibrium community of deep-dwelling, head-down deposit feeders
(Figure 2-9). In SPI images, Stage 3 is often presented as visible feeding voids created by the
activity from head-down deposit feeders. Voids were counted.

Various combinations of these basic successional stages are possible. For example, secondary
succession can occur (Horn 1974) in response to additional labile carbon input to surface
sediments, with surface-dwelling Stage 1 or 2 organisms coexisting at the same time and place
with Stage 3, resulting in the assignment of a “Stage 1 on 3” or “Stage 2 on 3” designation. If
both Stage 1 and Stage 2 organisms exist in an image with Stage 3 fauna, the Stage 1 on 3
designation is used because it is more important to denote the presence of recruiting organisms
than intermediate Stage 2 fauna. In addition, intermediate stages (1->2 and 2->3) exist when
limited evidence of a more advanced stage is documented alongside an earlier stage. For
example, a Stage 2->3 designation might be assigned to an image where Stage 2 tubes have
been documented overlaying a very deep aRPD, which suggests that deep-dwelling, head-
down deposit feeders are likely to exist in that area and were not captured in that particular SPI
replicate. Further, if Stage 2 tubes are observed in SPI concurrent with large burrow openings
on the sediment surface observed in PV, Stage 2->3 is assigned.

While the successional dynamics of invertebrate communities in fine-grained sediments have
been well documented, the successional dynamics of invertebrate communities in sand and
coarser sediments are not well known. Consequently, the insights gained from SPI/PV
technology regarding biological community structure and dynamics in sandy and coarse-grained
bottoms are limited. Successional stage was assigned by assessing the types of infauna and
related activities (e.g., feeding voids) apparent in both the SPI and PV images. Successional
stage is a CMECS modifier, adding detail and informing CMECS classifications.

A successional stage rank variable was applied to each image to evaluate successional stages
numerically. A rank value of 3 was assigned to Stage 3, 2 on 3, and 1 on 3 designations, a
value of 2 was applied to Stage 2 and 1 on 2, a value of 1 was applied to Stage 1, intermediate
ranks were assigned to the transitional assemblages (2.5 for Stage 2 transitioning to Stage 3,
and 1.5 for Stage 1 transitioning to Stage 2), and images from which the stage could not be
determined were excluded from calculations. The average successional stage rank among
replicates was used to represent the station value.

2.4.3.2 Fauna and Flora Presence

Where visible in the SPI and/or PV images, flora and fauna were identified to the lowest
possible taxonomic grouping. The inferred presence of fauna was identified through
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observations of burrows, tubes, tracks, foraging pits, and fecal casts. The presence of surficial
tubes and deep voids were also noted. Fauna were grouped into several categories: fish, eggs,
soft sediment infauna, sessile epifauna, mobile epifauna, sensitive taxa, species of concern,
and non-native taxa. Epifauna taxa is a CMECS modifier (Associated Taxa), adding detail to the
CMECS classifications. Where attached flora and fauna or non-native taxa were present in PV
images, the percent coverage of the image was estimated using the CMECS Percent Cover
Modifier (FGDC 2012).

2.4.3.3 CMECS Substrate Group and Subgroup

Substrate’ is defined in CMECS as the non-living materials that form an aquatic bottom or
seafloor or that provide a surface (e.g., floating objects, buoys) for growth by attached biota.
Substrate may be composed of any substance, natural or manmade. Describing the
composition of the substrate is a fundamental part of any ecological classification scheme.
Substrate provides context and setting for many aquatic processes, and it provides living space
for benthic and attached biota. The Substrate Component is a characterization of the
composition and particle size of the surface layers of the substrate; this component is designed
to be compatible with a range of sampling tools (FGDC 2012). Updates to the CMECS
Substrate Component were approved and made publicly available in early 2024 (CMECS 2023).
Analysis was completed utilizing the updated CMECS Substrate Component following guidance
in the interim Substrate Component publication and related materials made publicly available by
the CMECS Substrate Component Workgroup on GitHub. CMECS categories are provided in
uppercase throughout this report.

Detailed definitions of all possible substrate classifications can be found in the CMECS
document (FGDC 2012); only the substrate classifications observed in this survey are presented
here. Where gravels were present in PV, the largest and dominant gravel sizes (maximum and
mode) were measured; the diameter in millimeters (mm) was calculated and translated to a
gravel type according to the Wentworth scale (Wentworth 1922). PV images were assigned a
Substrate Group and subsequently, each SPI/PV image pair was assigned a Substrate
Subgroup, nested hierarchically within the observed Substrate Group (Figure 2-10). Because
PV imagery does not allow for reliable determination of median size of sand particles, a
modification for the Group was used: “Sand or finer.” Where the Group determined from PV was
Sand or finer, the grain size major mode of surficial sediments obtained from SPI was used as
the CMECS Substrate Subgroup classification. The definitions for the CMECS Substrate
Groups documented during the survey, and a list of the nested Substrate Subgroups, are
presented here:

e Very Coarse Gravel — Geologic Unconsolidated Mineral Substrate surface is 280%
gravel particles 64 mm to <4,096 mm in diameter.

' CMECS uses the term ‘substrate’ for both a geological substratum (a layer of sediment or rock) and for biological or
anthropogenic substrates (solid surfaces on which plants or animals grow). For CMECS descriptions we adopt this
convention, but for SPI descriptions of sediments we use the geological term, i.e., substratum.

