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INTEGRATED SITE CHARACTERIZATION REPORT

Fugro USA Marine, Inc.
101 West Main Street, Suite 350
Report No.: 02.1803-1431-02 Norfolk, VA

Date: 8 September 2021

South Fork Wind, LLC
56 Exchange Terrace Suite 300
Providence, Rhode Island 02903

Attention: Jesse Baldwin, Head of US Site Investigation

Integrated Geotechnical and Geophysical
Site Characterization Report
South Fork Wind Farm and Export Cable
South Fork COP Survey
Offshore NY/RI/MA, Atlantic OCS

Fugro USA Marine, Inc. (Fugro) is pleased to present this Integrated Site Characterization Report for the proposed
South Fork Wind Farm (SFWF) and South Fork Export Cable (SFEC) Project. The proposed SFWF is planned to be
in Rhode Island Sound on the federally-administered Atlantic Outer Continental Shelf (OCS) and is being developed
by South Fork Wind, LLC (SFW) within OCS Lease A-0517. The U.S. Department of Interior's Bureau of Ocean
Energy Management (BOEM) provides regulatory oversight for renewable energy developments on the OCS. The
SFWEF is an offshore wind farm that will export power to Long Island, New York using the SFEC.

Fugro’s site characterization is based on the results of an integrated program of high resolution geophysical (HRG)
surveys, shallow geotechnical ground investigations (Fugro G&G Program), as well as deep geotechnical borings
performed by GZA in 2018. The G&G program was conducted in two separate phases. The first phase (Phase 1) of
the integrated G&G Program was conducted from July through December 2017 and included the collection of
approximately 4,500 line-kilometers (km) of HRG survey data; recovery of soil cores to depths of about 6 meters at
21 locations and to depths of about 3 meters at 31 locations using a vibracoring system in the SFWF and SFEC
corridor, respectively; advancement of seabed cone penetration test (CPT) soundings at 35 locations to as deep as
7 meters deep at 11 meters deep in the SFWF and SFEC corridor, respectively. Additionally, grab samples at 19
locations and sediment profile imagery/plan view imagery at 571 locations were collected to characterize the seafloor
conditions in the SFWF and SFEC corridor.

The second phase (Phase 2) of Fugro’s integrated G&G program was conducted from October 30, 2018 to March of
2019 and included the collection of an additional 1,860 like kilometers (km) of HRG survey data as well as additional
vibracores to 6-meters depth and CPT soundings at 9 locations within the proposed wind farm area. After the
completion of the Phase 1 site investigation, the Maximum Work Area (MWA) of the SFWF was expanded to the east.
This report includes the interpreted geophysical and geotechnical results from Phases 1 and 2 and also integrates
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geotechnical information from 5 deep boreholes that were drilled, sampled and tested by GZA GeoEnvironmental
(GZA).

The SFWF and SFEC G&G program data have been interpreted to define the site, seafloor, and subsurface conditions
that will affect the design, installation, and performance of the structures to be installed for the SFWF and SFEC
project. The program was formulated (and approved by BOEM) in recognition of the foundation design and installation
requirements, and other potential ancillary uses of the data.

The G&G program and information presented herein, are developed to support the preparation of a Construction and
Operations Plan (COP) pursuant to Title 30 of the Code of Federal Regulations Part 585 (CFR 585). The referenced
G&G program, data evaluation, and reporting were conducted in general accordance with:

m  Guidelines for Providing Geophysical, Geotechnical, and Geohazard Information Pursuant to 30 CFR
Part 585, prepared by the Bureau of Ocean Energy Management (BOEM) July 2015.

m  Guidelines for Providing Archaeological and Historic Property Information Pursuant to 30 CFR Part 585,
prepared by BOEM July 2015 and March 2017.

m  Guidelines for Providing Benthic Habitat Survey Information for Renewable Energy Development on the
Atlantic Outer Continental Shelf prepared by BOEM November 2013.

m  Guidelines for Information Requirements for a Renewable Energy Construction and Operations Plan
(COP), Version 3.0, prepared by BOEM April 2016.

Fugro’s services provided as described in this report were authorized by Task Order No. 2 (for phase one of the work)
dated July 17, 2017 issued under the Services Agreement dated February 27, 2017. The second phase of work
completed in late 2018 and early 2019 was authorized by Task Order No. 4, signed and dated on August 7, 2018.
We appreciate the opportunity to be of service to you on this project. Please do not hesitate to contact us if you have
any questions or if we can be of further assistance.

Regards,
FUGRO USA MARINE, INC.

T iy

Will Cupples, P.G. Manuel De Gracia, MSc
Project Geoscientist Project Engineer

A A
Kevin Smith, P.G. Proserpine Peralta, PhD
Deputy Geoscience Manager Deputy Engineering Manager

Distribution: One Final Digital (PDF) File
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EXECUTIVE SUMMARY
Purpose and Scope

The purpose of this report is to characterize geological conditions and geotechnical characteristics of the seafloor and
subsurface of the proposed South Fork Wind Farm (SFWF) and South Fork Export Cable (SFEC) areas based on
the integration of the two phases of the geophysical and geotechnical (G&G) programs conducted in 2017 and 2018-
2019. The proposed SFWF is located approximately 31 kilometers (km) southeast of Block Island, Rhode Island in
Rhode Island Sound on the Atlantic Outer Continental Shelf (OCS). The SFWF will include up to 15 wind turbine
generators (WTG), an offshore substation (OSS), and an inter-array cable network. The preferred foundation concept
being considered for the WTGs is monopiles and the depth of interest incorporated in this study for WTG foundations
is 50 meters below seabed.

The area surveyed for the SFWF is approximately 12-km by 7-km in size, comprises approximately 7,600 hectares,
and covers portions of OCS Blocks 6965, 6966, 6967, 6968, 7015, 7016, 7017, and 7018 in the Providence (NK19-
07) protraction area. The area surveyed encompasses the Maximum Work Area which represents the area where
seafloor disturbance may occur as a result of construction and installation of the wind farm.

The SFEC is planned to connect from an OSS in the SFWF to the preferred landfall on Long Island near Beach Lane,
or the alternate landfall location at Hither Hills, Long Island. Currently the cable is planned to be installed to a nominal
depth of up to 2 meters below the seafloor using a trenching method. Cable installation at the shore crossing is
anticipated to use a horizontally directional drilled (HDD) method to install the cable from a land-side entry point, pass
beneath the shoreline and surf zone, and exit at the seafloor where the water depth is approximately 10 meters.

The SFEC corridor located on the OCS (outside of the 3-nautical mile limit) will be within OCS blocks, listed from east
to west:

m 7013 to 7015, 7056 to 7063, and 7101 to 7106 of Providence protraction area (NK19-07)

m 6002 and 6003 of Block Island protraction area (NK19-10)

m 6031 to 6033 and 6080 to 6081 of New York protraction area (NK18-12)

This assessment is based on the integration of interpretations of conventionally acquired geophysical data including:
Magnetometer (MAG) (Gradiometer (GRAD) for Phase 2 work), Multichannel and Single channel Medium Penetration
Seismic (MPS - Sparker), Multibeam Echo Sounder (MBES) bathymetry and backscatter, Side Scan Sonar (SSS),
Sub-Bottom Profiler (SBP) data, and geotechnical data including: vibracoring, grab sampling, and shallow seabed
cone penetration testing. This report complies with the latest guidelines formulated by the BOEM for offshore wind
development and also provides important information for archaeological resource interpretation and other purposes
(BOEM 2013, 2015, and 2017).

Water Depth and Seafloor Morphology

The SFWF survey area is located near Cox Ledge, along the Ronkonkoma moraine, approximately 31 km southeast
of Block Island. Surveyed seafloor elevations in the SFWF range from approximately elevation (El.) -27 to -45 meters
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MLLW. The deepest region is located in the north-central area of the SFWF survey area, where a northwest-southeast
trough in the bathymetry that represents the location of a paleo-drainage extends through the SFWF. Across the
center portion of the survey area displays an undulating seafloor with local relief of about 0.5 meter. The local relief
generally corresponds to the presence of megaripple bedforms up to about 0.5 tall (peak-to-trough).

The SFEC extends from the proposed OSS within the SFWF to the southwest to the preferred landfall on Long Island
near Beach Lane. The surveyed seafloor elevation in the SFEC corridor ranges from approximately El. -2 meters
MLLW near the south shore of Long Island, New York, to El. -50 meters MLLW within the northwest portion of Block
7062, Providence Area.

Seafloor slopes generally vary from less than 1 degree to 3 degrees. A small area was identified in the north-central
area of the SFWF where the seafloor slope is approximately 5 degrees. This area is associated with the northeastern
flank of the paleo-drainage where boulders are also present on the seafloor. Areas with seafloor slopes greater than
10 degrees generally occur along the margins of sand waves and can exceed 30 degrees along the flanks of seafloor
boulders.

Seafloor Conditions

The SFWF and portions of the SFEC route are located on a terminal glacial moraine in a high boulder hazard area.
Seafloor and shallowly buried boulders with seafloor expression are observed in varying concentrations of the SFWF
area and between KP-0 to KP-13 and KP-47 to KP-58 of the SFEC route.

Boulders range in size and are generally 1 to 8 meters but can be over 10 meters in diameter. Areas devoid of
boulders or widely scattered boulders were identified in the SFWF area and may represent viable locations for inter-
array cables and wind turbine foundations. The SFEC corridor from the OSS to approximately 10 km from the SFWF
area is located on a moraine and moraine flank where boulders are present.

Seafloor bedforms in the SFWF area were identified are either megaripples up 0.5-meter tall (peak-to-trough) or
ripples (less than 10 cm tall and between 0.1 to 0.3-meter tall). Using the bathymetry data collected in 2017, 2018
and 2020 in the wind farm, a bedform mobility analysis was performed. One-hundred eighty-nine (189) representative
bedforms were evaluated in this SFWF area. Ripple-scale bedforms with typical heights of 0.1 to 0.3 meters were
observed to exhibit the most change. The average rate of movement between 2017 and 2020 for 81 features
evaluated is 0.9 m/yr (one standard deviation is 0.3 m/yr) and is in the north to northwest direction. The ripple features
are observed to be localized within the study area. The megaripple and sand accumulation area features are
interpreted to be either stable or exhibiting minor re-shaping.

Areas with ripples and megaripple bedforms were identified along the SFEC route. Bedform net migration direction
and rates were estimated by comparing 2017 data and available 2020 data. Approximately 486 bedforms were
evaluated and predominantly range in size from approximately 0.2 to 0.7 meters tall (ripple to megaripple size). The
surveys were conducted approximately 2.8 years apart (based on the mid-date of each survey). 360 features were
interpreted to exhibit movement. Average rates of movement were interpreted to be approximately 1.1 m/yr and
ranged from approximately 0.1 to 4.6 m/yr. Migration rates were generally faster for shallower water depths. 124
additional features evaluated did not exhibit any discernable movement (they are either stable or exhibit very low
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rates of movement). Net migration direction is predominantly in the northwest direction for the offshore area east of
Long Island and in a west-northwest direction (shore-parallel) for the area offshore of Long Island. Inshore of the 11-
meter water depth contour, seafloor elevation changes +/-0.5 meter were variable and likely a result of complex wave,
alongshore current, storm and seasonal variations in oceanographic processes. The cable corridor avoids traversing
steep slopes and areas anticipated to be subjected to exceedingly strong bottom currents (e.g. tidal inlets or
constricted area between Block Island and the eastern tip of Long Island).

Anthropogenic Features

Fifty-nine (59) side scan sonar contacts were noted within the SFWF MWA. Four of the sonar contacts (No. 28, 30,
32, and 112) may represent possible shipwrecks. One other sonar contact, No. 218, is a potential shipwreck, but is
outside the maximum work area. A total of 3,964 magnetic anomalies were detected within the SFWF MWA. We
note that a majority of the anomalies appear to be associated with inferred geologic features, surface boulders, or
trends. No cables were identified in the SFWF MWA.

Eleven side scan sonar contacts were mapped from within the SFEC corridor. Of those eleven, none were noted
within ten meters of the proposed SFEC route center line. Within the SFEC corridor, 1,203 magnetic anomalies were
interpreted from the magnetometer data along the cable route. Fifty-three of the unidentified anomalies were noted
within ten meters of the proposed SFEC route center line. Seven cables (reportedly only 3 are active) were identified
to cross the SFEC corridor.

Subsurface Conditions

Stratigraphy across the SFWF and SFEC areas includes recent marine deposits, Holocene and Pleistocene channels,
glacial moraine and/or outwash deposits, and Coastal Plain Deposits. The marine deposits are comprised
predominantly of fine to medium-grained sand of varying angularity. A thin veneer of marine sediments overlay
moraine deposits within the SFWF and eastern portion of the SFEC corridor. Within the SFWF, Pleistocene age
moraine deposits (boulder-rich) are exposed on the seafloor or are intermixed with the thin layer of marine deposits.

Transgressive Deposits underlie the marine deposits and were deposited as sea level rose and initially submerged
the site. They are inferred to have deposited in fluvial-estuarine systems that developed as incised valleys and
drainages transitioned to a calmer deeper-water environment as sea level rose. Transgressive deposits are
comprised predominantly of sandy sediments or fine-grained deposits. Transgressive deposits and the overlying
marine deposits represent the interpreted Holocene sediments across the study area. In the SFWF area the
interpreted thickness of the Holocene age deposits outside of the paleochannel bodies is typically less than 2 meters
thick and within the paleochannel bodies are interpreted to be about 2 to 28 meters thick. The elevation of the
Holocene-Pleistocene (H-P) boundary ranges from El. -30 meters to lower than El. -60 meters. Along the SFEC
proposed route the elevation of the H-P boundary ranges from El. -16 meters to lower than El. -57 meters. Holocene
age sediments range in thickness from approximately less than 2 meters to greater than 12 meters along the SFEC
route. Pleistocene age channel deposits can be present underneath the pre-transgressive and transgressive
sediments consisting of dense to very dense sands deposited by internal melting of overlying glaciers. Channel infill
includes glacial erratics (boulders) as well as cobbles and gravel mixed with coarse-grained sands.
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Glacial Deposits are interpreted to be present throughout the entire SFWF and SFEC areas. Within the SFWF and
eastern 10 km of the SFEC, the glacial deposits are inferred to be moraine or moraine flank deposits and contain
abundant sand, gravel, cobbles, and boulders. Bouldery moraine deposits are exposed at the seafloor or intermixed
with the thin veneer of marine deposits over approximately 38 percent of the SFWF area. Moraine deposits are
typically about 20 to 30 meters thick but can be up to about 95 meters thick within the deeper paleo-channel area of
the SFWF where deformation and folding has increased the thickness of this unit. The SFEC survey corridor was
widening along the eastern 10 km of the route to provide space to route through bouldery areas. West of the 10 km
section, the glacial deposits are inferred to be predominantly sandy outwash deposits. South of Montauk Point, the
SFEC route deviated around a patch of bouldery deposits.

Coastal Plain Deposits (CPD) are interpreted to underlie the SFWF and SFEC areas and are inferred to consist of
unconsolidated to semi-consolidated sand, gravel, silt, and clay. All deep geotechnical borings by GZA (2018) and
one of Fugro’s 2019 seabed CPTs are interpreted to have encountered the Coastal Plain Deposits. In the majority of
the SFWF, the top of the CPD is approximately 25 to 30 meters below the seafloor, however, within the deep
deformation zone the top of the CPD is up to 90 to 100 meters below the seafloor.

Subsurface Material Properties

A ground model was developed for the SFEC and SFWF areas. Soil province zones are developed to define
generalized boundaries for areas with similar geologic and subsurface conditions. Principle stratigraphic units have
been defined throughout the SFEC and SFWF areas. The principle stratigraphic units include, in descending
sequence:

Marine Deposits (Qm) — Recent sandy deposits that are fine to medium grained and have a fines content of about 5
to 45 percent. The marine deposits comprise much of the surficial materials in the study area and are typically about
0.3 to 2 meters thick and are absent in some areas.

Transgressive Deposits (Qfe) - is present beneath much of the Marine Deposits. Transgressive Deposits interpreted
to be associated with fluvial-estuarine environments are comprised predominantly of channel infill sequences and
reworked glacial deposits. Channel infill sequences have been mapped as either predominantly coarser-grained or
fine-grained/interbedded. This unit is interpreted to comprise many of the Generation 2 channel bodies. This unit
ranges from about 2 to 15 meters thick. Coarse-grained deposits are typically medium dense to very dense. Fine-
grained deposits are very soft to firm.

Glacial Outwash/Channel Infill Sequence (Qdo2) — outwash channel infill deposits are interpreted to be Pleistocene
age, comprise discrete channel infill bodies and represent most Generation 1 channels (positioned below Generation
2 channels). This unit in the SFWF area is interpreted to be related to tunnel valley channel sequences that formed
as meltwater flowed beneath glaciers. Materials are predominantly coarse-grained deposits and have very low fines
content. Units may contain gravel and cobbles/boulders in places (particularly in the SFWF area). Thickness of this
unit is interpreted to be between approximately 2 to 15 meters.
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Glacial Moraine Deposits (Qdm) — were identified within the South Fork Wind Farm and surrounding areas.
Observations from geophysical and geotechnical data suggest that boulders, cobbles, and dense sands are abundant
on the surface and within the subsurface in some areas.

Glacial Outwash Deposits (Qdo1)— were identified across much of the area and are comprised of dense to very dense
sand deposits. The outwash channel system likely represented a braided plain system that formed south of the glacial
moraine and as glaciers retreated northward as they melted. The samples collected and tested exhibit an
exceptionally low fines content (<10% and many samples were <5%). Effective friction angles are very high (above
40 degrees) and likely attributed to angularity, sorting and dense nature of the deposits that is characteristic of
proximity to the ice contact area.