INSPIRE 1

EMVIRONMENTAL



Empire Wind 2024 Pre-Construction Benthic Monitoring Survey Report — Federal Waters

o Boulder: Geologic Unconsolidated Mineral Substrate surface is 280% gravel
particles >256 mm in diameter.

e Gravel Mixes — Geologic substrate surface layer is 30% to <80% gravel.

o Sandy Gravel?: Geologic Substrate is 30% to <80% gravel, with sand composing
90% or more of the remaining sand-mud mix.

e Gravelly Mixes — Geologic substrate surface layer is 5% to <30% gravel.

o Gravelly Sand?: Geologic Substrate is 5% to <30% gravel, and the remaining
sand-mud mix is 90% or more sand.

e Sand or finer — Geologic substrate is <5% gravel, grain size major mode obtained from
SPI of surficial sediments (see Section 2.4.1.1 for size classification descriptions) was
used to decipher the following Subgroups within this Group:

o Medium Sand
o Fine Sand
o Very Fine Sand

2.4.3.4 Sensitive Taxa and Species of Concern

The image resolution of the SPI/PV survey allows for the identification of sensitive taxa.
Sensitive seafloor habitats include corals, submerged aquatic vegetation (SAV) beds, and
valuable cobble and boulder habitat (BOEM 2019). Cobble and boulder habitat can serve as
structure for hard and soft corals, nursery ground for juvenile lobster, and as preferable benthic
habitat for squid to deposit their eggs. Taxa considered sensitive for this region include corals
(specifically northern star coral [Astrangia poculata)), seagrass beds, squid eggs, and American
lobster (Homarus americanus). At EW 1, species of ecological concern and/or concern
regarding possible habitat disturbance from offshore wind construction and operation activities
include Atlantic surfclam (Spisula solidissima), black sea bass (Centropristis striata), sea scallop
(Placopecten magellanicus), and ocean quahog (Arctica islandica) (Guida et al. 2017).
Presence/absence of each sensitive taxa or species of concern was noted for each replicate
SPl and PV image.

2.4.3.5 Non-Native Taxa

The introduction of non-native species to the water column and benthic habitat is an important
concern related to offshore development. The introduction of new structures, such as concrete

2 When the dominant gravel size was known, “Gravel” term was replaced with size-specific terms (i.e., “bouldery”,
“cobbly”), or a combination of the two with the more dominant size first (CMECS 2023). When "Pebble/Granule" is the
dominant gravel size, "/Granule" is removed for clarity.
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mattresses, to the seafloor during construction may also lead to the introduction of non-native
species. The SPI/PV survey collected baseline presence/absence and percent cover data for
marine non-native species within the surveyed area. A list of potential non-native species used
during analysis was derived from a combination of relevant resources including the
Northeastern Aquatic Nuisance Species Panel (https://www.northeastans.org/) and the National
Exotic Marine and Estuarine Species Information System database (NEMESIS) curated by the
Smithsonian Environmental Research Center.

2.5 Sediment Grab Sampling

Sediment grab samples were collected using a single 0.04-m? Young-modified van Veen grab
sampler. The navigator recorded the position electronically when the grab sampler reached the
seafloor (Appendix A). After reaching the seafloor, an additional 0.5 to 1 m of cable was laid out
to allow the grab sampler to close then the grab was returned to the surface. Once onboard,
field scientists examined the surface of the grab for acceptability, which included the following:
the sampler was not over-filled, overlying water was present and not excessively turbid, and the
penetration depth was ~7 cm. Additional information was recorded on the sediment sample log
form for each station, including time of collection, number of grab attempts, general visual
description of the sediment, penetration depth, and any odor (Appendix E). Spatial distributions
of grab sample parameters were mapped using ESRI ArcGIS 10.7. Map backgrounds use a
worldwide data layer called ESRI Oceans or ESRI Aerial Imagery (Esri, Garmin, GEBCO,
NOAA NGDC, and other contributors) to provide geospatial context.

2.5.1 Sediment Sample Collection

Once the sediment grab sampler was recovered on the vessel deck and deemed acceptable, a
subsample was collected from the homogenized grab for grain size analysis. The subsample
was placed into a Whirlpak bag and then placed into a second sealed and labeled bag. The
grain size sample was placed into a cooler at ambient temperature and stored in a shaded area.
Once homogenization was completed and a grain size subsample was collected, the remaining
sample was distributed into labeled containers no more than % full, which included two 4-ounce
(oz) glass jars for: 1) bulk organic matter; and 2) total organic carbon (TOC), total nitrogen (TN),
and total hydrogen analyses. The samples were labeled and then placed in a protective bubble
wrap bag within a plastic bag. Samples were kept in a freezer until shipping. Grain size and
organic component characterizations (bulk organic matter, TOC, total hydrogen, and TN) were
completed by specialized labs and the above specified parameters were used to complement
SPI and PV data. Sediment grain size analysis was completed by Alpha Analytical in Mansfield,
Massachusetts and organic component characterization was completed by ALS Global in Kelso,
Washington.

2.5.2 Sediment Sample Analysis Parameters

Sediment sample analysis was conducted to supplement parameters measured with SPI/PV
imagery. At select foundations, sediment grab samples were collected at near-, mid-, and far-

INSPIRE G

EMVIRONMENTAL


https://www.northeastans.org/

Empire Wind 2024 Pre-Construction Benthic Monitoring Survey Report — Federal Waters

distances from the center point of each foundation position. Due to the difference in diameter of
the OSS and wind turbine generator foundations, near-distance samples were collected 26 m
from the wind turbine generator foundation center points and 50 m from OSS foundation center
point. Mid-distance samples were 130 m and 155 m from the wind turbine generator centers
and OSS foundation center, respectively, and the far-distance sediment grab samples were
collected 900 m from the center of all selected foundation. Sediment grab sample station results
were summarized within each distance category for the wind turbine generator foundation
positions, and for the OSS foundation. Although no spatial pattern is currently anticipated, these
categories will be used for comparison post-construction.