Coastal Plain Deposits — are interpreted to have been encountered in GZA’s deep geotechnical borings and one of
Fugro’s seabed 2019 CPTs. Laboratory test results from samples collected from geotechnical borings indicate the
CPD is comprised of dense to very dense coarse-grained deposits and stiff to hard fine-grained deposits.

SFWF - Boulders

Boulders were identified and mapped in the SFWF area. Corridors were identified where surface boulders appear to
be infrequent to absent. Those zones correlate to buried paleochannel systems. The boulders are inferred to be
related to a terminal moraine deposit which has been mapped across the footprint of the SFWF site. Seismic data
were used to interpret the thickness of the moraine unit. The moraine unit is interpreted to be about 20 to 30 meters
thick and up to about 90 to 100 meters thick in the deeper paleo-channel of the SFWF where folding has increased
the thickness of this unit. This report presents the interpreted top and bottom elevation of the boulder unit and the
inferred thickness based on the seismic data. Buried boulders present a significant potential hazard to piled
foundations at this site.

Stratigraphic Units and Parameters

Stratigraphic units present across the study areas were interpreted based on our understanding of the regional
geological processes and seismic-stratigraphy. Geotechnical parameters were estimated for each unit and are
presented in this report.

Only a limited number of soil laboratory testing has been performed. In the absence of more site-specific measured
data, some of the geotechnical parameters presented in this report are based on empirical correlations and
extrapolation of existing geotechnical data. A number of the correlations are based on datasets from other areas,
therefore these correlations may not necessarily be appropriate for the study area and should be calibrated to a site-
specific in situ and laboratory testing program.

Tables S.1, S.2, and S.3 present a summary and description of the stratigraphic units inferred to be present across
the different Soil Zones within the SFWF study area.
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Table S.1: SFWF Zone A Stratigraphic Units

. . . . . Range of Unit
Unit Stratigraphic Unit Inferred Material Thickness (m)
1 Recent Marine Sands (Qm) Fine sH:y sand with shell 0-2
ragments
Glacial Moraine Deposits Abundant boulders within a
2 P dense sand layer, with silt 12-15
(Qdm)
and clay
3 Glacial Outwash/Moraine Poorly-graded sand with silt 12-15
Deposits (Qdo+) and gravel/cobbles
4 Coastal Plain Deposits (CPD) | D®"S® Saé’lg;’ss"ts’ and 60-150
Table S.2: SFWF Zone B Stratigraphic Units
. . . . . Range of Unit
Unit Stratigraphic Unit Inferred Material Thickness (m)
1 Recent Marine Sands (Qm) Fine silty sand with shell 0-2
fragments
2 Holocene Channels (Qfec) Sand and gravel 6-15
Pleistocene Channels .
3 (Qdoz6/Qdoz) Sand, gravel, clay, and silt 4-8
4 Glacial Moraine Deposits Sand, gravel, and boulders 10-12
(Qdm)
5 Glacial Outwash/Moraine Sand, gravel, and some 40-80
Deposits (Qdo1) thick layers of clay
6 Coastal Plain Deposits (CPD) |  D8"Se sands, silts, and 60-150
clays
Table S.3: SFWF Zone C Stratigraphic Units
. . . . . Range of Unit
Unit Stratigraphic Unit Inferred Material Thickness (m)
1 Recent Marine Sands (Qm) Fine sH:y sand with shell 0-2
ragments
2 Holocene Channeling (Qfec) Sand and gravel 5-15
3 Pleistocene Channels Sand, gravel, clay, and 5-10
(Qdozc/Qdozr) organic clays
Glacial Moraine Deposits Abundant Boulders within a
4 P dense sand, with silt and 0-5
(Qdm)
clay
5 Glacial Outwash/Moraine Poorly-graded sand with silt 5-10
Deposits (Qdo+) and gravel/cobbles
6 Coastal Plain Deposits (CPD) | De"S® Saé’lg;’ss"ts’ and 60-150

Fugro Report No. 02.1803-1431-02
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Monopile Foundation Feasibility

Based on the information reviewed in this study, monopiles may be used within the SFWF study area. The water
depths across all 3 zones range from 27 m to 44 m and are considered favorable to monopiles. The glacial moraine
deposits Qdm consisting of sand, gravel and numerous boulders present the greatest risk to the installation of the
monopiles. Within Zone A, the glacial moraine deposits are interpreted to be approximately 12 to 15 meters thick and
can be found close to or at the seabed surface. The glacial moraine deposits within Zone A correspond to the high
density of observed seafloor boulders and will likely present a hazard and impediment to monopile installation. Zone
B is characterized by a thin layer of marine deposits underlain by channel infill sequences and a very thick (up to
90 m thick) glacial deposit Qdo comprised predominantly of dense sand and gravel with appreciable layers of clay
and/silt in some areas. The upper channel infill will provide a high stiffness response at the pile head, although scour
protection will likely be required to prevent erosion of the upper sand layer. The underlying dense glacial deposits
with interbedded sand and clay layers will increasingly dominate the monopile behavior. Zone C is characterized by
a thin layer of marine deposits overlying channel fill, glacial moraine and outwash deposits (Qdm and Qdo), and CPD.
The CPD unit comprising of dense to very dense sands, silts and clays are inferred to be present at around 25 to 35
m BSF. A monopile foundation within Zone C will therefore likely tip into the CPD. The CPD unit is expected to provide
sufficient base shear resistance for the monopile.

Cable Burial Feasibility

The available geophysical and geotechnical data were reviewed to assess the feasibility of achieving nominally 1.5
to 2-meter burial (or lowering) depth. Geotechnical data were assessed to infer density/strength of the sediments
and particle sizes as categorized in Section 5. Seismic data were used to interpolate ground conditions in between
geotechnical exploration locations. Figure 8-1 presents the burial feasibility assessment for the SFEC corridor.

Jet-trenching techniques appear to be feasible over much of the SFEC corridor. However, approximately 10-km of
the corridor adjacent to the SFWF area appears to have shallow, hard ground conditions that will be difficult for jet-
trenching. This zone has patchy to thin Marine Deposits typically less than 2 meters thick that are underlain by very
dense glacial deposits. Numerous boulders are present in the area and will require cable installation equipment to
maneuver around them or have boulders relocated.

Inter-array cables are anticipated to encountered difficult ground conditions where moraine deposits are exposed at
the seafloor or shallowly buried. Buried boulders may also be present the SFWF area; however, they are anticipated
to be more infrequent in the paleochannel zones.

Mechanical cutters may are also considered to be capable of achieving the target burial depth. Conventional
mechanical plows are anticipated to have difficulty in achieving target burial depth along large portions of the SFEC

and inter-array cable area.

An area located south of Montauk Point where the cable route avoids an outcrop of boulders may have also have
shallow dense sediments or possible buried boulders.
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Cable installation planning should also be aware of the soft, clay-filled channels. Geotechnical data indicate that the
infill materials may be softer than 25 kPa and cable installation equipment should evaluate stability of the equipment
in those zones.
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INTRODUCTION

Purpose and Scope

South Fork Wind, LLC (SFW) is proposing to develop the South Fork Wind Farm (SFWF) project, an offshore
wind energy project within the Commercial Lease of Submerged Lands for Renewable Energy Development
on the Outer Continental Shelf (OCS-A 0517) (the Lease) interconnecting with the Long Island Power
Authority transmission system on Long Island, New York. The project includes plans for installing the South
Fork Export Cable (SFEC) that will be used to export power from the wind farm to New York.

From July to December 2017 Fugro conducted Phase 1 of the geophysical and geotechnical (G&G)
program. Phase 1 of the G&G program is comprised of a high resolution geophysical (HRG) survey and
shallow geotechnical ground investigation.

Phase 2 of the G&G program is comprised of a geophysical survey, shallow geotechnical exploration, and
deep (wind turbine foundation depth) geotechnical exploration investigation in SFWF. The Phase 2
geophysical survey was conducted by Fugro from October to December 2018 and was comprised of
collecting 1,860 line-kilometers of HRG survey data in the eastern portion of the SFWF. A shallow
geotechnical investigation comprised of seabed cone penetration test (CPT) soundings and vibracore
sampling was conducted by Fugro in January and February 2019 in in the SFEC and SFWF areas. Five
deep geotechnical borings were conducted by GZA GeoEnvironmental, Inc. (GZA) during the summer of
2018 in the SFWF area.

The geophysical and geotechnical data collected from 2017 to 2019 during the two phases of site
investigations have been integrated and interpreted to characterize the site, seafloor, and subsurface
conditions that will affect the design, installation, and performance of the structures to be installed for the
project. This report summarizes the characterization of the SFWF and SFEC site conditions and ground
model developed based on both phases of the G&G program. Since the preferred wind turbine foundation
type is a monopile, the ground model has been developed for the upper 50 meters of the SFWF.

The survey and information presented herein, are developed to support the preparation of a Construction
and Operations Plan (COP) pursuant to Title 30 of the Code of Federal Regulations Part 585 (CFR 585).
The referenced geophysical survey, data evaluation, and reporting were conducted in general accordance
with:

m  Guidelines for Providing Geophysical, Geotechnical, and Geohazard Information Pursuant to 30 CFR
Part 585, prepared by the Bureau of Ocean Energy Management (BOEM) July 2015.

m  Guidelines for Providing Archaeological and Historic Property Information Pursuant to 30 CFR Part 585,
prepared by BOEM July 2015 and March 2017.

m  Guidelines for Information Requirements for a Renewable Energy Construction and Operations Plan
(COP), Version 3.0, prepared by BOEM April 2016.
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Proposed South Fork Wind Farm

The proposed SFWEF is located approximately 31 kilometers (km) southeast of Block Island, Rhode Island
in Rhode Island Sound on the Atlantic Outer Continental Shelf (OCS). Currently the SFWF will include up
to 15 wind turbine generators (WTG), an offshore substation (OSS), and an inter-array cable network. The
preferred wind turbine foundation concept is a monopile.

The area surveyed for the SFWF is approximately 12-km by 7-km in size, comprises approximately 7,600
hectares, and covers portions of OCS Blocks 6965, 6966, 6967, 6968, 7015, 7016, 7017, and 7018 in the
Providence (NK19-07) protraction area (Figures 1.1-1 through 1.1-3). The area surveyed is larger than the
planned WTG footprint in order to encompass the Maximum Work Area (MWA) which represents locations
of potential seafloor disturbance associated with future SFWF construction and installation activities. The
approximate bounding coordinates of the SFWF survey area are:

m Northwest Corner: N4,554,413, E315,878 (Latitude 41.120147 degrees, Longitude -71.193197
degrees)
Northeast Corner: N4,553,726, E327,419 (Latitude 41.116500 degrees, Longitude -71.055622 degrees)

m  Southeast Corner: N4,548,144, E326,709 (Latitude 41.066098 degrees, Longitude -71.062487
degrees)

m  Southwest Corner: N4,548,808, E315,412 (Latitude 41.069595degrees, Longitude -71.197052
degrees)

m  Northing (N) and Easting (E) coordinates reference Universal Transverse Mercator (UTM), Zone 19
north, North American Datum 1983 (NAD83) and are in meters. Latitude and longitude coordinates
reference NADS83.

Measured water depths in the surveyed SFWF area are between approximately 27 and 45 meters
referenced to the mean lower low water (MLLW) datum.

Proposed South Fork Export Cable

The SFEC is planned to connect from an OSS in the SFWF to the preferred landfall on Long Island near
Beach Lane, or possibly an alternate landfall location at Hither Hills (Figures 1.1-1 through 1.1-3). Currently
the cable is planned to be installed to a nominal depth of up to 2 meters below the seafloor (BSF) using a
trenching method. Cable installation at the shore crossing is anticipated to use a horizontally directional
drilled (HDD) method to install the cable from a land-side entry point, pass beneath the shoreline and surf
zone, and exit at the seafloor where the water depth is approximately 10 meters. The planned length of the
SFEC and end point locations are:

m  OSS End Point in the Wind Farm: N4,549,449, E317,489, UTM Zone 19N, NAD83, meters; (Longitude
-71.1725 degrees, Latitude 41.0758 degrees NAD83)

m  Preferred Landfall End Point: N4,535,837, E227,548, UTM Zone 19N, NAD83, meters; (Longitude
-72.2358 degrees, Latitude 40.9283 degrees NAD83)

m Alternate Landfall End Point: N4,544,279, E247,151, UTM Zone 19N, NAD83, meters; (Longitude
-72.0068 degrees, Latitude 41.0105 degrees NAD83)
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m  Total Length: 99 km
m  Length in NY state water: 5.8 km
m Length in OCS water: 93.1 km

The SFEC corridor located on the OCS (outside of the 3-nautical mile limit) will be within OCS blocks, listed
from east to west:

m 7013 to 7015, 7056 to 7063, and 7101 to 7106 of Providence protraction area (NK19-07)
m 6002 and 6003 of Block Island protraction area (NK19-10)
m 6031 to 6033 and 6080 to 6081 of New York protraction area (NK18-12)

With the exception of the shore approach segment, the water depth in the SFEC corridor is generally
between 30 and 45 meters and the deepest water surveyed along the SFEC is approximately 48 meters
(Re. MLLW). For the purposes of this report, the portion of the SFEC located within federal waters will be
referred to as South Fork Export Cable OCS (SFECOCS) and the portion of the SFEC located within New
York State waters will be referred to as South Fork Export Cable NYS (SFECNYS).

2017 Geophysical and Geotechnical Survey Overview

During 2017, SFW commissioned a series of geophysical, geotechnical, archaeological, and benthic
surveys to characterize site conditions in the proposed SFWF and SFEC development areas. Prior to
conducting the surveys, Fugro conducted a desktop study to begin building an understanding of the SFWF
and SFEC site conditions (Fugro, 2017a). The desktop study provided an initial framework of the anticipated
geologic and geotechnical conditions, geohazards, and natural and man-made siting constraints. This
information was assimilated into a preliminary ground model and used to develop potential export cable
routes and shore landing locations (Figure 1.1-3). Potential cable routes and shore landing locations also
incorporated input from other project partners (e.g. environmental consultants) and input received by SFW
from stakeholder engagement meetings.

Information regarding the site conditions developed during the desktop study were used to select equipment
and design the 2017 G&G program. A COP Survey Plan was prepared that described the planned survey
and was submitted to BOEM for review on May 19, 2017 (Fugro, 2017b). A pre-survey meeting was
conducted on April 18, 2017 at BOEM’s office located in Sterling, Virginia to discuss the proposed COP
Survey Plan.

The G&G surveys were conducted to collect data used to characterize shallow hazards, geological
conditions, geotechnical characteristics, and to provide data for marine archaeological resources
assessments and benthic studies. The geophysical survey was conducted from July to November 2017 and
included the following sequence of activities:

m  High Resolution Geophysical (HRG) Survey including: multibeam hydrographic, side scan sonar,
magnetometer, sub-bottom profiler, medium penetration sparker with a single-channel hydrophone
array, and a medium penetration sparker with a multi-channel hydrophone array. Primary survey lines
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in the SFWF area were spaced 30 meters apart and included all systems except the sparker with
multichannel hydrophone array. On every fifth primary line (spaced 150 meters apart) and all tie lines
(spaced 500 meters apart), the sparker with multichannel hydrophone array and all other systems
except the single channel hydrophone array.

In the SFEC corridor, survey lines were generally run along a centerline and three wing lines spaced on
either side and tie lines spaced 500 meters apart. Within approximately 10 km of the SFWF area the survey
corridor was widened to approximately 700 and 1,000 meters to allow room for the cable to be routed around
boulders. Survey systems on all SFEC lines except for the centerline included multibeam hydrographic,
side scan sonar, magnetometer, sub-bottom profiler, medium penetration and a sparker with a single-
channel hydrophone array. On the centerline, a medium penetration sparker with a multi-channel
hydrophone array was used instead of a single-channel hydrophone array; all other systems were run on
the centreline.

m Vibracore sampling was conducted along the SFEC corridor and in the SFWF area at nominally
proposed WTG locations. Vibracore exploration was used to investigate shallow stratigraphic conditions
in support of cable route planning and design and characterize conditions in the SFWF area. Several
vibracores were provided to a marine archaeologist to support an Archaeological Resource Study.

m Seabed CPT testing was conducted along the SFEC corridor and in the SFWF area at proposed WTG
locations.

m  Grab Sampling was performed at selected locations to characterize seafloor sediment types and
support interpretation of the multibeam backscatter and side scan sonar data.

m  Sediment Profile Imaging/Plan View Imaging (SPI/PV) was conducted along the SFEC corridor and in
the SFWF area to characterize seafloor conditions and support a benthic study. The SPI/PV imaging
collected high-resolution imagery of the seafloor and shallow profiles.

m A geotechnical laboratory testing program conducted at Fugro’s Houston and Baton Rouge soils
laboratory to define the classification, strength, and thermal conductivity characteristics of the sediments
recovered in the vibracores.

m  An environmental laboratory testing program conducted at Test America’s laboratory to define
environmental characteristics of soil samples recovered in vibracores collected in New York State
waters.

2018 Geophysical and Geotechnical Survey Overview

During 2018, SFW commissioned a second phase of geophysical, geotechnical, archaeological, and benthic
surveys to characterize site conditions in the expanded work area in the eastern portion of the SFWF and
SFEC development areas.

The G&G surveys were conducted to collect data in the expanded eastern portion of the maximum work
area to extend the mapping of the geologic units first defined in the 2017 survey. The newly collected data
was used to characterize shallow hazards, geological conditions, geotechnical characteristics, and to
provide data for marine archaeological resources assessments and benthic studies. The geophysical survey
was conducted from October 30 to December 31, 2019 and the geotechnical explorations were performed
from January 2 to February 24, 2019.
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High Resolution Geophysical (HRG) Survey including: multibeam hydrographic, side scan sonar,
gradiometer, sub-bottom profiler, medium penetration sparker with a single-channel hydrophone array,
and a medium penetration sparker with a multi-channel hydrophone array. Primary survey lines in the
SFWF area were spaced 30 meters apart and included all systems except the sparker with multichannel
hydrophone array. On every fifth primary line (spaced 150 meters apart) and all tie lines (spaced 500
meters apart), the sparker with multichannel hydrophone array and all other systems except the single
channel hydrophone array.

Additional vibracore sampling was conducted along the SFEC corridor and in the SFWF area at
nominally proposed WTG locations. Vibracore exploration was used to investigate shallow stratigraphic
conditions in support of cable route planning and design and characterize conditions in the SFWF area.
Several vibracores were provided to a marine archaeologist to support an Archaeological Resource
Study.

Seabed CPT testing was conducted in the SFWF area.

2018 GZA Deep Geotechnical Borings

During August and September of 2018, GZA, under contract to SFW, performed deep geotechnical soil

borings at 5 proposed WTG locations. The borings were advanced to depths of 70 to 75 meters below

seafloor (BSF). Downhole geophysical surveys were also conducted in the boreholes to measure density,

compressional wave velocity (Vp), and shear wave velocity (Vs) of subsurface materials. A geotechnical

laboratory testing program was also conducted to determine engineering properties of the materials

recovered during the sampling of the boreholes. The purpose of the deep borehole explorations was to

collect geotechnical data to foundation depth of interest in the SFWF.
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GEOPHYSICAL AND GEOTECHNICAL PROGRAM OVERVIEW

2017 Geophysical Survey

The G&G surveys were conducted to collect data used to characterize shallow hazards, geological
conditions, geotechnical characteristics, and to provide data for marine archaeological resource
assessments and benthic studies. The geophysical survey utilized several types of sensors to conduct the
HRG survey of the SFWF area and SFEC corridor. During Phase 1 (2017) two survey vessels were utilized
to conduct the survey (Fugro, 2018a).

The R/V Fugro Enterprise conducted most of the survey and collected all data offshore from approximately
the 14-meter water depth contour which is located approximately 1 km from shore. The R/V Fugro
Enterprise was built in 2007 and is designed for conducting high-resolution geophysical surveys. The vessel
is 52 meters in length, with a beam of 12.2 meters and a maximum draft of 3.4 meters. Surveying operations
on the R/V Fugro Enterprise were conducted on a 24-hour/day basis from July 19 to November 9, 2017.

Inshore surveying was conducted using a smaller, shallow draft purpose-built survey vessel named the R/V
Harry Miller. The R/V Harry Miller is an aluminum catamaran owned by Miller Marine Services. The vessel
is 9.8 meters in length, with a beam of 3.4 meters and a draft of 0.6 meters. Surveying operations on the
R/V Harry Miller were conducted during daylight hours only from July 27 to August 16, 2017 and covered
shore approach zones inshore of approximately the 14-meter water depth contour which was approximately
1 km from shore. All of the R/V Harry Miller surveying occurred in New York State water.

2018 Geophysical Survey

Phase 2 of the geophysical survey utilized one vessel, the R/V Fugro Discovery, to conduct the HRG survey
within the expanded SFWF work area. The R/V Fugro Discovery was built in 1997 for the Norwegian Navy
but has been converted to a multi-purpose vessel used for high-resolution G&G surveys and seafloor
mapping. The vessel is 70 meters in length, with a beam of 12.6 meters and a maximum draft of 6 meters.
Surveying operations on the R/V Fugro Discovery were conducted on a 24-hour/day basis from October 30
to December 31, 2018.

Survey Layout, Positioning, and Navigation

The SFWF survey area extends approximately 1,000 meters beyond the anticipated WTG positions to
provide survey coverage of the area where vessels may come into contact and disturb the seafloor during
installation of the SFWF. The HRG survey was conducted using a nominal 30-meter by 500-meter line
spacing in this area, which resulted in the following track lines (Chart SFWF 1):

m  Multibeam, side scan sonar, magnetometer (transverse gradiometer in Phase 2), sub-bottom profiler,
and medium penetration (sparker) with a single-channel hydrophone receiver array systems run on:
O 30-meter spaced primary lines and along inter-array cable centerlines that are not oriented in the
primary or tie line directions.
O During the Phase 1 (2017) survey the sparker source was operated at 300 joules with a single
channel hydrophone along the 30-meter spaced (marine archaeology) primary lines. The intent of
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collecting single channel sparker data was to provide high resolution seismic data that can be used
to characterize shallow stratigraphic conditions in the event that the sub-bottom profiler single
achieves limited penetration. During Phase 2 (2018), the sparker source was operated at 750 joules
with the single-channel streamer.

m  Multibeam, side scan sonar, magnetometer, sub-bottom profiler, and medium penetration (sparker)
seismic operated at 500 joules in 2017 and 1000 joules in 2018 with a multichannel hydrophone array
system run on:

O 150-meter spaced primary lines and 500-meter spaced tie lines centered on the WTGs

This survey achieved 100 percent overlapping coverage with the side scan sonar; 100 percent coverage of
the multibeam system; and a thorough sampling of magnetometer and sub-bottom profiles.

The SFEC survey corridor is comprised generally of a centerline and three offset lines on either side that
are spaced 30 meters apart and encompass a 180-meter wide corridor. There are three areas where this
corridor was widened for various reasons. The corridor section within approximately 11 km of the SFWF
was widened, while maintaining a 30-meter line spacing, to approximately 700 meters and 1,000 meters to
allow room to route the cable through a boulder area. The shore approach at Hither Hills was widened to
approximately 1.5 km from approximately 1 km offshore to the inshore survey limit. Survey tie lines along
SFEC corridor are spaced approximately 500 meters apart.

A description of the systems used on the respective survey lines are:

m  Multibeam, side scan sonar, magnetometer, sub-bottom profiler, and medium penetration (sparker) with

a single channel hydrophone receiver array system run on:

O 30-meter spaced primary lines and 500-meter tie lines.

O The sparker source was operated at 300 joules with a single channel hydrophone along the 30-
meter spaced primary lines. The intent of collecting single channel sparker data was to provide high
resolution seismic data that can be used to characterize shallow stratigraphic conditions in the event
that the sub-bottom profiler single achieves limited penetration. The sparker source and single
channel hydrophone area were not run on shore approach lines conducted by the smaller vessel
R/V Harry Miller. The R/V Harry Miller collected data on the shore approach that extend
approximately 1 km offshore from the shoreline and is approximately 1.5 km wide at the Hither Hills
landing site.

m  Multibeam, side scan sonar, magnetometer, sub-bottom profiler, and medium penetration (sparker)
seismic operated at 500 joules with a multichannel hydrophone array system run on the cable corridor
centerline.

Horizontal positioning of the primary survey vessel Fugro Enterprise was acquired with the Fugro Starfix
Differential Global Positioning System (DGPS). The DGPS combines raw Global Navigation Satellite
System (GNSS) pseudo-range observations with position corrections from a network of terrestrial
Continuously Operating Reference Stations (CORS) uplinked to redundant satellites and broadcasted to
survey vessels worldwide. The vessel is equipped with two redundant Trimble SPS551 Survey Grade GNSS
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receivers. The antennae for these receivers are mounted on the vessel antenna farm, aft of the wheelhouse,
with a clear and unobstructed view of all four quadrants of the sky. Both raw pseudo-range observations
and dual-frequency carrier-phase corrections from the Starfix. HP CORS network broadcasted by both
Inmarsat and SpotBeam satellites are recorded by the Trimble SPS551 receivers, producing a position with
extremely high accuracy. Further positional enhancements are undertaken in Fugro SPMS software. The
resulting position accuracies within a distance of 1,000 km from the nearest CORS station are 10 cm in the
horizontal plane and 15 cm in the vertical plane, both at the 95% confidence interval.

The collected navigational data were downloaded to NavLab software (Kongsberg Navigational Laboratory).
Anomalous points were removed and the data were smoothed. The resulting smoothed navigational data
and attitude (pitch, roll, and heading) were then merged with raw sensor data in Starfix. PROC (Version
5.03.17). Navigational track lines were then created through Starfix.PROC in PPL formats and CAD post-
plots.

Horizontal positioning for the R/V Harry Miller was also accomplished using the DGPS system based on the
combination of GNSS and CORS signals and achieved a similar level of horizontal positional accuracy.

For the 2018 portion of the SFWF survey aboard the R/V Fugro Discovery, horizontal positioning of the
vessel was acquired using Fugro’s Global Navigation Satellite System (GNSS) positioning. The primary
positioning was provided from the StarPack G2+ receiver. The antenna is installed on antenna mountings
on the main mast top with clear and unobstructed hemispherical view. The system was interfaced directly
to the online navigation system providing positional accuracies better than +0.1 m horizontally and £0.15 m
vertically using the G2+ position solution, which is an improved G2 position achieved by combination of
Precise Point Positioning (PPP) and Integer ambiguity resolution (IAR). The IAR is achieved by broadcasting
an additional set of corrections known as Uncalibrated Phase Delays (UPDs) along with precise orbits and
clocks.

All data on all three vessels are corrected for offset and laybacks.

Data Summary

A brief discussion of the collected geophysical data is provided below. A detailed description of the
geophysical data acquisition and processing is provided in Fugro's Geophysical and Shallow Hazards
Report (Fugro, 2019).

Multibeam Echosounder

R/V _Fugro Enterprise. Multibeam data were collected using a vessel mounted Reson Seabat 7125

Multibeam Bathymetric Systems with an operating frequency of 400 kHz and swath coverage of 128
degrees. The sonar has a 0.5-degree beam separation (across track), 50 Hz ping rate, and used 512 beams.
The system is permanently mounted onto a gondola and has a draft of 4.4 meters.

Sound velocity measurements in the water column were performed three to four times a day and as
conditions were observed by the multibeam operator to change. Sound velocity profiles were used to
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process the multibeam data and correct for refraction and ray bending caused by sound velocity variations
in the water column. Multibeam backscatter data were also recorded during the survey.

R/V Harry Miller (NY State Water Only). Multibeam surveying was conducted from the R/V Harry Miller using
a pole-mounted R2Sonic 2024 multibeam echosounder operating at 300 kHz. The R2Sonic 2024 has a 0.5
degree beam separation, an update rate of 60 Hz, and uses 256 beams. An Applanix Pos M/V was used

as the inertial navigation system. Prior to surveying, a patch test was a patch test was conducted to calibrate
different components of the multibeam bathymetry system in accordance with industry standards using the
same method as described for R/V Fugro Enterprise. Based on the patch and performance tests, a swath
width of 130 degrees was used. Tidal effects were corrected for by using real time kinematic/post processed
kinematic methods.

Sound-velocity casts were conducted regularly to ensure multibeam data could be corrected for refraction.
Casts were spaced geographically and temporally to create an accurate model of the sound velocity profile

for the water column across the survey area.

R/V Fugro Discovery. Multibeam echosounder data was collected aboard the R/V Fugro Discovery using a

vessel-mounted Kongsberg EM712 Multibeam Bathymetric System. The system has a dual operating
frequency of 40 to 100 kHz, a maximum ping rate of 30 Hz, and a swath coverage of 140 degrees. This
system is permanently mounted on a hull-mounted gondola.

Prior to commencing the survey, a patch test was conducted in the survey area to calibrate different
components of the multibeam bathymetry system. During the survey, a total of 64 CTD (conductivity,
temperature, and density) measurements were taken to acquire sound velocities in the water column. A
Valeport MIDAS SVX2-CTD velocity profiler was used to acquire the velocity profiles during the survey.

Soundings were processed using CARIS HIPS software on Windows 7 workstations. CARIS was used to
process, clean, and produce seafloor elevation models and finalized XYZ ASCII files.

Within CARIS HIPS, soundings were corrected for calibrated patch test results, vessel offsets, vessel
motion, draft, sound velocity, and tide. Offsets established during the mobilization were used to correct
bathymetry for differences between the transducer head and GPS antenna position. Offsets were entered
in the Vessel Configuration File in CARIS HIPS to correct the bathymetry during processing.

Processed sound velocity profiles were used to correct bathymetry data for sound refraction, or ray bending.
Sound velocity profiles were applied within CARIS. Daily processing used predicted tides and data was

then GNSS post-processed in Inertial Explorer (IE) using a NOAA VDatum tide model.

Side Scan Sonar

R/V Fugro Enterprise. Side scan sonar data was acquired with an EdgeTech 4200 Side Scan Sonar System
run at frequencies of 300 and 600 kHz, with a range of 50 meters per channel. The data were recorded in
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real-time with Chesapeake SonarWiz 6. Instrument positioning was monitored with an acoustic beacon
utilizing the HiIPAP USBL system. The beacon was mounted two meters forward of the sonar tow fish.

R/V Harry Miller (NY State Water Only).

Side scan sonar data was acquired with an EdgeTech 4125 Side Scan Sonar System run at frequencies of
400 and 900 kHz. Sonar positioning was based on cable out from tow point position and offset and layback
from GPS antenna position. EdgeTech Discovery Software was used to acquire the side scan sonar data.
The data were then processed with Chesapeake Technology Inc.'s SonarWiz MAP software to produce a
side scan sonar mosaic using the 900 kHz data.

The files were processed to construct a side scan mosaic using the 600 and 900 kHz sonar data from the
Fugro Enterprise and Harry Miller vessels, respectively, of the site. SonarWiz mosaics multiple overlapping
survey lines using different blending options: direct overlay, shine through, or weighted selection. The
mosaic provides a view of the seafloor in black and white similar to an aerial photograph. Final contrast
adjustments, filtering and line editing were performed before the final mosaic image was produced. The
complete mosaic image was geo-referenced to the local coordinate system for the final maps.

R/V Fugro Discovery. Side scan sonar data was acquired with an EdgeTech 4200 Side Scan Sonar System

run at frequencies of 300 and 600 kHz. Sonar positioning was based on USBL position. EdgeTech
Discovery Software was used to acquire the side scan sonar data. The data were then processed with
Chesapeake Technology Inc.'s SonarWiz 6 software to produce a side scan sonar mosaic using the 600
kHz data.

Magnetometer

R/V_Fugro Enterprise. A Geometrics G-882 Marine Magnetometer was utilized to accurately detect
ferromagnetic material. The magnetometer recorded data at 100-gamma and 1,000-gamma scales at a
sample rate of 2 Hz. The sonar and magnetometer systems were tethered to the same cable. Instrument
positioning was monitored with an acoustic beacon utilizing the HIPAP USBL system. The beacon was
mounted two meters forward of the sonar tow fish and the magnetometer was towed on a soft leader (10-
13 meters behind the sonar tow fish). The magnetometer was instrumented with an altimeter and depth
sensor and sensor altitudes above the seafloor were maintained between 4 and 6 meters.

R/V Harry Miller (NY State Water Only). A Marine Magnetics SeaSPY magnetometer (or equivalent) will be
utilized to identify ferrous targets. The SeaSPY is an omni-directional pulsed Overhauser magnetometer
that measures the ambient magnetic field using a specialized branch of nuclear Magnetic Resonance
technology, applied specifically to hydrogen nuclei. The presence of a ferromagnetic object creates a local
variation or anomaly in the magnetic field that are measured by the magnetometer. The shape of the
magnetic anomaly, intensity, and duration depend on the size of the ferrous object and distance from the
sensor. The sensor altitude off the bottom will be digitally recorded from a factory installed altimeter located
on the magnetometers. The SeaSPY is capable of recording up 10 times per second and with a sensitivity
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of 0.01nT (or 0.01 gamma). The magnetometer was instrumented with an altimeter and depth sensor and
sensor altitudes above the seafloor were maintained between 2 and 6 meters.

R/V _Fugro Discovery. Two Geometrics G-882 Marine Magnetometers in a frame-mounted transverse

gradiometer (TVG) configuration were utilized to accurately detect ferromagnetic material. The
magnetometer recorded data at 100-gamma and 1,000-gamma scales at a sample rate of 10 Hz.
Instrument positioning was monitored with an acoustic beacon utilizing the HiPAP USBL system. The
beacon was mounted two meters forward of the gradiometer frame. Both magnetometers were
instrumented with an altimeter and depth sensor and sensor altitudes above the seafloor were maintained
between 4 and 6 meters.

Sub-bottom Profiler

R/V Fugro Enterprise. The sub-bottom profiler system on the Fugro Enterprise is a four-transducer array
system that uses Massa TR-1075D SBP transducers. The transducers are pole mounted in a 2 by-2
configuration, are deployed through a moonpool, are heave compensated, and operate in the 1 to 10 kHz
range. A 100ms record length was recorded. The system utilized an auto altitude tracker and implemented
a 4-meter blanking.

The topside processor was an EdgeTech 3200 that used to Edgetech’s Discover software to acquire and
process the data.

R/V Harry Miller (NY State Water Only). An EdgeTech 3200 SB-216s sub-bottom profiling (SBP) system
was used for imaging the shallow subsurface conditions. The EdgeTech 3200 SBP is a wideband
Frequency Modulated (FM) sub-bottom profiler utilizing EdgeTech’s proprietary full spectrum CHIRP
technology. The 3200 generates high-resolution images of the sub-bottom stratigraphy. The EdgeTech SB-
216S sub-bottom profiler employs a swept frequency between 2 and 16 kHz with 8 cm vertical resolution.

The EdgeTech 3200 system included the SB-216S Towfish, the Model 3200 topside processor, and
EdgeTech's Discover acquisition software. The system was triggered at an 8-Hz pulse rate with a swept
frequency range between 2 to 15 kHz over 20 milliseconds (ms). All navigation information and sub-bottom
data were time tagged and logged to a hard drive.

The SBP data display an estimated vertical resolution of approximately 0.1 meters and typical penetration
ranges from 3 meters to approximately 25 meters.