2.5.2.1 Sediment Grain Size

Grain size analysis provided particle distributions, reported as percentages of each sample.
Gravel, sand, and fine particles were recorded with a detection limit of 0.1%. Grain size analysis
was conducted by Alpha Analytical using American Society for Testing and Materials (ASTM)
D6913/D7928 Standard Method for Particle-Size Distribution Analysis of Soils with sieve and
hydrometer analysis, with standard laboratory protocols. Results were expressed as percent
gravels (boulder, cobbles, pebbles, granule), sand (very coarse, coarse, medium, fine, very
fine), silt, and clay according to the Wentworth (1922) scale. All sediment grain size results are
provided in Appendix F.

2.5.2.2 Sediment Organic Matter Characterization

Organic matter characterization included bulk organic matter, TOC, total hydrogen, and TN
analyses. Analyses were completed by ALS Environmental, following standard laboratory
protocols (methods 160.4, 440.0, ASTM D3173, ASTM D3302-07ae1) meeting National
Environmental Laboratory Accreditation Program (NELAP) approved quality assurance. Bulk
organic matter analysis provides total moisture and total ash (measured by loss on ignition) and
calculated total organic matter (TOM) as percentage of sediment dry weight. The TOC, total
hydrogen, and TN are reported as percentages of the bulk organic matter. The reported
percentages describe how much of the organic matter was organic carbon, hydrogen, or
nitrogen. The detectable limit of each element is based on the specific laboratory methods,
listed above, for carbon and nitrogen the detection limit is 0.1%, and for hydrogen is 0.2% of the
TOM dry weight. Where necessary, half the detectable limit is used for analyses. The ratio of
TOC to TN provides a proxy for the lability of organic matter, with higher ratios indicating lower
lability and lower biological availability. All sediment bulk organic matter, TOC, total hydrogen,
and TN results are provided in Appendix F.

2.6 Data Quality Assurance and Quality Control

Quality assurance and quality control (QA/QC) measures were taken to ensure reproducible
and scientifically defensible data were generated that are sufficient in accuracy, precision,
completeness, and representativeness. Measures were taken during field data collection for
data quality assurance and control in alignment with INSPIRE’s standard operating procedure
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for sediment profile and plan view imaging sample collection (INSPIRE 2019a) and sediment
grab sample collection (INSPIRE 2019b). These included but were not limited to:

o Systems tested prior to and during survey activities to ensure calibration and operation,
e Full backup systems (including tools, parts, and electronics) were carried in the field,

o Image data collected was time stamped both digitally and in hand-written logs to ensure
proper identification and synchronization with navigational data,

¢ Image analysis parameters were thoroughly checked by senior scientists to ensure
quality and accuracy, and

¢ Replicate and blank sediment samples were processed to confirm consistency and
accuracy in the laboratory analyses.
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3.0 RESULTS

INSPIRE scientists conducted a benthic survey (SPI/PV and sediment grab sampling) at EW 1
and along the EW 1 export cable route (SPI/PV sampling). The survey was conducted 10 to 22
August 2024 onboard Northstar Marine’s R/V Atlantic Surveyor. The station locations where
SPI/PV imagery and sediment grab samples were collected are provided in Figures 2-1 and 2-2.

SPI/PV and sediment grab station coordinates, sampling date and time, and field comments are
provided in Appendix A. Complete datasets of all parameters measured from each analyzed SPI
and PV image and grab sample are presented in Appendices B, C, and F, respectively. A
summary of select physical SPI/PV data for EW 1 and EW 1 export cable route survey areas
are presented in Table 3-1 and select biological SPI/PV variable summaries are presented in
Table 3-2. Summaries of grab sample results collected at EW 1 are presented in Tables 3-3 and
3-4.

3.1 Seafloor Surrounding Proposed Foundations - EW 1

Results discussed below are provided in the context of current planned layouts at each
foundation location. The foundations selected for surveying at EW 1 were B17, C20, D03, and
D14 and OSS CO09 (Figure 2-1). Wind turbine generator foundations were selected randomly to
cover the spatial area of EW 1 (Figure 2-1). These five foundations are also being sampled
seasonally as part of the Empire Wind Baited Remote Underwater Video Survey. All five
planned foundations are located in the National Oceanic and Atmospheric Administration
(NOAA) Soft Bottom complexity category, which was defined in the benthic habitat mapping
report as Sand and Muddy Sand, Sand and Muddy Sand — Mobile, Mud and Sandy Mud, and
Mud and Sandy Mud — Mobile, while some survey stations away from the foundations occur in
the NOAA Complex category (INSPIRE 2024a).

Water depths measured during the field survey at the EW 1 stations ranged from 25.6 m,
northwest of Foundation D03 to 36.0 m east of Foundation B17. All water depths measured
during sampling are available in Appendix A.

3.1.1 Physical Characteristics

The seafloor surrounding the selected foundations across EW 1 were similar in nearly all
physical characteristics analyzed from SPI/PV and sediment grab sampling. All foundations are
located in unconsolidated (soft bottom) sediments and all stations were characterized by
CMECS Substrate Group Sand or finer (derived from PV images, Table 3-1; Appendix C). The
surface sediments surrounding the selected foundation positions at EW 1 consisted of various
sands as noted in the sediment type (derived from SPI, Table 3-1; Appendix B). Predominant
sediment type, a variable describing small-scale characteristics of the surficial sediments in SPI
included very fine sand, fine sand, fine sand over silt/clay, and medium sand (Appendix B).