R/V Fugro Discovery. A Knudsen 3260 Chirp system mounted in a 4 by 4 Massa array were used aboard
the Fugro Discovery to acquire sub-bottom profiler data in the SFWF. An operating frequency of 3.5 kHz
was used for the SFWF survey and the data was recorded as full waveform data. Knudsen’s Sounder Suite
4.05 software was used for acquisition. SBP data were automatically heave-corrected and written to .segy
files during acquisition and then loaded into an IHS Kingdom 2016.1 project. There the data were checked
and interpreted.
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MPS Sparker — Single Channel Geophysical Data

MPS sparker single channel data were collected to acquire high-resolution imaging of the shallow
stratigraphy and provide an alternate data source in areas where the SBP signal penetration depth was
limited due to geologic conditions. Based on past experience in the mid-Atlantic OCS and information from
the desktop study, we identified a potential risk that the SBP signal penetration depth may be limited due to
geologic conditions. The seafloor and shallow geology were anticipated to be comprised of dense sandy
and gravelly deposits in some areas that we anticipated may reflect a large amount of the SBP seismic
signal at the seafloor and also attenuate the signal, thus resulting in shallow SBP signal penetration.
Therefore, we elected to use a sparker source due to its high frequency content and larger power signal
power output that we were confident would be able to penetrate deep enough to meet marine archaeology
resource survey objectives. The sparker source has a wide frequency band output with an upper bound
(2.5 kHz) that is equivalent to SBP content.

R/V Fugro Enterprise. An Applied Acoustics Dura-Spark sub-bottom profiling system is a shallow seismic

system with a 8-element, single channel streamer used to collect MPS sparker — single channel geophysical
data. Data were acquired using a shot interval of 0.78 meters, record length of 200 ms, 20 Hz sampling
frequency, and the sparker fired at 300 joules. The source and streamer were towed approximately 50 cm
below the sea surface and the source was towed at the midpoint of the streamer.

R/V Harry Miller (NY State Water Only). No MPS sparker single channel data were collected from the R/V
Harry Miller.

R/V Fugro Discovery. A Geophysical Services Offshore (GSO) 360-Tip Sparker was used to collected high-
resolution seismic data for the 2018 SFWF survey. The sparker used an Applied Acoustics Power Supply
Unit (PSU) and a GSO 24-element single-channel streamer on the secondary (30-meter spaced) lines to
compliment the sub-bottom profiler data in areas where the penetration was insufficient. For single-channel

acquisition, the Sparker was fired at 750 joules at a 400-millisecond interval.
The equipment was calibrated along test lines with various towing geometry and power settings prior to
commencing the survey. Based on tuning performed on the test lines, optimal parameters were selected

for the acquisition and recording.

MPS Sparker — Multichannel Geophysical Data

Medium penetration sparker (MPS) seismic data were collected using an Applied Acoustics Dura-Spark
sub-bottom profiling system and a 32-channel streamer with a hydrophone group spacing of 1.56 meter.

MPS multichannel data were collected along the SFEC centerline and along 150-meter spaced primary and
500-meter spaced tie lines in the SFWF area.

The Starfix.NG Navigation software was used to determine the distance travelled over ground and trigger
the source at a distance interval of 1.56 meters. Record length was 200 milliseconds to achieve 80 meters
penetration beneath the seabed at the far offset and the sampling rate was 0.125 msec.
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R/V Harry Miller (NY State Water Only). No MPS sparker multichannel data were collected from the R/V

Harry Miller.

R/V Fugro Discovery. In phase two, during 2018, Medium penetration sparker (MPS) seismic data were

collected using a Geophysical Surveys Offshore (GSO) 360-tip sub-bottom profiling system and a 48-
channel streamer with a hydrophone group spacing of 1.56 meter. MPS multichannel data were collected
along 150-meter spaced primary and 500-meter spaced tie lines in the SFWF area.

The QPS QINSy Navigation software was used to determine the distance travelled over ground and trigger
the source at a distance interval of 1.56 meters. Record length was 200 milliseconds to allow for at least 80
meters of penetration beneath the seabed at the far offset and the sampling rate was 0.125 msec. Table
2.2 provides a summary of the acquisition parameters for the multichannel geophysical data collection.

2017 Geotechnical Survey

This first phase of the G&G Survey also included the field work campaign for geotechnical sampling and in-
situ testing at selected locations between October and December 2017 (Figures 2-1 through 2-4).
Geotechnical sampling and in situ testing during the 2017 field survey was conducted using vibrocoring,
grab sampling, and shallow seabed piezocone penetration testing. The geophysical survey program was
conducted in advance of the geotechnical investigation to (1) deconflict seafloor disturbance locations from
potential marine archaeological resources, and (2) provide geophysical data that was used to select the
geotechnical exploration locations along the export cable route and foundation locations.

Vibracores and CPT explorations provided different types of geotechnical data for use in cable route design.
Vibracores provided physical samples that were tested in the laboratory to determine particle size
distribution, Atterberg Limit properties (e.g. plasticity), thermal conductivity, and specific gravity. Those
types of data are commonly used to characterize the material types, support sediment fate studies resulting
from jet trenching, erosional potential, and design the cable properties.

CPT data were used to estimate material density, strength, and soil behavior type. Those material
parameters are commonly used as input to cable burial risk assessments, design cable installation
techniques and production rates, and are superior data for providing ground trothing to seismic data. CPT
tip resistance is a primary data source for interpolating material boundaries in between geotechnical
explorations and defining where the cable installation will encounter different material types. Geotechnical
data will be integrated with the geophysical data to provide a comprehensive and coherent characterization
of subsurface materials along the cable alignment.

Geotechnical Exploration Vessels and Positioning

The CPT and vibracore sampling programs were conducted onboard the 30-meter Megan T. Miller. The
Megan T. Miller has a 7.3-meter beam, and a 2.7-meter draft. The vessel was equipped with a hydraulic A-
frame mounted aft for deploying and retrieving the HPC and SS35 units. The James C. Miller provided
auxiliary support by providing the Protected Species Observers an observation platform during operations.
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The grab sampling program was completed onboard the survey vessel Fugro Enterprise, concurrent with
the Inspire SPI/PV camera survey.

Positioning the vessels at each location was carried out with the aid of a differential Global Positioning
System (DGPS). Fugro’s Starfix 9.3 DGPS navigation software was installed onto the Megan T. Miller and
offsets were measured to the center of the A-frame when extended outboard in deployment mode to capture
the coordinates during testing or sampling.

Cone Penetration Tests

A Seascout 35 seabed CPT system was used for the cone penetration testing. The Seascout 35 is a
compact unit using a coiled rod system capable of advancing cones to a depth of 25 meters in certain soil
conditions. It has 35 kN of thrust available and advances the cone at a nominal rate of penetration of 2
cm/sec. 5-cm? piezocones were used for this project.

When the vessel was stable on location, the Seascout 35 was deployed and lowered to the seabed. The
equipment was operated remotely from the CPT control container on deck. During the lowering to and lifting
from the seabed, piezo-cone data was recorded and viewed real-time.

The maximum penetration target depth for the CPTs located in the SFWF area and along the SFECNYS
was 25 meters. The maximum target depth was 10 meters for locations along the SFECOCS. If a minimum
penetration depth of 5 meters for the CPT’s located in the SFWF, or 3 meters along the SFEC route was
not achieved prior to refusal, then the unit would be offset to conduct a retest.

The results were monitored in real time using Fugro UNICAN data acquisition software from deck-to-deck.
The data were processed and quality checked by the onboard geologist using Fugro UNIPLOT data
processing software. Preliminary CPT plots were produced offshore, and then the final QA/QC of the data
and final plots where performed in the office.

Chart 1 presents the locations of CPT explorations. The Geotechnical Data Report (Fugro, 2018b) provides
additional details regarding the CPT exploration and exploration logs.

Vibracore Sampling

The High-Performance Corer (HPC) is a self-contained system that is launched from the A-frame of an
exploration vessel (Figures 2-1 and 2-2). The HPC contains an electric motor and simple barrel design with
a cutting shoe that held a sample retainer and an 88.9-mm diameter clear plastic single-use liner for sample
retention. The barrel was configured in lengths of 6 and 3 meters. The 3-meter barrel was used to obtain
the environmental, cultural and geotechnical cores along the SFEC route. The 6-meter barrel was used to
obtain the cultural and geotechnical cores on the SFWF area.

In the event of recovery less than 2 meters for the cores along the cable route, and 3 meters in the SFWF,
re-attempts were performed based on the recovery, the ground conditions, and performance of the
equipment at each location. One way to improve our percentage of soil recovery increasing the number of
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catchers (using sometimes 3) at the bottom of the shoe of the core barrel, where we introduce a plastic bag
in between the catchers to help to create some friction to keep the soil sample inside the liner.

Retrieved soil cores were examined and logged by a geologist or geotechnical engineer. Immediately after
the soil cores were retrieved from the core barrel, the cores were cut into segments not exceeding 1.5
meters and the temperature was measured at the bottom of each core. After this process was completed
the cores were logged, and field tested (e.g. pocket penetrometer or torvane test) if cohesive sediments
were encountered, and the top and at the bottom of each segment sealed and labeled.

The geotechnical core samples collected along the SFEC route and SFWF area, were processed in different
docks facilities during standby periods. The geotechnical soil samples were stored in buckets before being
shipped to our laboratories in Houston, Texas, and Baton Rouge, Louisiana. The cultural core samples were
delivered to the facilities of Gray and Pape in Providence, Rhode Island.

Chart SFWF 8 presents that locations of the vibracore explorations. The Geotechnical Data Report (Fugro,
2018b) provides additional details regarding the geotechnical field explorations, results from the laboratory
testing, and exploration logs.

Ambient Temperatures

The temperature of the soil cores, air, and water were measured during the sampling to complement thermal
resistivity testing. Cores that were retrieved to deck were pulled from the barrel, the liner cut, and a metal
probe was inserted into the soil core to measure the temperature before other logging. While the effort was
made to obtain the core readings as soon as possible after retrieval (within about 15 minutes) a trend
appears to exist between the core temperature and the corresponding air temperature measured.
Temperature measurements are provided in the Geotechnical Data Report (Fugro, 2018b).

Grab Samples and Sediment Profile Imagery/Plan View Imagery

The grab samples were performed from the Enterprise, after the completion of the SPI data collection and
the PV imaging data collection of the sediment water interface. Nineteen grab samples were collected using
a Ponar Dredge Sampler with a sample area of 152 by 254 mm. Grab sample and SPI/PV imagery locations
are presented on Chart 1. Laboratory test results from the grab samples are provided in the Geotechnical
Data Report (Fugro, 2018b). A detailed description of the methodology and results from the SPI/PV imagery
survey is provided in the SPI and Benthic Survey Report (Inspire, 2018).

2018 Geotechnical Survey Vessel and Overview

Phase 2 of the G&G Program included the field work campaign for geotechnical sampling and in-situ testing
at selected locations between January and February of 2019. The geotechnical work was performed aboard
the M/V Gulfmark Conti, a 64-meter Dynamic Position Class 2 supply vessel. The vessel was equipped
with a hydraulic A-frame mounted aft for deploying and retrieving the vibracore and CPT equipment. For
the 2018 phase of geotechnical work, Fugro used its High-Performance Corer (HPC) for the 6-meter
vibracore locations and Fugro’s Seacalf Mk 1V Continuous Drive System (CDS), a medium-penetration (up
to 35 meters in certain soil conditions) cone penetration testing seabed unit. Chart SFWF 8 presents the
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locations of 2019 vibracores and CPTs performed in the SFWF and SFEC areas. Penetration and recovery
depths and other information from the 2019 geotechnical survey is shown in the tables on Chart SFWF 8.

Cone Penetration Tests

A Seacalf MkIV Continuous Driving System (CDS) was used for the cone penetration testing. The CDS is
a compact unit using a coiled rod system capable of advancing cones to a depth of 35 meters in certain soil
conditions. It has 100 kN of thrust available and advances the 15-cm? piezocones at a nominal rate of
penetration of 2 cm/sec.

When the vessel was stable on location, the CDS seabed unit was deployed and lowered to the seabed.
The equipment was operated remotely from the CPT control container on deck. During the lowering to and
lifting from the seabed, piezo-cone data was recorded and viewed real-time.

The maximum penetration target depth for the CPTs located in the SFWF was 35 meters. The maximum
target depth was 10 meters for locations along the SFECOCS. If a minimum penetration depth of 5 meters
for the CPT’s located in the SFWF was not achieved prior to refusal, then the unit would be offset to conduct
a retest.

The results were monitored in real time using Fugro UNICAN data acquisition software from deck-to-deck.
The data were processed and quality checked by the onboard geologist using Fugro UNIPLOT data
processing software. Preliminary CPT plots were produced offshore, and then the final QA/QC of the data
and final plots where performed in the office.

Chart 8 presents the locations of CPT explorations. The Geotechnical Data Report (Fugro, 2019) provides
additional details regarding the CPT exploration and exploration logs.

Vibracore Sampling

The High-Performance Corer (HPC) is a self-contained system that is launched from the A-frame of an
exploration vessel (Figures 2-1 and 2-2). The HPC contains an electric motor and simple barrel design with
a cutting shoe that held a sample retainer and an 88.9-mm diameter clear plastic single-use liner for sample
retention. The barrel was configured to a length of 6 meters for the SFWF area.

In the event of recovery less than 3 meters in the SFWF, re-attempts were performed based on the recovery,
the ground conditions, and performance of the equipment at each location. One way to improve our
percentage of soil recovery increasing the number of catchers (using sometimes 3) at the bottom of the
shoe of the core barrel, where we introduce a plastic bag in between the catchers to help to create some
friction to keep the soil sample inside the liner.

Retrieved soil cores were examined and logged by a geologist or geotechnical engineer. Immediately after
the soil cores were retrieved from the core barrel, the cores were cut into segments not exceeding 1.5
meters and the temperature was measured at the bottom of each core. After this process was completed

Fugro Report No. 02.1803-1431-02 Page 16 of 61



-I"uann
SOUTH FORK WIND, LLC

INTEGRATED SITE CHARACTERIZATION REPORT

243

2.5

the cores were logged, and field tested (e.g. pocket penetrometer or torvane test) if cohesive sediments
were encountered, and the top and at the bottom of each segment sealed and labeled.

The geotechnical core samples collected in the SFWF area, were processed on board and the geotechnical
soil samples were stored before being shipped to our laboratories in Houston, Texas. The cultural core
samples were delivered to the facilities of Gray and Pape in Providence, Rhode Island.

Chart 1 presents that locations of the vibrocore explorations. The Geotechnical Data Report (Fugro, 2019)
provides additional details regarding the geotechnical field explorations, results from the laboratory testing,
and exploration logs.

Geotechnical Boreholes

Five geotechnical boreholes were conducted during 2018 by GZA. Chart SFWF 8 presents the locations of
the borehole locations. Exploration methodology, testing, and the results are presented in GZA’s
Geotechnical Report (GZA, 2019).

Project Datum

Exploration coordinates and all horizontal datum references for this project use the North American Datum
(NAD) of 1983 coordinate system and projected in Universal Transverse Mercator (UTM) Zone 19 (North).
The vertical datum for exploration depths and water depths reference Mean Lower Low Water (MLLW).
Metric units were used for all projection coordinates, survey layouts, water depths, and subsurface feature
measures.
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3.3.1

3.3.2

SITE AND SEAFLOOR CONDITIONS

Introduction

Section 3 discusses the bathymetry and seafloor conditions of the SFWF and SFEC (Figure 3-1; Charts
SFEC 1 through 6 and SFWF 1 through 6). Seafloor elevation, morphology, and seafloor and near seafloor
conditions can affect various wind farm components including the vibrational frequency of the wind turbine
system, foundation system behavior, cable burial protection, or lead to cable spanning issues near turbine
locations.

The information in this section is intended to help focus and guide future evaluations of potential hazards,
design and implement appropriate mitigation.

Site Location

The SFWEF is located approximately 31 km southeast of Block Island, Rhode Island in Rhode Island Sound
on the Atlantic OCS (OCS-A 0517). The SFWF will include up to 15 WTG, 1 OSS, and an inter-array cable
network. The project includes plans for installing the SFEC that will be used to export power from the wind
farm to New York. The SFEC is planned to connect from an OSS in the SFWF to the preferred landfall on
Long Island near Beach Lane and is approximately 99 km in length.

Water Depth and Seafloor Morphology
SFWF

The SFWF area is located in Rhode Island Sound, between Long Island, New York and Martha’s Vineyard,
on the Atlantic OCS. The continental shelf in this region is approximately 150 km wide and displays gentle
southward slopes, generally less than 1 degree. Surrounding morphologic features include Long Island,
Block Island, and Martha’s Vineyard which represent the Harbor Hills and Ronkonkoma terminal moraines
associated with late Wisconsin glaciation.

The SFWF survey area is located near Cox Ledge, along the Ronkonkoma moraine, approximately 30 km
southeast of Block Island and contains water depths that range from approximately El. -27 to -45 meters
MLLW (Figure 3-1 and Charts SFWF 2a and 2b). The deepest region is located in the north-central portion
of the SFWF survey area, where a northwest-southeast trending paleo-drainage extends into the study
area. The center portion of the survey area displays an undulating seafloor. This generally corresponds to
the presence of megaripples. Seafloor slopes generally vary from less than 1 degree to 3 degrees. Areas
with seafloor slopes greater than 10 degrees generally occur along the margins of sand waves and can
exceed 30 degrees along the flanks of seafloor boulders. Chart SFWF 3 presents the seafloor slope gradient
calculated based on multibeam data.