Where CMECS Substrate Group was designated as Sand or finer, the CMECS Substrate
Subgroup captured a more resolved depiction of sediment characteristics and is equivalent to
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the surficial sediment type observed in SPI. All five foundation locations were dominated by Fine
Sand or Medium Sand CMECS Substrate Subgroups, with a few instances of Very Fine Sand
(Figures 3-1, 3-2, and 3-3). Fine Sand was the most common CMECS Substrate Subgroup
associated with the five proposed foundation locations (Table 3-1; Figure 3-3). However, the
stations associated with the easternmost foundation position (C20) were composed primarily of
Medium Sand (Figure 3-2). There were no apparent spatial patterns in relation to the distance
from the proposed foundation locations and the CMECS Substrate Subgroup classifications
across station transects (Figure 3-3).

Sediment grab sample grain size analysis showed no spatial trends associated with distance
from the proposed foundation locations (Table 3-3; Figure 3-4). Results from sediment grab
sample grain size analysis indicated medium sand had the highest average percent at all
stations surrounding Foundations B17, C20, and D03, and at five out of the six stations at
Foundation C09 (Table 3-3; Figure 3-4). Foundation D14 had the most variable grain size
composition across stations. The transects southwest of Foundation D14 had relatively high
portions of total fines (silt and clay), medium sand and coarse sand, and the station 26 m
northeast of Foundation D14 contained over 25% fine sand (Figure 3-4). The other notable
difference was a high proportion of total fines at the station located 155 m south of Foundation
CO09 (Figure 3-4). There were no apparent spatial patterns in relation to the distance from the
proposed foundation and the grain size composition determined from grab samples (Figure 3-4).

Gravels were infrequently observed in PV imagery at EW 1; where gravels were present, the
maximum size of the gravels was pebble/granule (Figure 3-5; Appendix C). Pebble/Granule
gravels were identified in SPI/PV imagery at only five out of the 90 stations: three stations at
Foundation D14 and two stations at Foundation C20 (Figure 3-5). The grain size analysis of
sediment grab samples showed gravel attributed very little on average to the composition of the
samples (Figure 3-4). There was no apparent pattern in gravel occurrences or gravel size
classes with respect to distance from proposed foundation (Figures 3-4 and 3-5).

Mean station SPI prism penetration depths at EW 1 were moderate (EW 1 averaged 6.5 cm,
Standard Deviation [SD] £0.7 cm) and generally consistent across SPI stations (Table 3-1;
Figure 3-6). Mean station SPI prism penetration depths at EW 1 ranged from 5.1 to 8.6 cm
(Table 3-1). When the SPI system settings are consistent across stations (same stop collar
settings and number of weights) the variation in prism penetration can indicate differences in
sediment shear strength across the survey area. For the EW 1 stations, the SPI system stop
collars were adjusted to optimize penetration, therefore relative differences in prism penetration
across EW 1 stations do not relate to differences in shear strength or load bearing capacity.

Mean station boundary roughness measured in SPI was relatively low at all foundations (EW 1
averaged 1.6 cm), except at Foundation D03 where approximately half of the stations had
moderate boundary roughness (Table 3-1; Figure 3-7). Relatively high boundary roughness is
often driven by hydrodynamic factors, resulting in bedforms such as ripples, while smaller
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boundary roughness is typically attributed to biological factors such as tubes and burrows
(Figure 3-8).

3.1.2 Biological Characteristics

The Soft Sediment Fauna CMECS Biotic Subclass occurred at all stations at EW 1 (Table 3-2;
Figure 3-9; Appendix C). Soft Sediment Fauna communities at EW 1 consisted of Podocerid
amphipods, tube-building amphipods (e.g., Ampelisca), tube-building polychaetes (e.g.,
Diopatra), burrowing polychaetes, and Cerianthids (burrowing anemones) identified by SPI and
PV (Table 3-2; Figure 3-10; Appendices B and C). Mobile and sessile soft sediment epifauna at
EW 1 consisted of sand dollars, nudibranchs, hermit crabs, cancer crabs, sponges and
hydroid/bryozoa (Figure 3-11; Appendices B and C). Two flounder were identified from PV
imagery, one at Foundation B17 and one at Foundation C20 (Table 3-2; Appendix C). It is
important to note that the survey objectives were not to document fish or other mobile pelagic
species (e.g., squid) distributions; the methodology (SPI/PV imagery) is not designed to capture
fish population data, but rather, fish observations are opportunistic in these datasets.

As expected in a benthic environment characterized predominantly by sandy substrate with
limited fines (silt/clay), measurable aRPD depths were frequently indeterminate at EW 1 (Table
3-2). At EW 1, aRPD depths were distinguishable in SPI at a total of eight stations; at these
stations, sediments were either fine sand (at seven stations) or very fine sand (at one station)
and there was no spatial pattern in the distribution of these stations (Figure 3-12; Appendix B).
Measured aRPD depths ranged from 3.5 to 7.7 cm (Table 3-2). Where more sandy sediments
were prevalent (i.e., substrates coarser than fine sand), the optical contrast between oxidized
and reduced particles was diminished. This aligns with the typical relationship between grain
size and organic content: typically, finer grained sediments have a higher inventory of organic
matter than coarser sediments. Higher organic matter in sediments allows for a more easily
discernable aRPD depth in SPI and often results in higher respiration rates (benthic oxygen
demand) and decreased oxygen penetration into the sediment.

No feeding voids were detected in EW 1 at any station. Bioturbation depth was mostly
indeterminate, but was measurable at 23 stations, the maximum depth averaging 5.0 cm (SD
+1.4 cm). Every foundation had at least one station with a measurable bioturbation depth, but
Foundation B17 had the most, with ten. There was no pattern between the presence of
measurable bioturbation or the bioturbation depth in relation to the distance from the foundation
center point.

The evidence of low organic matter content in SPl was supported by results of sediment grab
sample analyses of TOM, TOC, and TN content. In many cases TOC and in all cases TN were
below the detectable limits of the methodology; in these instances, half the detectable limit was
used as an estimate value (i.e., 0.05% dry weight). The average TOM across EW 1 samples
was 0.5% dry weight (Table 3-4). The average TOC across EW 1 was slightly greater than the
detectable limit at 0.11% dry weight (Table 3-4). No stations had TN content above the
detectable limit. The molar ratio of TOC to TN can be used to make inferences about the source
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and bioavailability (degradability) of organic matter, which can be related to benthic respiration
and aRPD depths. Spatial patterns in aRPD depths and bulk TOM, TOC, and TN are expected
to develop following project construction as organic matter supply is expected to increase in the
sediments at the base of the foundations sourced from the biological activity of the epifaunal
communities (e.g., biodeposition) growing on the foundation structures.

Successional stages ranged from Stage 1 to Stage 2 on 3 at EW 1 (Figure 3-13). Successional
stage classifications across the stations at EW 1 were typically either Stage 1->2 or Stage 2
(Table 3-2; Figures 3-14 and 3-15). The intermediate successional stage (Stage 2) is typical of
sandy offshore environments. Stage 2 tubes were frequently observed across EW 1 in SPI and
PV imagery; these tubes were generally diagnostic of tube-building polychaetes (e.g., Diopatra)
and amphipods (Ampelisca amphipod tubes) (Figures 3-13 and 3-16; Appendices B and C).
More advanced successional stages, with higher intra-station variability, were documented at
Foundation B17 compared to communities at the other foundation positions (Figure 3-15). At
Foundation B17, Stage 2->3 and Stage 3 were more frequently observed compared to other
stations, as indicated by the presence of large surficial burrows visible in PV imagery and/or the
occurrence of burrowing polychaetes in SPI (Figures 3-15 and 3-16). No feeding voids were
observed in the sediment column in SPI at any stations collected at EW 1 (Table 3-2).

There were frequent observations of surficial burrow openings, tracks and/or trails on the
sediment surface, and/or surficial tubes visible in PV imagery at EW 1 (Figure 3-16). The
stations associated with Foundation B17 had more frequent occurrences of surficial burrows
visible from PV (seven stations) as well as tubes and burrows at the sediment—water interface
visible in SPI in comparison to the other foundations, which indicated Successional Stage 2 -> 3
(Appendices B and C). There were no obvious spatial patterns associated with distribution of
tracks/trails and/or tubes in relation to the distance from the foundations (Table 3-2; Figure 3-
16).

No non-native taxa, sensitive taxa, or species of concern (sensu Guida et al. 2017) were
observed at EW 1 (Table 3-2).

3.2 Seafloor Surrounding EW 1 Export Cable Route

A total of 96 SPI/PV stations were sampled at two selected areas surrounding the planned EW
1 export cable route: the East survey area and the West survey area. At each survey area
stations were positioned with increasing distance from the planned export cable route (Figures
2-2 and 2-5). A total of 48 SPI/PV stations were sampled at each survey area, positioned along
six statistically independent transects extending perpendicularly from the proposed EW 1 export
cable route centerline. The East survey area was previously characterized by higher benthic
habitat heterogeneity (INSPIRE 2024a) and is located in an area categorized as sand with some
gravel by Greene et al 2020, compared with the West survey area; generally less
heterogeneous (INSPIRE 2024a), and characterized as sand with some mud and gravel by
Greene et al. 2020) (Figure 2-2). SPI/PV summarized station results along the EW 1 export
cable route (Tables 3-1 and 3-2) are grouped according to East and West survey areas. As this
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was a baseline survey, the distance from the EW 1 export cable route centerline was not
considered during this initial data summary, although general trends are discussed.

Water depths measured during the field survey at selected areas along the EW 1 export cable
route ranged from 24.4 m at stations located within the East survey area (Transects 09 and 11)
to 27.4 m at a station located within the West survey area (Transect 02) (Appendix A).

3.2.1 Physical Characteristics

The surficial sediments surrounding the select areas of the EW 1 export cable route consisted of
mixtures of sands and gravels as denoted by sediment type (SPI), CMECS Substrate Group
(PV), and CMECS Substrate Subgroup (SPI/PV) classifications (Table 3-1; Figures 3-17, 3-18,
and 3-19; Appendices B and C). Sediment type describes small-scale characteristics of the
sediment as measured by grain size major mode from SPI, which includes potential sediment
layering within up to 20 cm of the sediment surface; no sediment layering was noted at any of
the stations and therefore SPI sediment type was equivalent to CMECS Substrate Subgroup
when Substrate Group was Sand or finer.

At the West survey area all stations were classified by CMECS Substrate Group of Sand or
finer, and CMECS Substrate Subgroup was consistently Very Fine Sand (Table 3-1; Figures 3-
18 and 3-19). The East survey area had three SPI sediment types: very fine sand, fine sand,
and medium sand; five different CMECS Substrate Subgroups were present: Boulder, Cobbly-
Bouldery Sand, Medium Sand, Fine Sand, and Very Fine Sand (Figures 3-18 and 3-19). The
East survey area of the EW 1 export cable route had one station that varied in CMECS
Substrate Subgroup (high within-station heterogeneity) and could not be assigned to any
subgroup without compromising the subgroup definitions. The variability from this station
(shown as “Varies” on the map) is characteristic of the habitat in which the sample was taken
(Appendices B and C), occurring at the interface of two different NOAA Habitat Complexity
types (Complex and Soft Bottom) identified in the Benthic Habitat Mapping Report (INSPIRE
2024a); (Figures 2-2 and 3-18).