SFEC

The SFEC extends from the proposed OSS within the SFWF to the southwest to the preferred landfall on
Long Island near Beach Lane. The proposed SFEC corridor contains water depths that range from
approximately El. -9 meters MLLW near the south shore of Long Island, New York, to El. -50 meters MLLW
within the northwest portion of Block 7062, Providence Area (Charts SFEC 1 through SFEC 10).
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As the proposed route proceeds to the west, moving away from the SFWF area, the route encounters two
prominent north-south trending paleo-drainages which are present along the eastern and western margins
of Block Island. The two possible shore landings for the export cable are located at Beach Lane or Hither
Hills, Long Island, New York. Seafloor slopes along the SFEC proposed route generally vary from less than
1 degree to 3 degrees. Areas with seafloor slopes greater than 10 degrees generally occur along the
margins of sand waves and can exceed 30 degrees along the flanks of seafloor boulders.

Seafloor and Near Seafloor Conditions

Seafloor conditions in the SFWF area and SFEC route are characterized by the following types of features:
seafloor and shallowly buried boulders, sand waves, and minor ripples. Seafloor features were interpreted
from MBES bathymetry and backscatter, SSS, and seafloor slope.

Boulders

The SFWF and portions of the SFEC route are located on a terminal glacial moraine in a high boulder
hazard area (Fugro, 2017a). SFEC corridor from the SFWF to approximately 10 km from the SFWF area is
located on a moraine and moraine flank where boulders are present. Sources for boulders typically include
moraine deposits, glacial outwash, and glacial erratics transported by ice rafts in front of the glaciers and
deposited when the ice rafts melt.

Seafloor and shallowly buried boulders with seafloor expression are observed throughout the SFWF area
and KP-0 to KP-13 and KP-47 to KP-58 of the SFEC route (Figure 3-2 and Charts SFEC 1 and 5). Seafloor
boulders were mapped from MBES bathymetry data using an in-house-developed GIS workflow to detect
mound-like features with local positive relief using hydrologic drainage tools and local bathymetric position
index (Lundblad et al., 2006). Mounds were digitized as polygons to calculate the approximate area of each
boulder at the seafloor and converted to points at the centroid location of each polygon. Estimated diameter
was calculated based on the assumption that the most common expression of a surface boulder is circular;
however, this assumption underestimated the true diameter by approximately 30%. After correcting for this
discrepancy, boulders generally measure 0.5 to over 10 meters across. During the 2018 seafloor
interpretation, a slightly more accurate method of calculating boulder size was used which takes the footprint
of the boulder from the bathymetric data and bounds the footprint with a rectangle to measure the length
and width of the boulder. This gives a more accurate measure of boulder size by using the length of its
longest axis.

Bathymetry resolution limits the ability to detect boulders smaller than 0.5 meters in diameter. It is possible
that some pixels identified as boulders could be residual acquisition artifacts. The workflow identified many
soundings along nadir and outer beams as peaks in the bathymetry. To eliminate the effect of noise, picks
were manually removed by cross-checking against side scan sonar contacts. Some real boulders were
removed during this process, and re-integrated to the dataset manually.

The highest density areas of seafloor boulders are located in the north-central and south-central portions of
the SFWF area and interpreted to represent similar Ronkonkoma and Harbor Hill moraine deposits observed
onshore. Generally, within the SFWF the areas of fewer seafloor boulders correspond to the extents of
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mapped buried paleo-channels. It is inferred that these generally north-south trending paleo-channels
eroded and downcut into the glacial moraine deposit and removed boulders in that area. Generally, surficial
boulders rise less than 1 meter to approximately 3.5 meters above the seafloor, with an unknown amount
of boulder remaining buried. Slope angles along the flanks of seafloor boulders range from about 3 to over
30 degrees, and some flanks show clear signs of scouring. Unidentified shallowly buried boulders may be
present below the widespread seafloor sand waves.

Seafloor and subsurface boulders may create difficult conditions for driving piles or cable burial. If a pile is
overstressed during the driving process when it encounters a boulder it may bend and/or warp the pile tip
and may increase the possibility of progressive collapse due to initial pile damage during installation.

Megaripples, Ripples, and Seafloor Scour

Megaripples primarily occur across the SFWF area and thin limited portions of the SFEC route. Sand waves
are migrating depositional features, generally understood to form from sediments that are transported and
redeposited by bottom currents (Wynn and Stow, 2002). Megaripple crests generally trend north — south to
northeast — southwest. The megaripples can be up to 0.5 meters high (trough-to-peak) and display a
wavelength (peak-to-peak) ranging from approximately 20 meters to 50 meters.

Ripples were identified in the relative lows between megaripple bodies. The ripples are approximately 1 to
5 cm high and display a wavelength ranging from approximately 1 to 2 meters. The crests of the ripples
display highly variable trends. Ripple orientations were observed to vary between the 2017 and 2018
surveys which suggests they may be mobile.

The presence of megaripples and ripples indicate possible mobile seafloor sediments (Figure 3-3a). Actively
migrating sand waves could affect cable burial protection. Due to the small size of the ripple bedforms their
mobility is not deemed to pose a significant hazard to cables or foundations.

A seabed mobility assessment was conducted using the data from the two surveys. Multibeam surveys
conducted in the fall of 2017, fall of 2018, and summer of 2020 were used to assess bedform migration
rates and direction in the SFWF (Figures 3-3b-i and 3-3b-ii). One-hundred eighty-nine (189) representative
bedforms were evaluated in this study (Figures 3-3b-i and 3-3b-ii). The bedforms can be categorized in two
general classes. Ripple-scale bedforms with typical heights of 0.1 to 0.3 meters were observed to exhibit
the most change. The average rate of movement between 2017 and 2020 for 81 features evaluated is 0.9
m/yr (one standard deviation is 0.3 m/yr) and is in the north to northwest direction (Figure 3-3b-i). The ripple
features are observed to be localized with the study area.

The class of bedforms includes slightly larger ripples, megaripples and sand accumulation areas. This class
of bedforms were not interpreted to exhibit a net migration pattern of movement. Many features did not
exhibit discernable movement while others appeared to exhibit re-shaping. The edges of the features may
have exhibited some movement but not in a migratory pattern. This was more common for the sand
accumulation features which are larger sand bodies with generally flat tops and an irregularly shaped
perimeter to them. These features are not anticipated to pose a hazard to the cables and foundations. Figure
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3-3c illustrates an example of how bedform migration could result in a lowering of the seafloor based on a
1.7 m/yr rate. The bedform profile shown in Figure 3-3c is from the 2018 survey. The dashed line illustrates
the approximate position where this feature would be after 15 years. The greatest amount of lowering of
the seafloor as the bedform migrated north would occur on the stoss side of the bedform. This lowering of
the seafloor over this 30m section is estimated to be 0.2 to 0.3m. This lowering of the seafloor is deemed
to not to be a significant amount and is a highly localized effect. Conversely, on the lee side of the bedform,
the seafloor level would increase as the megaripple migrates (Figure 3-3c).

Seafloor scour effects at or around proposed infrastructure foundations is a potential hazard based on our
understanding of the oceanographic setting of the SFWF area and the presence of possibly mobile seafloor
sediments. Based on inferences made from the seabed mobility assessment, bottom currents appear to be
capable of transporting sediments which suggests currents could potentially lead to local scour. However,
local scour may not have a significant impact on foundations but if deemed to be a critical issue for the
foundations, this hazard is commonly mitigated by implementing engineered controls such as placing scour
protection around a foundation.

Anthropogenic Features

SFWFE

Within the SFWF maximum work area, four potential shipwrecks were identified on NOAA charts and in the
Automated Wreck and Obstruction Information System (AWOIS) which is also maintained by NOAA.
However, the location of the shipwrecks often differs between the NOAA nautical chart and AWOIS
positions. Therefore, positions for all possible shipwrecks are located on Chart 6.

Fifty-nine (59) side scan sonar contacts were noted within the SFWF MWA. Four of the sonar contacts
(Sonar Contact Nos. 28, 30, 32 and 112) that represent possible shipwrecks are located in the SFWF
maximum work area. One other sonar contact, No. 218, is a potential shipwreck, but is located outside the
SFWF maximum work area. Sonar contact 32 is located approximately 600 meters from the NOAA/AWOIS
charted wreck and may represent its accurate location. We did not identify sonar contacts (or magnetic
anomalies) at the location of the NOAA/AWOIS charted shipwreck.

Most of the interpreted sonar contacts are located in the eastern portion of the SFWF area and are most
likely fishing related debris (e.g. traps, pots, or lost lines).

A total of 4,005 magnetic anomalies were identified in the SFWF area, although only 3,964 anomalies were
located within the SFWF MWA. We note that a majority of the anomalies appear to be associated with
inferred geologic features, trends, or surficial boulders. We observed magnetic anomalies that appear to
be directly associated with a distinct boulder, or anomalies in areas with scattered boulders, and anomalies
that correlate with shallowly buried paleochannels. We note the boulders, cobbles, and gravel inferred to be
transported to the SFWF area by glaciers and meltwater streams were believed to be sourced primarily from
Rhode Island and western Massachusetts where bedrock units scoured by glaciers are known to contain
magnetite and iron rich minerals.
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No other potential man-made objects were reported or identified within the SFWF survey area. The side
scan sonar contact and magnetic anomalies tables are located in Appendix B and C of the SFWF and SFEC
Geophysical Survey and Shallow Hazards Report (Fugro, 2019).

SFEC

Eleven side scan sonar contacts were mapped from within the SFEC corridor. Of those eleven, none were
noted within ten meters of the proposed SFEC route center line. Apart from the above-mentioned side scan
sonar contacts, the seafloor along the SFEC appears to be clear of man-made debris. However, undetected

small articles of debris may still exist along the SFEC.

Within the SFEC corridor, 1,203 magnetic anomalies were interpreted from the magnetometer data. Fifty-
three of the unidentified anomalies were noted within ten meters of the proposed SFEC route center line.
Based on the interpreted data, the “as-built” location of Transatlantic Cable TAT-6 where it crosses the
proposed export cable route was found to be offset by over 500 meters. Seventeen unidentified magnetic
anomalies were noted within New York state waters. All other unidentified anomalies are presumed to
represent articles of ferrous debris that are either buried below the mudline or too small to be acoustically
detected and are associated with prior construction activities or passing ship traffic. The side scan sonar
contact and magnetic anomalies tables are located in Appendix B and C of the SFWF and SFEC
Geophysical Survey and Shallow Hazards Report (Fugro, 2019a).

Man-made infrastructure reported to be within the SFEC area include telecommunications cables as shown
in the following table and presented on Charts SFEC 1 through 9:

Table 3.1 Reported Existing Telecommunication Cables

Name Owner Status
TAT-6 Transatlantic Cable AT&T Inactive
CB-1 Transatlantic Cable Cable Co. Inactive
TAT-12 Transatlantic Cable AT&T Active
TAT-5 Transatlantic Cable AT&T Inactive
TAT-10 Transatlantic Cable AT&T Inactive
FA-1 Transatlantic Cable Global Cloud Xchange Active
TAT12/13 Interlink Cable AT&T Active

The proposed SFEC route will cross the cables listed above as show in the following table:

Table 3.2 Cable Crossing Locations

Name Block X-Coordinate Y-Coordinate Kilometer Post
TAT-6 Transatlantic Cable 7014 308,768.59 4,547,758.54 92+22.78
CB-1 Transatlantic Cable 7014 308,096.47 4,547,157.00 101+66.76
TAT-12 Transatlantic Cable 7062 298,770.42 4,545,090.97 205+87.89
TAT-5 Transatlantic Cable 7061 294,400.17 4,545,142.34 249+58.44
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TAT-10 Transatlantic Cable 7060 291,407.22 4,545,177.52 279+51.61
FA-1 Transatlantic Cable 7057 276,943.55 4,543,443.09 426+87.59
TAT12/13 Interlink Cable 7105 265,925.11 4,538,491.35 554+40.37
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4.21

GEOLOGY AND SUBSURFACE CONDITIONS

Data Interpretation and Mapping Procedures

The geophysical data were interpreted and mapped using the IHS Kingdom Suite 2016.1 2d/3dPAK seismic
data interpretation program. This is a Windows-based program specifically designed for interpretation of
seismic reflection data. It contains features for tracing and mapping horizons, producing horizon elevation
and interval isopach (thickness) maps, and integrating and displaying geotechnical data on seismic
sections.

The geotechnical explorations were collected on or very near geophysical survey lines to facilitate the
coordination and integration of the two data sets. CPT, borehole, and vibracore logs were converted from
depth to time and were loaded into Kingdom Suite, where the logs were displayed directly on the
geophysical records. Mapping geophysical horizons and correlating them to the geotechnical data required
an iterative process involving the comparisons and re-evaluations interpretations of both data sets.

Downhole compressional wave velocity (Vp) survey results from each borehole were idealized and used to
convert each borehole’s information (e.g. formation tops) from depth to time in the Kingdom Suite
interpretation project. Vibracore and CPT information were converted from depth to time based on Vp of
1,600 m/s which was deemed to be a reasonable value based on the down-hole velocity surveys and
resulted in a good correlation between the seismic and vibracore/CPT data. For map construction purposes,
an average Vp of 1,600 m/s was deemed reasonable based on the downhole velocity surveys.

Map Construction

Horizons representing key subsurface intervals were traced on the geophysical records using IHS Kingdom
Suite. For final presentation, the horizons were gridded to generate surface models and then converted
from two-way travel time to depth and elevation using an assumed constant two-way acoustic velocity of
1,600 meters per second. The horizons were then imported into ESRI ArcMap v. 10.4 and contoured.
Figures 4-2 through 4-10 present key horizons/intervals as elevation (Figures 4-2 to 4-5), depth below
seafloor (Figures 4-6 to 4-9), and/or thickness (isopach) maps (Figure 4-10). All depths and thicknesses in
are based on an assumed constant sediment velocity of 1,600 m/s and a water column velocity of 1,500
m/s.

Cross Section Development

Cross sections (presented on Charts SFEC 1 through 9 and SFWF 9 and 10) were developed along the
export cable corridor center line using proprietary software and ESRI ArcMap v 10.4 GIS program. ArcMap
is a software package used to map and present spatial data. CPT and vibracore logs, bathymetry,
subsurface horizons, and geophysical data sections were scaled and presented together on the cross
sections. Ground model cross sections in Figures 4-16a-i were also created to provide a comparison
between geotechnical data and seismic horizons.
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Geologic Setting

During the Quaternary period, glacial and post-glacial processes dramatically shaped the geology of the
study area. lllinoian and Late Wisconsin glaciations are inferred to have advanced as far south as Martha’s
Vineyard, Nantucket Island, Block Island, and Long Island. End moraine deposits from the ice lobes on
Nantucket-Martha’s Vineyard-Block-Long Islands are inferred to represent the approximate southern limit
of the Laurentide ice sheet during the Late Wisconsin approximately 23,000 years ago (ka) (Uchupi et al.,
2001). Figure 4-1a shows the mapped regional geology.

As the Laurentide glaciers began to melt, glacial outwash plains deposited a thick sequence of sandy
deposits southward across Block and Rhode Island Sounds and the lease area. Pro-glacial lakes formed in
front of the glaciers and behind the end moraines and deposited thick sequences of varved (laminated silt
and fine sand) glacio-lacustrine deposits. Thick sequences of glacial lacustrine deposits have been mapped
in Block and Rhode Island Sounds. Eventually, the sea level rose and transgressed across the continental
shelf and inundated the area. During this transgression, fluvial-estuarine deposits covered much of the
outwash plain and infilled low-lying areas. Transgressive fluvial deposits may be fine-grained or sandy.

As the shoreline transgressed across the Lease Area, the deposited environment transitioned to a shallow
marine environment similar to the shelf's current setting. In general, sandy sediments were deposited in
higher energy environments and fine-grained deposits in quiet, deeper water areas.

Regional Stratigraphy

Cenozoic-aged geologic units were generally deposited in marine or fluvial environments that formed in
response to the cyclic rise and fall of the sea level. Cenozoic aged deposits generally thicken and dip gently
seaward. During the Quaternary period, glacial and post-glacial processes dramatically shaped the geology
of the area. Late Wisconsin glaciation is inferred to have advanced into the study area.

In descending order, the site is inferred to be underlain by Quaternary, Tertiary, Cretaceous, and Paleozoic
age strata. Table 4.1 and Figure 4-1b provides a summary of the stratigraphic units and geologic cross
section.

Recent — Marine Deposits. After the sea level rose and submerged the sound, the area transitioned into
the marine depositional environment that is present today. The marine deposits cover much of the seafloor
and are inferred to be comprised of sand to silty sand where moderate to strong currents are present and
silt to clay in deeper, quiet water areas.

Holocene age — Transgressive Deposits. In response to the melting of the Laurentide ice sheet, sea level
rose and the shoreline transgressed across the continental shelf. As the emergent sound transitioned into
a submerged environment, the Holocene age sediments were deposited onto the Late Pleistocene surface.
The transgressive deposits typically exhibit a fining-upward sequence that commonly consist of gravel and
basal sand deposits that transition into silt and clay. The materials may be interbedded or predominantly
sand or fine-grained. They are generally thicker where they infill locations of former drainages incised into
the Pleistocene surface.
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Pleistocene age — Glacial Drift Deposits. During the Pleistocene, glaciers advanced into the study area
and then retreated as they melted. This depositional environment resulted in a wide variety of materials that
were deposited. Glacial deposits underlying the site most likely include tills, moraine, and/or outwash
deposits (Veeger et. al, 1996). Seismically, the outwash or ice-contact stratified drift may be characterized
by flay-lying to gently dipping internal reflectors and by acoustically well-layered sequences (O’Hara and
Oldale, 1980). In contrast, some glacial moraine deposits may have a chaotic seismic character and with
numerous seismic diffractions associated with erratics.