Where gravels were present in the PV imagery, the maximum size of the gravels was noted. In
the East survey area along the EW 1 export cable route, maximum gravels ranged from
pebble/granule to boulder (Figure 3-20; Appendix C). Gravels were not observed at any of the
stations in the West survey area.

Mean station prism penetration depths at the select areas along the EW 1 export cable route
displayed two different patterns. In the East survey area, mean penetration depth was shallower
and more variable (5.4 cm, SD +1.6 cm) (Table 3-1; Figure 3-21; Appendix B). Mean
penetration depths at the West survey area were on average deeper and the depth more
consistent (9.3 cm, SD +1.1 cm) compared to the East survey area (Table 3-1; Figure 3-21;
Appendix B). Since the weights and stop collars were consistent throughout SPI/PV collection at
the export cable route stations, variation in prism penetration across these stations can be
attributed to variation in load-bearing capacity or shear strength of the sediments. The relatively
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deep prism penetration values associated with finer sediments in the West survey area are
likely attributed to a lower load-bearing capacity of the sediments compared to the East survey
areas (Table 3-1).

Boundary roughness was generally consistent across all stations in the West survey area (0.9
cm, SD +0.2 cm) and more heterogeneous in the East survey area (1.7 cm, SD 0.5 cm) (Table
3-1). No spatial trends in relation to distance from the planned export cable centerline were
apparent in either survey area. Ripples, a bedform associated with hydrodynamics, occurred
sporadically across both survey areas with no spatial pattern, smaller boundary roughness is
associated with biological factors (Table 3-1; Figures 3-22 and 3-23).

3.2.2 Biological Characteristics

At the select survey areas along the EW 1 export cable route, the biological communities were
characterized as Soft Sediment Fauna or Attached Fauna CMECS Biotic Subclasses (Figure 3-
24). Attached Fauna was the predominant CMECS Biotic Subclass at several stations in the
East survey area of the EW 1 export cable route, although the maijority of stations were
categorized as Soft Sediment Fauna. The West survey area was comprised entirely of Soft
Sediment Fauna (Table 3-2; Figure 3-24). The composition of soft sediment communities was
consistent between the East and West survey areas. Mobile fauna present in Soft Sediment
Fauna biotic communities included fish and squid, Cancer crabs, hermit crabs, moon snails,
nudibranchs, sand dollars, shrimp, and snails (Figure 3-25A; Appendices B and C). In both
survey areas, Soft Sediment Fauna communities were also characterized by burrowing and
tube-building organisms: Diopatra polychaetes, Podocerid amphipods, tube-building amphipods
(e.g., Ampelisca), and Cerianthids (burrowing anemones) (Appendix B). Identified fauna
observed at Attached Fauna stations in the East survey area were characterized by encrusting
organisms including bryozoa/hydroids, orange sponge, and northern star coral, as well as
mobile fauna including sand dollars, hermit crabs, and snails (Table 3-2; Figure 3-25; Appendix
C).

One squid was noted and several fish were observed at stations along the export cable route in
the East survey area (Table 3-2; Appendix C). It is important to note that the survey objectives
were not to document fish distributions, and the methodology (SPI/PV imagery) is not designed
to capture fish population data, but rather fish observations are opportunistic in these data.

The aRPD depths were different between the East and West survey areas. All stations at the
West survey area had measurable aRPD depths, while only four of the 48 stations at the East
survey area had discernable aRPD depths (Table 3-2; Figure 3-26). The mean station aRPD
depths at the West survey area ranged from 2.9 to 7.3 cm, and the East survey area ranged
from 2.7 to 4.5 cm (Table 3-2). The notable absence of measurable aRPD depths at the East
survey area was likely due to shallow prism penetration depths (Table 3-1). Where prism
penetration depth was sufficient, a lack of optical contrast between oxidized and reduced
particles and/or low organic content are likely contributed to the prevalence of indeterminate
aRPD depths (Figure 3-27).
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Infaunal successional stage classifications along the EW 1 export cable route were typically
Stage 2 or Stage 2 on 3 in the West survey area and Stage 2 in the East survey area (Table 3-
2; Figures 3-28, 3-29, and 3-30). The infaunal communities at the East survey area noted as
Stage 2 intermediate communities were characterized by the presence tubes at the sediment—
water interface and amphipods without indication of deep burrowing polychaetes or feeding
voids (Figure 3-29). Stage 2->3 and Stage 2 on 3 communities were typically observed at the
West survey area, where voids and/or polychaetes were observed deep in the sediment column
indicating the presence of more advanced infaunal taxa, concurrent with Stage 2 tubes at the
sediment—water interface (Figure 3-29). The successional stage at the East survey area was
generally lower (mean successional stage rank 2.0, SD £0.3) than the West survey area (mean
successional stage rank 2.5, SD +0.4) (Table 3-2). There was no spatial pattern in either survey
area between maximum successional stage and the distance from the export cable route
centerline (Figure 3-30).

No feeding voids were detected in SPI at the East survey area, while approximately one quarter
of the stations (13 out of 48 stations) had visible voids in the West survey area (Table 3-2). The
West survey area had 48 stations with measurable maximum bioturbation depths (mean
maximum bioturbation depth was 5.4 cm SD £1.3 cm), while the East survey area had only six
stations where bioturbation was measurable (mean maximum bioturbation depth was 4.4 cm SD
11.2 cm) (Table 3-2). Bioturbation can result in deeper aRPD depths, both bioturbation and
aRPD depths are more difficult to measure where SPI prism penetration is not sufficiently deep
such as at the East survey area where the mean prism penetration depth was 5.4 cm (SD +1.6
cm) and the mean maximum bioturbation depth was 4.4 cm (SD +1.2 cm) (Tables 3-1 and 3-2)

In the PV imagery collected along the EW 1 export cable route, there were frequent
observations of surficial burrow openings, tracks and/or tubes on the sediment surface (Figure
3-31). Burrows, tracks/trails, and tubes occurred concurrently at nearly all the stations sampled
in the West survey area. In the East survey area, tracks and tubes were commonly observed
and frequently together; signs of burrows in PV imagery were not common (Figures 2-2 and 3-
31). A clear spatial pattern was observed with a higher prevalence of burrows in the West
survey area compared to the East survey area, where burrows were not typically observed. It is
possible that the distributions of these faunal features may shift following export cable
installation, which will be examined in future monitoring surveys. No spatial pattern was found
between the presence of tracks/trails, tubes, and/or burrows and the distance from the export
cable route centerline.