Late Cretaceous/Tertiary age — Coastal Plain Deposits. Late Cretaceous to possibly Tertiary age
deposits that represent the seaward extension of the Atlantic Coastal Plain are inferred to overlie basement
bedrock. The Coastal Plain deposits are inferred to be primarily of marine origin with generally parallel beds
that dip gently seaward. Limited information is available about the physical properties of the Coastal Plain
deposits that underlie the survey area. However, they are inferred to be comprised of semi-consolidated to
unconsolidated sand, silt, clay and gravel deposits. The elevation of the surface of the Coastal Plain deposits
may be highly variable due to glacial and fluvial processes that occurred during the Tertiary-Pleistocene.

Bedrock. Consolidated sediments and crystalline bedrock in the region are inferred to be comprised of
Paleozoic and Proterozoic rock units. Metasedimentary, metavolcanic and plutonic rocks of Proterozoic and
early Paleozoic age outcrop along the southern Massachusetts coast and southeastern Rhode Island
(Quinn, 1971).
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Table 4.1 Geologic Units

© <
© 2 8 F ti Lithol
W 3 a ormation ithology
o w
Quiet-water Marine Recent marine deposits consisting mostly of fine-grained gray
Deposits (Qm) sands and some clay with some shell fragments.
% Marine Beach, Bar, and Recent marine deposits consisting of medium to coarse sand
8 Shoal Deposits (Qb) and minor amounts of gravel.
o
* Transgressive Fluvial and Fluvial sand, gravel, and fine-grained estuarine deposits. Sand
Estuarine Deposits (Qfe) and gravel are moderately well sorted.
Glacial drift is used to describe undifferentiated glacial
Glacial Drift (Qd) deposits that may include moraine, till, glacio-lacustrine, and
outwash deposits. Discrete units are described below:
Pleistocene age deposits consisting predominantly of sand,
Channel Infill and Tunnel gravel and lesser amounts of clay/silt. Tunnel Valley deposits
Valley Channel Deposits interpreted in the SFWF area are comprised of coarse, dense
(Qdo,) to very dense sands deposited by internal melting of overlying
glaciers; cobbles, gravels and boulders may be present
Pleistocene age outwash fan deposits are present in
. explorations near Long Island, New York. They are clean,
o Pl Proximal Outwash Fan . b
3 S Qo Deposits (Qdog) dense to very dense, cgarsg-gramed sands \_Nlth some gravel
S 5 I c lenses. Thickness of this unit increases as distance to the New
o © L ‘B York coast decreases.
O 3 R c
c K} 8
9_- 2 Pleistocene age outwash plain deposits are poorly to
9 = Outwash Plain Deposits moderately well stratified and underlie the Proximal outwash
=) (Qdoy) P fan deposits. Elsewhere this unit was mapped along the SFEC
! and within the SFWF. This unit generally consists of dense to
very-dense coarse-grained sands with gravel intermixed.
Pleistocene age terminal moraine deposits dominate the
SFWEF survey area. This deposit includes wide-spread
boulders of sizes varying from less than 1 meter to over 10
meters in diameter. The unit outcrops in the survey area as
Terminal Moraine well as near a section of the SFEC. Explorations conducted on
Deposits (Qdm) the moraine terminated shallowly as they encountered
hard/dense soils and possibly rock clasts. The moraine is
calculated to be about 20 to 30 meters thick in the SFWF, with
the thinnest sections underlying the Western and Central
Pleistocene channels.
. % S Remnants of previous glaciation are inferred to underlie the
g 8 S Glacial Drift site. The top of this unit is interpreted to be represented by a
ERE g (Undifferentiated) (Qd) prominent seismic reflector that is present throughout most of
g = the SFWF except where incised by fluvial process
Coastal plain and continental shelf sedimentary deposits
o @ inferred to be mostly Late Cretaceous age and to consist of
S 3 o Coastal Plain Deposits unconsolidated to semi-consolidated sand, gravel, silt, and
g S E (Ku) clay. Internal bedding is thought to be mostly continuous and
% ° flat-lying to gently seaward dipping. May include some Tertiary
O age deposits. Identified in seismic section as an erosional
unconformity.

Subsurface Conditions

Charts SFEC 1 through 9 and SFWF 9 and 10 present interpreted profiles integrating the geotechnical

explorations and geophysical data. Chart SFWF 7 presents the subsurface features mapped in the SFWF

study area. The description and distribution of the units are described below:
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Marine Deposits (deposited since the submergence of the site) are present throughout the SFWF Area
and SFEC Route. These deposits are composed predominantly of fine to medium-grain particle size
sediments of varying angularity. A thin veneer of marine deposits overlay moraine deposits within the SFWF
and SFEC areas. Seafloor bedforms (e.g. megaripples, ripples, etc.), comprise the uppermost portion of
marine deposit sequence.

Where present, marine sands range in thickness from less than 0.5 meters to approximately 2.5 meters
across the site. The thickest marine sands are present in the SFWF area and are present as megaripples.
CPT measurements indicate marine sands are typically medium to dense, but relative density may vary
greatly locally from loose to very dense sands.

Transgressive Sediments deposited as sea level rose and initially submerged the site often underlie the
marine sediments. They are inferred to have developed under two general depositional environments: (1)
fluvial systems that eroded, transported, and deposited underlying sandy glacial drift deposits, and (2)
fluvial-estuarine systems that deposited fine-grained deposits with sand and silt seams/layers that
developed as incised valleys and drainages transitioned to a calmer deeper-water environment. Channel
deposits in the SFWF predominantly reflect the reworking of coarse-grained sediments during glacial
advance and retreat. For example, CPT C-102 exhibits a typical channel infill sequence: decreasing material
density up column from a predominantly gravel matrix at the channel base to dense sand capped by marine
sediments with no preservation of an estuarine sequence. Geotechnical explorations in the SFWF and
SFEC encountered glacial infill deposits of variable thicknesses, with the thickest encountered sequence of
approximately 9 meters at CPT C-209. For reworked glacial sands with lenses of gravel, cone tip resistance
typically fluctuated significantly between 5 and 25 MPa which likely indicates interbedded deposits (e.g.
gravelly and sandy interlayers).

Estuarine sequences are better preserved in smaller channel branches that feed into the main drainage
system. One example is the tributary tested by CPT C-115. Cone tip resistance of this sounding is
interpreted to reveal the transition of a local drainage from high-energy fluvial environment that deposited
predominantly reworked medium dense to dense glacial sands (4 to 10 MPa) to a lower energy depositional
environment in which fine-grained sediments (with tip resistance of less than 3 MPa) were deposited. This
fining-upward sequence of the channel infill materials is consistent with the concept that fluvial systems
transitioned to lower energy (e.g. estuarine) systems as sea level rose and the shoreline transgressed
across the continental shelf. The pre-transgressive channel infill and transgressive deposits typically have
a lower relative density and higher fines content than the underlying glacial deposits.

Transgressive sediments and the overlying marine sediments represent all of the Holocene sediments
across the study areas (Charts SFEC 1 through 9 and SFWF 9 and 10). In the SFWF area the elevation of
the Holocene-Pleistocene (H-P) boundary ranges from -El. 30 meters to lower than El. -62 meters (Figure
4-2). The depth BSF to the H-P boundary within the SFWF area ranges from less than 1 meter (H-P
boundary exposed at the seafloor or very shallowly buried) to deeper than 28 meters (Figure 4-6). Along
the SFEC proposed route the elevation of the H-P boundary ranges from EI. -16 meters to lower than ElI. -
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57 meters (Figure 4-5). Holocene age sediments range in thickness from approximately less than 2 meters
to greater than 12 meters along the SFEC route (Figure 4-9).

Glacial Deposits are present throughout the entire SFWF and SFEC areas and are divided into three glacial
subunits primarily distinguished by the ratio of boulders to outwash sediments present: (1) a terminal
moraine, (2) a transitional moraine flank, and (3) an outwash plain/proximal fan from glacial melt processes.
The SFWF survey area is situated on a terminal moraine likely dating to the last glacial maximum (LGM)
approximately 18,000 years ago. This region had undergone a series of glacial advances and retreats prior
to the LGM, contributing to the geologic complexity of the region.

Boulders are present throughout the surface of the SFWF, indicating the extent of the terminal moraine (1).
The highest density of observed seafloor boulders is between the mapped extent of mapped tunnel channels
that undercut and drained glaciers. These ground conditions prevented deep penetration of geotechnical
explorations outside channel boundaries. Despite multiple attempts on all three 2017 cone penetration tests
planned on the moraine, no test penetrated more than 1 meter due to slope or tip threshold (greater than
25 MPa), indicating the presence of a subsurface boulder. All vibracores collected on the moraine
encountered shallow gravel. Gravel, cobbles, and boulders ranging in size from less than 1 meter to over
10 meters have been identified in the survey area. Moraine thickness was mapped on 2D multichannel and
single channel seismic data. The elevation of the top of moraine unit ranges from -30 meters to deeper than
-70 meters and the elevation of the bottom of the moraine unit (which also is represented by the top of the
coastal plain deposits) ranges from -45 meters to deeper than -145 meters (Figures 4-3 to 4-4). Depth BSF
to the top of the moraine unit ranges from less than 1 meter (exposed at the seafloor or very shallowly
buried) to deeper than 36 meters (Figure 4-7). Depth BSF to the base of the moraine unit (which also is
represented by the top of the coastal plain deposits) ranges from approximately 15 meters to deeper than
105 meters (Figure 4-8). The thickness of the glacial moraine unit locally ranges from less than 5 meters to
over 95 meters, but generally is between 20 meters to 30 meters thick (Figure 4-10).

The moraine flank (2) is a transition zone from the moraine present to the extensive outwash plain. As the
moraine tapers to the southeast the number of detectable surficial boulders decreases. The seafloor may
still have an abundance of boulders, cobbles, and gravel. CPT C-214 penetrated through more than 1.5
meters of marine sands and transgressive seafloor sediments before encountering a layer that increased
tip resistance to approximately 25 MPa — likely a glacial gravel. Nearby vibracore V-237 encountered gravel
at approximately 0.7 meters below seafloor.

The final glacial deposit encountered in the SFEC route is the outwash plain/proximal fan (3). The outwash
plain consists of dense to very dense sands of varying particle size with seams and lenses of fine gravels.
Outwash sand thickness is estimated to be greater than the penetration of the CPT and vibracore
explorations in this zone: CPT C-300 at 10.78 meters. All vibracores and CPTs in the outwash plain
terminated in this unit.

Boulders. Seafloor and subsurface boulders are a significant feature of the SFWF and SFEC areas.
Boulders were observed on the seafloor across a majority of the SFWF area and also portions of the SFEC
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route (Figure 3-2 and 4-11). The SFWF area and the easternmost portion of the SFEC corridor is located
on a terminal glacial moraine in a high boulder hazard area (Fugro, 2017a). The highest density areas of
observed seafloor boulders are located in the central portion of the SFWF area and from KP-0 to KP-13 and
KP-47 to KP-58 along the SFEC route.

Boulders are also inferred to be present in the subsurface based on observed diffractions in the seismic
data, and that numerous shallow refusals during the seabed CPT testing also suggests that buried cobbles
and boulders may be present. Diffractions present on or above the seafloor in the seismic data correspond
to mapped boulders identified on the bathymetry and SSS data (Figure 4-12). A review of the seismic
reflection data for diffractions suggest that the higher concentrations of subsurface boulders and cobbles
correspond approximately to the higher concentrations of seafloor boulders (Figure 4-11). Both the migrated
and unmigrated multichannel seismic data were scanned for diffractions (Figure 4-13). The unmigrated data
represents the preliminary stack where final corrections and processing have not yet been applied and is
generally more useful in identifying diffractions interpreted to represent subsurface boulders (Figures 4-13
and 4-14). The migrated data represent the stack where final corrections and processing have been applied
which collapses subsurface diffractions generally removing the evidence of subsurface boulders. It is difficult
to determine from the 2D seismic data the exact location of buried boulders. Thus, where a diffraction is
observed on a single line, it is difficult to discern whether the diffraction is related to an object directly
beneath the vessel (online) or a distance offset from the vessel track line (offline) (Figure 4-14).

In the SFWF area the elevation of the top of moraine unit ranges from -30 meters to deeper than -70 meters
and the elevation of the bottom of the moraine unit (which also is represented by the top of the coastal plain
deposits) ranges from -45 meters to deeper than -145 meters (Figures 4-5 to 4-7). The glacial moraine unit
or boulder zone is generally about 20 to 30 meters thick (Figures 4-10 and 4-11). The thickest portion of the
moraine unit is approximately 95 meters in the central portion of the SFWF area. (Figures 4-10 and 4-11).

Seafloor and subsurface boulders may create difficult conditions for driving piles. If a pile is overstressed
during the driving process when it encounters a boulder it may bend and/or warp the pile tip and may
increase the possibility of progressive collapse due to initial pile damage during installation.

Regional Geomorphology

The distribution of stratigraphic units, thicknesses, and seafloor geomorphology were used to delineate soil
provinces shown on Figure 4-15. The regional geomorphic zones for the SFEC areas are as follows:

Moraine

Moraine zone sediments are comprised predominantly of dense to very dense sand and gravel. Abundant
boulders and cobbles are observed across the seafloor in the SSS and MBES bathymetry data. Boulders
are the dominant feature on within the moraine zone and are generally most exposed between buried paleo-
channels in the central and western margin of the SFWF. Diffractions in the seismic data within the glacial
unit suggest abundant buried boulders may also be present. Boulders may extend from the seafloor up to
approximately 30 meters depth. Overall, moraine sediments vary from coarse sands to gravel, cobbles, and
boulders — some of which could be greater than 10 meters in diameter. Overlying marine and transgressive
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deposits can range from 0 (missing) to greater than 3 meters in these areas. The thicker overlying sediment
may mask the presence of boulders on the seafloor. This zone may present challenges when installing
piles and cables.

Moraine Flank

The moraine flank zone marks a transition between the boulder-dominant moraine to the glacial outwash
plain, where surficial boulders become less prevalent. In general, thicknesses of marine and transgressive
sediments are similar to those found in the moraine zone; however, dense glacial outwash sands begin to
accumulate in this zone. The thickness of the glacial outwash sands ranges from less than 1 meter to
approximately 2.5 meters depth. Exposed and buried boulders are still considered a significant hazard with
respect to cable routing and burial in this area.

Glacial Outwash Plain and Proximal Fan

The glacial outwash plain extends from the moraine flank near SFWF to the shore of Long Island, New
York. The USGS mapped a proximal outwash fan along the Long Island Coast in 1999 extending from the
shore landing of the SFEC at Beach Lane and terminating near Hither Hills (Foster et al., 1999). Mapping
conducted for this report indicates that glacial outwash extends beyond this initial mapped outwash fan,
approximately 20 km further to the northeast along the proposed SFEC route. (Figure 4-1a).

The glacial outwash plain and proximal fan zones are distinguished from other glacial units by a paucity of
boulders detected in SSS and MBES bathymetry. Despite a decrease in the density of surficial boulders in
this zone, boulders are likely still present in the subsurface.

The general thickness of marine deposits, transgressive sediments, and glacial outwash sands increase
with distance from the SFWF, except for a rocky outcrop area along the proposed cable route between KP-
47 and KP-58. The proposed SFEC route was deviated around this area to avoid the surficial boulders and
rocky outcrops and to improve the cable burial feasibility. Sediment is comprised predominantly of medium
to coarse-grained sands with soil density consistently in the dense to very-dense zonation.

Pleistocene Tunnel Valley Channel Complex

It is interpreted that tunnel valley channels formed beneath the terminal glacier lobes across the survey
area. These channels partly split the ice and eroded underlying strata to drain subglacial water (Hanson,
2000). It is inferred that the interpreted Pleistocene tunnel valleys discharged to the south, or down-glacier
under hydrostatic pressure. Comparable tunnel valleys have been identified on the north shore of Long
Island and show clear evidence of southward discharge while having northward dipping gradients (Mulch
and Hanson, 2005). This channel complex is easily identifiable in HRG seismic data in the SFWF area as
large valleys buried approximately 6 to 20 meters BSF. The base of this complex is characterized by a high-
amplitude reflector that corresponds to harder material composing the valley beds. The walls and base of
these channels likely contain reworked glacial material, including boulders, cobbles, and gravel pavement
i.e. dense material that would cause a high positive impedance contrast with overlying outwash sand infill.
Channel floor elevation may vary greatly within tunnel valleys, preserving drumlins, eskers, and transverse
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ridges. This undulating base is generally attributed to the water flowing under hydrostatic pressure in
enclosed conduits.

Three channels transect the SFWF survey area — the Western Channel, Central Channel, and Eastern
Channel. The Western Channel trends north-south and generally underlies the planned locations for the
western-most column of wind turbine generators. This is the smallest tunnel valley channel in the complex,
measuring approximately 800 meters across. Thickness of infilled sediment varies from approximately 4 to
30 meters. The southern extent of the Central Channel is divided into thin fingers approximately 100 to 300
meters wide. These fingers are shallow and only cut approximately 5 meters into the underlying strata. They
join to create a single channel (approximately 1,800 meters across) that incises to the underlying moraine
approximately 15 to 20 meters. Channel geomorphology changes again to the north of the SFWF as the
Central Channel splits into two fingers. The Eastern Channel exhibits a dramatically different morphology
than the other two. This Y-shaped channel system trends east-southeast to west-northwest with a separate
south-trending segment which trends towards the southern border of the SFWF Maximum Work Area (Chart
SFWEF 7). This tunnel valley formed over deformation within the underlying unit, which is inferred to have
been caused by glacial loading (Hanson, 2000). Compressional deformation thickened and folded the
underlying strata, while also creating a preferential pathway for subglacial water to drain. This preferential
drainage pattern formed the deepest and widest of the three channels. This channel cuts at an oblique angle
to the other two Pleistocene channels. Like the other two channels, channel bed morphology varies
significantly in the Eastern Channel, ranging from about 5 to 30 meters of sediment infill. However, the
Eastern Channel is generally straighter than the other two channels, likely due to a flow constraint caused
by deformation. It is the widest channel in the tunnel valley channel complex, measuring approximately
2,300 meters wide and contains a southward branching segment.