No non-native taxa were observed at any of the stations surveyed along the EW 1 export cable
route. A single sea scallop (species of concern) was observed in the West survey area (Figure
3-32). Northern star coral, a non-reef-building coral, (sensitive taxa) was observed at six
stations, across three transects in the East survey area (Figures 3-32 and 3-33).
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Table 3-1. Summary of Physical Parameters Obtained from SPI and PV Imagery
EW 1 EW 1 Export Cable EW 1 Export Cable
Route - West Route - East
NOAA Habitat Complexity’ Soft Bottom, Soft Bottom Soft Bottom, Complex
Complex
Station Count (n) 90 48 48
Total Number of PV Replicates 270 144 144
Total Number of SPI Replicates 270 144 144
Mean Prism Penetration Mgan (¥SD) 6.5 (x0.7) 9.3 (x1.1) 5.4 (+1.6)
Depth (cm) Min 5.1 6.2 0
Max 8.6 11.6 7.6
+
Mean Boundary Mfaan (¥SD) 1.6 (20.6) 0.9 (£0.2) 1.7 (20.5)
Roughness (cm) Min 0.7 0.5 0.8
Max 3.2 1.4 3.1

Predominant SPI Sediment Type
(# of stations)

Fine sand (72)

Very fine sand (48)

Fine sand (41)

Predominant CMECS Substrate Group?
(# of stations)

Sand or finer (90)

Sand or finer (48)

Sand or finer (45)

Predominant CMECS Substrate
Subgroup?
(# of stations)

Fine Sand (73)

Very Fine Sand (48)

Fine Sand (39)

Predominant Maximum Gravel Size
Category
(# of stations)

Pebble/Granule
()

N/A

Boulder (4)

SD=Standard Deviation
N/A=Not Applicable

1 Variable determined from Benthic Habitat Mapping (INSPIRE 2024b).
2 Variable determined from combined SPI/PV analysis.
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Table 3-2. Summary of Biological Parameters Obtained from SPI and PV Imagery
EW 1 EW 1 Export Cable | EW 1 Export Cable
Route - West Route - East
NOAA Habitat Complexity’ Soft Bottom, Soft Bottom Soft Bottom,
Complex Complex
Station Count (n) 90 48 48
Total Number of PV Replicates 270 144 144
Total Number of SPI Replicates 270 144 144
# of stations 8 48 4
Mean aRPD Mean (¥SD) 5.2 (+1.3) 4.8 (1.0) 3.4 (x0.9)
Depth (cm) Min 3.5 2.9 2.7
Max 7.7 7.3 4.5
M Maxi # of stations 23 48 6
ean Maximum  “yean (£SD) 5.0 (1.4) 5.4 (+1.3) 4.4 (x1.2)
Bioturbation -
Depth (cm) Min 24 3.2 2.8
Max 7.7 8.3 5.7
M # of stations 61 48 37
ean Mean (+SD) 2.0 (x0.4) 2.5 (£0.4) 2.0 (x0.3)
Successional -
Stage Rank’ Min 1 2 1
Max 3 3 25
Predominant CMECS Biotic Subclass Soft Sediment Fauna Soft Sediment Soft Sediment
(# of stations) (90) Fauna (48) Fauna (45)
o,
Predominant Maximum Attached Dense (70 to <90%)
(2), Moderate (30 to
Fauna Percent Cover None None <70%) (2), Sparse (1
(# of stations) °) (<), 5P
to <30%) (2)
Sediment Oxygen Demand Present Low (82), Medium (7), Medium (48) Low (43), Medium
(# of stations) Varies (1) (3)
Feeding Void Presence (# of stations) 0 13 0
Sensitive Taxa Present? (# of stations) None None Northern(68)tar Coral
Species of Concern Present?
(# of stations) None Sea Scallop (1) None
Non-Native Taxa Present?
. None None None
(# of stations)
Anemones,
Barnacles,
Bryozoa/Hydroids, Bryozoa/Hydroids,

Sessile Epifauna Present?
(# of stations)

Encrusting Orange
Sponge, Hydroids,

Serpulid, Tunicates

Northern Star Coral,
Encrusting Orange

Sponges,
Sponges Polymastia
Sponges, Yellow
Sponge
Fish and Squid Present? Flounder Unidentified Fish Flounder, Squid,