Pleistocene channel complexes are identified along the SFEC route between the following KPs: KP-14 and
KP-39, KP-43 and KP-54, and finally KP-77 and KP-80.

Holocene Channel Complex

A second generation of channels formed post-glaciation as sea-level began to rise. These fluvial channels
are filled with re-worked glacial sands and capped by younger marine sediments. Generally, these channels
formed in the same locations as the older Pleistocene (Generation 1) channels; however, the drainage
direction reversed as glaciers retreated, with a gradient indicating northward flow. Compared to the
Pleistocene-aged complex, Holocene-aged channels are narrower and generally contain less than 10
meters of sediment. The Western and Central Channels in the SFWF span approximately 400 to 500 and
500 to 800 meters, respectively. Morphology of the Holocene Eastern Channel is drastically different than
the underlying Pleistocene-aged channel. The channel branches from a single segment approximately
1,000 meters wide into two smaller segments to the southeast. Each branch measures about 300 meters.

The largest Holocene channel zones are identified along the SFEC route between the following KPs: KP-
14 and KP-23, KP-27 and KP-30, KP-33 and KP-47, and finally KP-71 and KP-79.
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5.2

GROUND MODEL AND SOIL ZONES

Variability of Ground Conditions

The seafloor and subsurface conditions in the SFWF and SFEC areas are complex. Although the SFWF
area is only approximately 12 km by 7 km in size, the SFEC corridor is approximately 100-km long. Given
the size of the site, complicated stratigraphy, and the amount of data available, the local averages or trends
of the data and properties in some areas of the site differ from the global averages and trends. We therefore
have included plots intended to identify and evaluate possible trends in the engineering properties.

Spatial Variability

The presence and thickness of geologic strata vary across the SFWF and SFEC areas. Based on geologic
variation and trends across and beneath the site, the site was sub-divided into sub-areas or zones as shown
in Figure 4-15a and 4-15b. Subsurface profiles of the SFWF with both geotechnical and geophysical data
are shown in Figures 4-16a through 4-16i. Graphs of engineering properties derived from in situ and
laboratory testing are presented for respected soil zones in Section 6 figures. Those soil zones (or soil
provinces) for the SFEC and SFWF are described in Sections 5.2 and 5.3, resp

Vertical Variability

The primary stratigraphic/geologic units in the project area are described in Sections 3 and 4. Where
relevant, the plots of data and properties are color coded by stratigraphic unit and data type. The
stratigraphic units are presented based on those defined in Section 4. Soil parameter graphs are further
subdivided to present appropriate material types for the respective property being summarized (e.g. fine-
grained soils displayed for undrained shear strength graphs). A key to the color coding is included on each
relevant plot.

Vertical variability of the stratigraphic unit boundaries is presented on the following figures:

Schematic cross section illustrating their vertical relationships: Figure 4-1b

Elevation (relative to MLLW) of the unit boundary: Figures 4-2 through 4-5

Depth below seafloor to the unit boundary: Figures 4-6 through 4.9

Isopach (thickness) of each unit: Figures 4-10

Cross sections with geotechnical data and unit boundaries delineated: Figure 4-16a through 4-16i

A description of each soil zone, stratigraphic unit thickness, depths below seafloor and elevation, and
material types within each stratigraphic unit is described in Sections 5.2 and 5.3.

SFEC Soil Zones

m  Channel Sequence — Fine-Grained or Interbedded Channel Fill: Sites generally with thin layer of marine
deposits overlying a paleochannel body comprised predominantly of fine-grained or interbedded fine-
and coarse-grained deposits.

m  Channel Sequence — Coarse-grained Channel Fill: Sites generally with thin layer of marine deposits
overlying a paleochannel body comprised predominantly of coarse-grained deposits.
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m  Outwash Plain — Sites generally with thin layer of marine deposits overlying a dense to very dense
glacial outwash deposits.

m  Moraine — Sites located on a moraine or flank of a moraine underlain with dense to very dense sand
and gravel deposits and may be contain boulders. Marine deposits may be thin or absent.

SFWF Soil Zones

Soil Zone A

Soil Zone A comprises approximately 57 percent of the SFWF area (Figure 4-15b) and water depths range
from 27 to 43 meters (MLLW) in this zone. Surficial deposits in this zone are characterized as thin to non-
existent surficial marine deposits (Qm) underlain by glacial moraine (Qdm/Qdo+) and boulder deposits near
or at the seafloor. Very little paleo-channeling is present within Zone A and the Coastal Plain Deposits are
interpreted to be very shallow and typically within 25 to 30 meters of the seafloor. We interpret from the
geophysical data that boulders are present on the seafloor and in the subsurface.

Based on geotechnical data within Zone A, surficial marine deposits consist of fine to coarse sand with a
trace of fines and organics. Immediately beneath the thin layer (1 meter or less) of marine deposits, boulders
and cobble sized particles are interpreted be present as described in the B-OSS boring log (GZA, 2018).
The boring log indicates that boulders and cobbles alternate with fine-grained deposits (lean clays and low-
plasticity silts with gravel/cobbles) which is a sequence we would expect to be present in moraine deposits.
We interpret a similar interlayered character in the moraine deposits encountered in CPT explorations C-
WTG-15, C-WTG-17, and C-WTG-18 located on the eastern side of the SFWF (Figures 4-16¢ and 4-16d).
CPT tip resistances range from 30 to 50 MPa in these dense coarse-grained layers within the moraine
deposits. Interpreted undrained shear strengths from CPT data within the fine-grained layers are typically
70 to 200 kPa (Figure 7-4b).

Seismic data in Zone A shows seismic diffractions interpreted to be related to subsurface boulders and the
density of these seismic diffractions corresponds to surface boulder density (e.g. areas with a higher
occurrence of seismic diffractions coincide with areas of higher number of seafloor boulders). Seismic
diffractions interpreted to be present above and below seismic horizon H40 (an internal reflector within the
glacial deposits within the SFWF). Figure 4-16a shows the difference in subsurface boulder density
between the upper moraine deposits (Qdm) and the lower moraine/outwash deposits (Qdo1). The thickness
of glacial deposits within Zone A ranges from 20 to 30 meters.

The interpreted top of the Coastal Plain Deposits (CPD) is estimated to be 25 to 30 meters below the
seafloor within Zone A. In the multi-channel seismic data, the top of the CPD is a prominent reflector (H50)
and also represents the interpreted base of the glacial deposits. We interpret from the borehole logs that
the CPD unit is comprised of alternating layers of sand and clay. Undrained shear strength results from
laboratory tests and manual tests (e.g. torvane) within the clay layers generally range from approximately
150 to 200 kPa (Figure 7-4b). Table 5.1 provides a summary of the thicknesses for the respective
stratigraphic units in Zone A.

Table 5.1 SFWF Zone A Stratigraphic Units

Fugro Report No. 02.1803-1431-02 Page 34 of 61



-I"uann
SOUTH FORK WIND, LLC

INTEGRATED SITE CHARACTERIZATION REPORT

5.3.2

. . . . . Range of Unit
Unit Stratigraphic Unit Inferred Material Thickness (m)
1 Recent M(aQn:qe); Deposits Fine silty sand with shell fragments Oto2
5 Glacial Moraine Deposits Abundant boulders within a dense 1210 15
(Qdm) sand layer, with silt and clay
3 Glacial Outwash/Moraine Poorly-graded sand with silt and 12t0 15
Deposits (Qdo1) gravel/cobbles
4 Coastal Plain Deposits Alternating layers of dense/very dense 60 to 150°
(CPD) sand and very stiff to hard clay and silt

a = Explorations did not penetrate to the bottom of the CPD. Value indicates approximate maximum

depth encountered by the explorations

Soil Zone B

Soil Zone B comprises approximately 27 percent of the SFWF area (Figure 4-15b) and water depths range
from approximately 30 to 44 meters (MLLW). Zone B trends east-southeast to west-northwest through the
SFWF and is coincident with the deformation zone shown on Figure 4-4. Surficial materials are comprised
of marine deposits and sparse seafloor boulders in most of the zone. However, patches of seafloor boulders
have been mapped along the margins of this zone (Figure 4-15b). Holocene and Pleistocene channel infill
sequences interpreted to be up to 35 meters thick are underlain by very thick glacial deposits (moraine and
outwash), which can be up to more than 90 meters thick in the deepest portions of this zone.

Based on geotechnical data within Zone B, surficial marine deposits generally consist of fine to coarse sand
with a trace of fines and organics. Holocene and Pleistocene channel infill deposits encountered by the
geotechnical explorations are predominantly coarse-grained, except for CPTs C-WTG-10 and C-WTG-11,
which are interpreted to have encountered clay and silt deposits within the Pleistocene channel infill
deposits.

Glacial deposits within Zone B are interpreted to very thick and up to 90 meters thick in the deeper portions
of the paleochannel which is thought to be filled with glacial outwash (Qdo1) deposits. Zone B is interpreted
to have the thickest sequence of glacial deposits of the SFWF soil province zones. Exploration log from
Boring B-11/B-11A describes a glacial sequence encountered that is predominantly comprised of sand,
gravel, and cobbles. However, other geotechnical explorations are interpreted to have encountered fine-
grained layers in interpreted glacial deposits that may represent channel infill deposits or possible glacio-
lacustrine deposits. We interpret that those fine-grained channel infill or glacio-lacustrine deposits are pre-
Wisconsin age. Exploration log from Boring B-10 describes encountering an approximately 25-meter thick
layer of clay (Figure 4-16b) with undrained shear strengths that range from approximately 50 to 150 kPa.
CPT C-WTG-16 on the eastern end of the SFWF (Figure 4-16b) encountered materials interpreted to be
both coarse and fine-grained materials within the outwash deposits (Qdo). Tip resistances in C-WTG-16
ranged from approximately 15 to 25 MPa and undrained shear strengths are typically between about 40 to
50 kPa, which are comparable to lab test results reported from Boring B-10 at similar depths (Figure 7-4c).

The interpreted top of the Coastal Plain Deposits (CPD) in Zone B is interpreted to be typically 80 to 90
meters below the seafloor and the deepest of the all the zones. Only one exploration, boring B-10
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encountered the top of the CPD in Zone B. Alternating layers of sand and clay were found, similar to the
CPD in other zones. Table 5.1 provides a summary of the thicknesses for the respective stratigraphic units
interpreted in SFWF Soil Zone B.

Table 5.2 SFWF Zone B Stratigraphic Units

Unit Stratigraphic Unit Inferred Material '?r?igaﬁ:sfsu(mt)
1 Recent l\(/lg;r;e Sands Fine silty sand with shell fragments Oto2
2 Holocene Channels (Qfec) Sand and gravel 6 to15
Pleistocene Channels .

3 (Qdozc/Qalzr) Sand, gravel, clay, and silt 4t08

4 Glacial Moraine Deposits Sand, gravel, and boulders 10 to12
(Qdm)

Glacial Outwash/Moraine .

5 Deposits (Qdo1) Sand, gravel, and some thick layers of clay 40 to 80

6 Coastal Plain Deposits Dense sands, silts, and clays 60 to 150
(CPD)

Soil Zone C

Soil Zone C comprises approximately 16 percent of the SFWF area (Figure 4-15b) and water depths range
from 30 to 37 meters (MLLW). Seafloor boulders are interpreted to be very sparse surface boulders within
this zone. Zone C is characterized by a thin layer of marine deposits overlying a thick Holocene and
Pleistocene channel infill sequence. The Holocene and Pleistocene channel infill sequence is up to
approximately 20 to 35 meters thick in the deepest sections. Zone C consists of three different areas: a
western channel that trends north-south, a central channel that trends north-south, and an eastern channel
system in the southeastern portion of the SFWF as shown on Figure 4-15b. Sub-zone C2 is designated
based on a much thicker interpreted section of channel deposits that are interpreted to contain fine-grained
deposits and possibly organic clays based on geotechnical information and the seismic stratigraphic
character.

The variation between the eastern, central, and western channels within Zone C can be seen in Figures 4-
16b and 4-16d. The eastern-most channel is interpreted to be predominantly infilled with coarse-grained
sand, gravel, and cobbles. A small portion of the eastern channel is interpreted to contain fine-grained
deposits based on seismic stratigraphic character and has been designated as Zone C2 on Figure 4-15b.
The central channel infill material is interpreted to contain predominantly sand and gravel, but Zone C2 in
the central channel is interpreted to potentially contain thick layers of clay and organic material. The
character of the seismic data in Zone C2 also displays possible shallow gas in the channel infill sequence
which indicate the potential presence of deposits with decaying organics. The western channel deposits
are also interpreted to contain sand and gravel deposits, although only one location in the western channel
of Zone C was sampled with a vibracore and CPT. The CPT tip resistance in this location ranged from
approximately 30 to 40 MPa.
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Glacial deposits in Zone C are relatively thin (5 to 20 meters thick, Figure 4-10). Seismic diffractions,
potentially related to boulders, appear to be less abundant in the glacial layers within Zone C.

The top of the CPD within Zone C is interpreted to be slightly deeper than in Zone A, up to 40 meters BSF
(Figure 4-16b). The engineering properties of the CPD within Zone C are likely similar to those in Zone A.
Table 5.1 provides a summary of the thicknesses for the respective stratigraphic units interpreted in SFWF

Soil Zone C.
Table 5.3 SFWF Zone C Stratigraphic Units
. . . . . Range of Unit
Unit Stratigraphic Unit Inferred Material Thickness (m)
1 Recent Marine Sands (Qm) Fine silty sand with shell fragments Oto2
2 Holocene Channeling (Qfec) Sand and gravel 5to15
Pleistocene Channels .
3 (Qdozc/Qdoz) Sand, gravel, clay, and organic clays 51010
. . . Abundant Boulders within a dense
4 Glacial Moraine Deposits (Qdm) sand, with silt and clay Oto5
5 Glacial Outwash/Moraine Poorly-graded sand with silt and 51010
Deposits (Qdo1) gravel/cobbles
6 Coastal Plain Deposits (CPD) Dense sands, silts, and clays 6 to-150
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SOIL CLASSIFICATION AND ENGINEERING PROPERTIES

Overview

This section presents the measured and predicted geotechnical parameters for the stratigraphic units
interpreted to be present within the SFWF and SFEC areas of interest. The geotechnical parameters have
been selected based on interpretation and integration with Fugro’s shallow geotechnical data from
vibracores and CPTs, and GZA’s 5 deep geotechnical boring locations performed in the SFWF area.

Recommended representative geotechnical parameters for each of the soil zones are presented in this
section. These were developed using both measured laboratory and CPT data. The laboratory testing
program was developed based on the type of material sampled and type of sampling methodology utilized
to collect samples. Coarse-grained sediments were the predominant material type encountered during
investigation. Vibracores advance the core barrel by vibratory methods which causes sample disturbance.
Therefore, the laboratory testing program was developed accordingly as discussed in the following sections.

It should be noted that only a limited number of soil laboratory testing has been performed, and a number
of parameters presented in this report are based on empirical correlations that may not be applicable for
this region; therefore, the extrapolated values should be used with caution.

The soil was classified in accordance with ASTM Standard Test Method D 2487, which is based on the
Unified Soil Classification System (USCS). The index testing used for classification of the soil samples
included moisture content, unit weight, grain size distribution, and Atterberg limits. The results of these
tests are tabulated in the Summary of Laboratory Test Results (Figure 6-1 through 6-6).

Plasticity

The plastic and liquid limits, collectively termed the Atterberg limits, were measured on fine-grained
sediment samples collected during our exploration program. Atterberg limits of fine-grained soil are used
for soil classification and as important indicators of soil behavior. In addition, Atterberg limits have been
correlated to many important engineering soil properties.

The plastic limit (PL) and liquid limits (LL) were performed in general accordance with ASTM Standard Test
Method D 4318. The wet preparation method was used. The Atterberg Limit test results, categorized by
stratigraphic unit, are summarized on Figure 6-1. Very few fine-grained soil locations were encountered by
the explorations. Fine-grained deposits were encountered as channel infill materials.

The majority of fine-grained samples plot above the A-line and are therefore classified as lean clay and fat
clay. Most results have an LL that are about 50 indicating that the fine-grained sediments are primarily lean
to fat clay with moderate plasticity. Table 6.1 summarizes the number of samples that were characterized
as lean clay, fat clay, silt, and silty clay.
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Table 6.1: Atterberg Limit Classification Summary

Number of Samples Categorized As
Stratigraphic Units Lean Fat Elasst!::t Silt, Non-
Clay Clay or Siltly ,Clay Plastic

Soil Zone A
Recent Marine Deposits (Qm) 0 0 1 0
Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 1 0 1 0
Transgressive/Glacial Channel Fill Fine-grained (Qfer / Qdozr) 2 0 1 0
Glacial Outwash (Qdo1) 0 0 0 0
Glacial Moraine (Qdm) 2 0 0 0
Coastal Plain Deposits (CPD) 1 0 0 0

Soil Zone B
Recent Marine Deposits (Qm) 0 0 0 0
Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 0 0 0 0
Transgressive/Glacial Channel Fill Fine-grained (Qfefr / Qdozr) 0 0 1 0
Glacial Outwash (Qdo1) 0 0 0 0
Glacial Moraine (Qdm) 5 3 0 0
Coastal Plain Deposits (CPD) 0 0 2 0

Soil Zone C
Recent Marine Deposits (Qm) 0 0 0 0
Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 0 0 0 0
Transgressive/Glacial Channel Fill Fine-grained (Qfer / Qdozr) 1 0 1 0
Glacial Outwash (Qdo1) 0 0 0 0
Glacial Moraine (Qdm) 5 0 0 0
Coastal Plain Deposits (CPD) 4 0 1 0

Export Cable Route Soil Zones

Channel Sequence — Coarse 0 0 0 0
Channel Sequence — Fine/Interbedded 4 0 0 1
Moraine 0 0 0 0
Outwash Plain 0 0 0 0

6.3

Most of the fine-grained samples recovered are interpreted to be Holocene channel infill deposits (Qfer) and
appear to be predominantly fat clay with moderate plasticity. However, due to the small number of samples,
a statistical summary of the data is not warranted.