Unidentified Fish

SD=Standard Deviation
IND=Indeterminate

1 Variable determined from Benthic Habitat Mapping (INSPIRE 2024b).

2 Variable determined from combined SPI/PV analysis.
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Table 3-3. Summary of Grab Sample Grain Size Analysis Results
0, 0,
Distance to o % (?o\::ga % goarse % I\Slledium ‘V; Fine A:F\ilneery % _Total
Foundation +raSvDeI Sand +asng +asng f;g Sand Tg?
( SD) (£ SD) ( SD) (x SD) (+ SD) (£ SD) (+ SD)
Wind 26 m 1.8 (+1.6) | 2.8 (+3.0) | 19.8 (+8.0) | 55.0 (+9.5) | 16.3 (¥9.7) | 1.3 (+1.3) | 3.3 (¢7.2)
Turbine 130 m 3.0 (24.0) | 3.3 (22.9) | 25.3(29.7) | 52.4 (213.8) | 10.1 (¢3.2) | 0.8 (20.7) | 5.3 (¢8.1)
Generator 0 (+4. 3 (£2. 3 (9. 4 (+13. 1 (3. .8 (0. .3 (8.
n=8
(n=8) 900 m' 3.1 (+4.0) | 4.3 (+2.4) | 26.8 (+7.8) | 53.2 (+11.0) | 9.7 (+3.7) | 0.7 (+0.9) | 2.3 (+4.7)
50 m' 2.0 (+1.4) | 2.8 (+1.8) | 26.8(+1.8) | 57.0 (+4.2) | 10.5(x0.7) | 0.5(x0.7) | 0.5 (+0.7)
Offshore
Substation 155 m 0.5 (0.7) | 1.5 (x0.7) | 16.5 (¥13.4) | 45.5 (¥20.5) | 9.0 (+1.4) | 0.5 (+0.7) | 26.5 (+36.1)
(n=2)
900 m 2.5(+0.7) | 3.0 (+2.8) | 26.5(+6.4) | 58.0 (+4.2) | 8.5(+3.5) | 1.0 (x1.4) | 0.5(x0.7)

SD=Standard Deviation
1 Field replicates averaged

Table 3-4. Summary of Sediment Organic Chemistry Components
Distance to Total Organic Matter (%) Total Organic Carbon (%)?
Foundation (X SD) (x SD)
26 m 0.47 (x0.07) 0.15 (£0.04)
Wind T”"zri‘r:;;;e"e’am’ 130 m 0.48 (+0.09) 0.12 (£0.02)
900 m' 0.49 (0.18) 0.09 (+0.02)
50 m' 0.63 (x0.11) 0.09 (£0.04)
Offshore Substation (n=2) 155 m 0.49 (+0.13) 0.05 (+0.00)
900 m 0.67 (+0.01) 0.05 (+0.00)
:'::;SA’“ EW 1 Average 0.50 (£0.13) 0.11 (£0.07)

SD=Standard Deviation
1 Field replicates averaged

2 Limit of Reporting 0.1, <0.1 reported as 1/2 Limit of Reporting.
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4.0 SUMMARY AND CONCLUSIONS

INSPIRE conducted an offshore benthic survey at EW 1 and along the proposed EW 1 export
cable route in fulfillment of the pre-construction benthic monitoring requirements. This baseline
benthic survey is the first of several surveying events that will monitor for changes to the benthic
habitat in relation to the construction and operation of the Empire Wind Project. As described in
detail in the Empire Wind FBMP, the benthic monitoring program employs SPI/PV imagery and
sediment grab collection over a BAG survey design (INSPIRE 2023). This benthic component of
the monitoring plan was designed to track changes over time in the benthic function of the
seafloor surrounding the offshore substation and wind turbine generator foundations in the lease
area and adjacent to the planned EW 1 export cable route. The survey design was framed
around the hypothesis that effects associated with the project construction and operation will be
most pronounced near the installed structures, and decrease with distance from the assets (i.e.,
lease area foundations and EW 1 export cable). Along the export cable route, these effects are
expected to vary based on the surrounding native benthic habitat type and the BAG design was
stratified by habitat.

The survey was conducted 10-22 August 2024 onboard the R/V Atlantic Surveyor. A total of 90
SPI/PV stations, 30 of which included sediment grab collection, were sampled at EW 1,
associated with each of five selected foundations (one OSS and four wind turbine generator
foundations), and positioned with increasing distance from the planned foundation locations. A
total of 96 SPI/PV stations were sampled at selected areas along the EW 1 export cable route,
associated with different levels of habitat heterogeneity, and positioned along transects on
either side with increasing distance from the planned export cable centerline.

In general, there were no apparent spatial patterns observed for any of the physical or benthic
variables in relation to the distance from the proposed foundation locations or the EW 1 export
cable route centerline. Spatial patterns in variables such as prism penetration depth, CMECS
Substrate Subgroup, CMECS Biotic Subclass, aRPD depths, successional stage, and sediment
type are expected to develop following construction. It is expected that organic matter supply
will increase in the sediments directly adjacent to the base of the foundations, as the newly
established epifaunal communities that are expected to proliferate on the structures will provide
a new supply of organic matter to the seafloor. The Empire Wind FBMP includes additional
monitoring of epifaunal growth on the foundation structures and scour protection layers using
imagery collected using a remotely operated vehicle (INSPIRE 2023). These data will be used
in combination with the SPI/PV and sediment grab data collected in the adjacent sediments to
provide an understanding of the contribution of organic matter to the seafloor by the newly
developed epifaunal communities on the offshore wind assets.

Future benthic monitoring at EW 1 will employ the same survey design (BAG design), sampling
approach and analyses (SPI/PV imagery and sediment grab samples), planned to occur shortly
following construction (Y0), 1-year (Y1), 2-years (Y2), 3-years (Y3), and 5-years (Y5) post
construction in addition to the monitoring of the epifaunal growth on the foundation structures
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and scour protection layers mentioned above. Along the two selected regions of the EW 1
export cable route, future monitoring surveys will employ the same survey design (stratified
BAG design), sampling approach and analysis (SPI/PV imagery) and will occur within the first
year post-installation, one year post-installation, and two years following cable installation. If
results collected along the EW 1 export cable route show that benthic function is
indistinguishable from baseline and there is no difference with relation to distance from the
cable, no further monitoring will be required.
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