Grain Size

The gradation characteristics of selected samples were estimated in general accordance with the sieve and
hydrometer procedures of ASTM Standard Test Method D422. In general, sieve analyses (for sizes greater
than the No. 200 sieve) were performed on primarily coarse-grained material (sand or gravel). Grain size
characteristics of sediments are of fundamental importance to all engineering properties and behaviors.
Grain size distribution curves for all samples tested are presented by soil zone and stratigraphic unit on
Figure 6-2. The full grain size distribution curves are presented in our Factual Geotechnical Data Report
(Fugro 2019). Profiles of fines content and median grain size (D50) are presented on Figures 6-3 and 6-4,
respectively.
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6.3.1

Coarse-Grained Sediments

Coarse-grained sediments were the predominate sediment type encountered in the SFEC and SFWF areas
and are predominantly dense to very dense. The grain size of these sediments generally varied from fine
to coarse sand size particles. Fine-to coarse-grained gravels were sampled in the vibracores. Up to cobble
sized particles are present in the boulder areas.

The laboratory tests performed on the coarse-grained samples indicated a wide range of fines content
ranging from approximately 2 to 45 percent. Marine sands, Quaternary coarse-grained alluvium, and glacial
outwash deposits exhibited exceptionally low fines content and many samples had less than 5 percent fines.
Coarse-grained samples with low percent fines were typically classified as poorly-graded fine to medium
sand, whereas samples with higher percentages of fines were typically classified as silty fine to medium
To classify coarse-grained sediments in
accordance with the USCS, when applicable the coefficient of gradation (Cc), and coefficient of uniformity

sand. A few samples are classified as clayey fine sand.
(Cu) were calculated from each gradation curve. Combined, Cc and Cu are used to distinguish gravel- and
sand-size particles. Further, D50 is used as an indication of whether median size falls within the gravel,
coarse, medium or fine sand. For surface soils, D50 is linked to scour susceptibility and cable jet-trenching
feasibility. Figure 6-5 summarizes the D50 values with depth for the different geologic units.

The information extracted from the grain size distribution curves was used to summarize the grain size
properties of each stratigraphic unit. A summary of these properties is presented in Table 6.2

Table 6.2: Summary of Sediment Grain Size

Fines Content | Fines Content | Median Grain | Coefficient of Uniformity
Stratigraphic Units (% Passing (CPT Size, Dso Gradation Coefficient
#200 Sieve), Correlation), (mm), Mean (Cc), Mean (Cu), Mean
Mean (o)'2 Mean (o)’ (o)? (o)? (o)?
Soil Zone A
Recent Marine Deposits
(Qm) 10 (16) 4 (7) 0.5(0.4) 1.2(1.3) 21 (32)
Transgressive/Glacial
Channel Fill Coarse-
grained (Qfec / Qdozc) 24 (27) 0.8 (1.9) 0.5(0.4) 0.9 (0.6) 20 (28)
Transgressive/Glacial
Channel Fill Fine-grained
(Qfer / Qdozr) 48 (34) 15 (11) 0.2 (0.3) 1.2 (0.3) 17 (12)
Glacial Outwash (Qdo1) NE NE NE 1.19 NE
Glacial Moraine (Qdm) 29 (27) 13 (16) 0.2 (0.3) NE 25
Coastal Plain Deposits
(CPD) 4 (3) 3(1) 0.7 (0.3) 1.1(0.1) 2.7 (0.8)
Soil Zone B
Recent Marine Deposits
(Qm) 1.5(0.7) 4 (7) 0.4 (0.2) 1(0.1) 2.3(0.77)
Transgressive/Glacial
Channel Fill Coarse-
grained (Qfec / Qdozc) 3(6) 2 (3) 0.4 (0.2) 0.9 (0.2) 8.2 (21)
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6.3.2

6.4
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Fines Content | Fines Content | Median Grain | Coefficient of Uniformity
Stratigraphic Units (% Passing (CPT Size, Dso Gradation Coefficient
grap #200 Sieve), Correlation), (mm), Mean (Cc), Mean (Cu), Mean
Mean (o)'2 Mean (o)’ (o)? (o)? (o)?
Transgressive/Glacial
Channel Fill Fine-grained
(Qfer / Qdozr) 58 48 (21) NE NE 13.2*
Glacial Outwash (Qdo+) NE NE NE 0.8 (0.2) NE
Glacial Moraine (Qdm) 8 (15) 9 (15) 1(1.2) - 13 (26)
Coastal Plain Deposits
(CPD) 501) NE 0.4 (0.01) 2.7 (1.5) 31 (28)
Soil Zone C
Recent Marine Deposits
(Qm) 8 (14) 7(12) 0.4 (0.2) 0.9 (0.2) 2.7 (1.3)
Transgressive/Glacial
Channel Fill Coarse-
grained (Qfec / Qdozc) 3(2) 5(7) 0.7 (1.1) 0.9 (0.1) 3.4 (3.6)
Transgressive/Glacial
Channel Fill Fine-grained
(Qfer / Qdozr) 20 (18) 12 (11) 3.1* 2* 10.5*
Glacial Outwash (Qdo1) NE 0.4 (0.4) NE NE NE
Glacial Moraine (Qdm) 14 (26) 0.6 (2) 0.6 (0.7) 0.9 (0.2) 4.1(3.8)
Coastal Plain Deposits
(CPD) 18 (13) NE 1.1(1.2) 1.8 (1.9) 6 (5.2)
Export Cable Route Soil Zones
Channel Sequence — .
Coarse 16 (14) 5(7) 0.55 (0.74) 0.89 (0.15) 6.3 (¥)
Channel Sequence — .
Fine/Interbedded 75 (%) 36 (13) 0.56 (1.05) NE NE
Moraine 7 (15) 14 (24) 0.23 (0.22) 0.97 (0.54) 11 (28)
OQutwash Plain 4 (5) 5(8) No Data 0.99 (0.19) 2.7 (1.4)

1 o = standard deviation, 2 = fine content based on laboratory test, NE = Not encountered, * = Insufficient number of

data points to determine standard deviation.

Fine-Grained Sediments

Fine-grained sediments were encountered infrequently in the exploration program. Vibracores and CPT

tests identified thin layers except where channel infill deposits comprised the thickest intervals. Table 6.2

provides a summary of the grain size distribution in fine-grained units.

Specific Gravity

The specific gravity is a fundamental property that is defined as the unit weight of a substance (e.g. clay,

sand) divided by the unit weight of water at 4 degrees Celsius. Several specific gravity tests were performed
on samples collected along the SFEC corridor and in the SFWF area. Figure 6.5, which presents the specific
gravity profile, indicates that the data falls within the expected range for typical soils (approximately 2.65 to

2.7).

Table 6.3 provides a summary of the specific gravity test results.
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6.5

Table 6.3: Summary of Specific Gravity

Stratigraphic Unit Specific Gravity, (g/cm?) (o)’
Recent Marine Deposits (Qm) 2.68 (0.01)
Transgressive/Glacial Channel Fill Coarse-

grainegii (Qfec / Qdozc) 2.67 (0.004)
Transgressive/Glacial Channel Fill Fine- 27

grained (Qfer/ Qdozr)

Glacial Outwash (Qdo1) 2.69

Glacial Moraine (Qdm) 2.68

Coastal Plain Deposits (CPD) NE

' g = standard deviation
NE = not encountered

Water Content

Water content (moisture content) is a fundamental soil property and for saturated sediments is indicative of
in-situ void ratio, unit weight, compressibility, plasticity, etc. Water contents were measured in general
accordance with ASTM Standard Test Method D 2937. Water content measurements were performed on
samples from the vibracores. Moisture content measurements were determined from oven-dried samples
at approximately 230°F (110°C).

A significant number of water content results from the coarse-grained samples, in general, appear to be
lower than are typical for this type of material. We believe this is due to the disturbance of the soil core that
inherently occurs during vibracoring and the exceptionally low fines content of coarse-grained deposits at
this site. Water content values from fine-grained samples appear to be reasonable values. Water content
values are summarized in Figures 7-5a and 7-5b. Table 6.4 provides a summary of water contents test
results. As expected, fine grained sediments demonstrated higher in situ moisture contents for all
stratigraphic units.

Fugro Report No. 02.1803-1431-02 Page 42 of 61



'l'-llGRD
SOUTH FORK WIND, LLC

INTEGRATED SITE CHARACTERIZATION REPORT

6.6

Table 6.4: Summary of Water Content

Stratigraphic Units Water Content (%), (0)1
Soil Zone A
Recent Marine Deposits (Qm) 18 (8)
Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 13 (1)
Transgressive/Glacial Channel Fill Fine-grained (Qfef / Qdozr) 15 (1)
Glacial Outwash (Qdo1) NE
Glacial Moraine (Qdm) 18 (8)
Coastal Plain Deposits (CPD) 28 (7)
Soil Zone B
Recent Marine Deposits (Qm) 17 (5)
Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 17 (3)
Transgressive/Glacial Channel Fill Fine-grained (Qfer / Qdozr) 25
Glacial Outwash (Qdo1) NE
Glacial Moraine (Qdm) 29 (11)
Coastal Plain Deposits (CPD) 26 (6)
Soil Zone C
Recent Marine Deposits (Qm) 16 (5)
Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 19 (8)
Transgressive/Glacial Channel Fill Fine-grained (Qfefr / Qdozr) 37 (13)
Glacial Outwash (Qdo1) NE
Glacial Moraine (Qdm) 25(7)
Coastal Plain Deposits (CPD) 25 (1)
Export Cable Route Soil Zones
Recent Marine Deposits (Qm) 12 (5)
Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 14 (7)
Transgressive/Glacial Channel Fill Fine-grained (Qfer / Qdozr) 29 (14)
Glacial Outwash (Qdo1) 9 (5)
Glacial Moraine (Qdm) NE
' 0 = standard deviation
NE = Not encountered
* = Insufficient number of data points to determine standard deviation.

Unit Weight (Density)

Relatively undisturbed sample (e.g. thin-walled Shelby tubs, piston samples, etc.) collected using drilling
techniques provide the best means of measuring soil unit weights. However, since drilling was not
conducted as part of this program, we estimated soil unit weights using vibracore samples and CPT data.
Due to the inherently disturbed natured of vibracore samples, limited laboratory tests were conducted
primarily on fine-grained deposits that were deemed to stay intact during sampling and extraction from the
vibracore liner. Laboratory tests for unit weight of the soils were performed in general accordance with
ASTM Standard Test Method D 2937.

Fugro Report No. 02.1803-1431-02 Page 43 of 61



-l"uann
SOUTH FORK WIND, LLC

INTEGRATED SITE CHARACTERIZATION REPORT

CPT in situ test results were used to estimate soil unit weight based on the following relationship (Robertson,
2010):

vhyw = 0.27 [log Rf] + 0.36 [log(qt/pa)] +1.236
Where: Rt = friction ratio = (fs/qt)100%
yw = unit weight of water in same units as y
Pa = atmospheric pressure in same units as qt
Unit weight data provide a basis for many geotechnical analyses and evaluations including pile design,
liquefaction evaluations, and drivability analyses. A summary of the results is shown in Figure 6-6. A

summary of unit weights for the fine-grained sediments is presented in Table 6.5.

Table 6.5: Summary of Unit Weight

Unit Weight (kN/m3)
Stratigraphic Units Fine-Grained Mean (o)’ ‘ Coarse-Grained Mean (o)*
SFWF
Recent Marine Deposits (Qm) NE 19*
Transgressivg/GIaciaI Channel Fill Coarse- NE
grained (Qfec / Qdozc) 18.8*
Transgressive/Glacial Channel Fill Fine-grained 19.7 (1.4) X
(Qfef / Qdozr) 21.7
Glacial Outwash (Qdo1) NE 16.6 (1.3)
Glacial Moraine (Qdm) 18.2 (1) 20.8 (0.8)
Coastal Plain Deposits (CPD) 19.6 (0.5) 17.2 (0.6)

Export Cable Route Soil Zones
Recent Marine Deposits (Qm) 17.6 (2) 14.8 (0.9)
Transgressive/Glacial Channel Fill Coarse-

grained (Qfec / Qdozc) 17.4(1.8) 16.5(14)
Transgressive/Glacial Channel Fill Fine-grained
(Qfer / Qdoa) 16.1 (0.9) 15.3 (1.2)
Glacial Outwash (Qdo+) 18 (1.2) 19.2 (0.9)
Glacial Moraine (Qdm) 18.9* 19.5(0.4)
Coastal Plain Deposits (CPD) NE NE

1 ¢ = standard deviation, * = not enough data for standard deviation, NE = Not Encountered
Soil unit weight is estimated from CPT data using Robertson (2010).

Soil unit weight for glacial outwash and moraine deposits are the highest values. Channel infill deposits
represent the stratigraphic unit with the second highest value. Marine deposits, which comprise the seafloor
deposits in much of the area and are inferred to be the youngest in age, have the lowest unit weight values.

6.6.1 Relative Density

In relatively clean sands, it is common practice to assess the Dr from in situ test data. Dr is defined as the
ratio of the difference between the maximum void ratio and the in-situ void ratio to the difference between

Fugro Report No. 02.1803-1431-02 Page 44 of 61



-I"uann
SOUTH FORK WIND, LLC

INTEGRATED SITE CHARACTERIZATION REPORT

the maximum and minimum void ratios. Relative density is a useful parameter in providing guidance with
respect to estimating the frictional characteristic of coarse-grained soil and is indicative of a soil's resistance
to settlement and soil resistance to pile driving. The in situ relative density can exceed 100 percent, when
the deposition and stress history creates a denser assemblage of soil particles than is achieved in the
laboratory test method to determine maximum density.

There are a number of published correlations developed from large-scale chamber tests that use CPT data
to derive Dr. In clean sands Mayne (2007) and Jamiolkowski et al. (2001) present a relationship based on
cone tip resistance from in situ CPT data.

q:
D, =100 x |0.268 x In [ —22m_ | _ 0,675

Oyo
Oatm

Where: Dr = relative density
6,0 = effective vertical (overburden) stress
O.tm = atmospheric pressure
qt = total cone resistance

Figure 7-1 presents a summary of cone tip resistance measurements and Figure 7-2 presents a summary

of the relative density for coarse-grained deposits in the SFWF and SFEC areas. Table 6.6 and Table 6.7
provide summaries of interpreted relative density for stratigraphic units in the respective soil zones.

Fugro Report No. 02.1803-1431-02 Page 45 of 61



'l'-llGRD
SOUTH FORK WIND, LLC

INTEGRATED SITE CHARACTERIZATION REPORT

Table 6.6: Summary of Relative Density Estimated from SFWF CPT Data

Stratigraphic Units (SFWF) Relative Density (%), (o)

Soil Zone A

Recent Marine Deposits (Qm) 77 (23)

Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 87 (15)

Transgressive/Glacial Channel Fill Fine-grained (Qfef / Qdozr) 62 (16)

Glacial Outwash (Qdo1) NE

Glacial Moraine (Qdm) 78 (18)

Coastal Plain Deposits (CPD) 87 (7)
Soil Zone B

Recent Marine Deposits (Qm) 70 (27)

Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 88 (15)

Transgressive/Glacial Channel Fill Fine-grained (Qfer / Qdozr) 47 (17)

Glacial Outwash (Qdo1) NE

Glacial Moraine (Qdm) 70 (27)

Coastal Plain Deposits (CPD) NE
Soil Zone C

Recent Marine Deposits (Qm) 56 (26)

Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 75 (17)

Transgressive/Glacial Channel Fill Fine-grained (Qfefr / Qdozr) 58 (21)

Glacial Outwash (Qdo1) 91 (8)

Glacial Moraine (Qdm) 91 (14)

Coastal Plain Deposits (CPD) NE

' ¢ = standard deviation

NE = Not encountered

Relative density estimated from CPT data using Mayne (2007) and Jamiolkowski et al. (2001).

Table 6.7: Summary of Relative Density Estimated from SFEC CPT Data

Relative Density (%), (o)’
. . . Channel
Stratigraphic Units (SFEC) Channel Sequence (Fine _ Outwash
Sequence (Coarse - Moraine .
. Grained/Interbed Plain
Grained)
ded)

Recent Marine Deposits (Qm) 40 (19) 43 (22) 93 (7) 40 (21)
Transgressive/Glacial Channel
Fill Coarse-grained (Qfec / 56 (19) 88 (12) 68 (15) 51 (25)
QdOZc)
Transgressive/Glacial Channel
Fill Fine-grained (Qfer / Qdozr) NE 26 (18) NE NE
Glacial Outwash (Qdo1) 85 (11) 62 (17) NE 82 (12)
Glacial Moraine (Qdm) NE NE 93 (7) NE
' ¢ = standard deviation
NE = Not encountered
Relative density estimated from CPT data using Mayne (2007) and Jamiolkowski et al. (2001).
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6.6.2

Effective Angle of Internal Friction from CPT Data

The strength of sandy soils is a function of the effective angle of internal friction (¢’). The presence of fines
generally will reduce ¢’ as well as cone tip resistance. Therefore, since qc - ¢' correlations are less sensitive
to fines content than are relative density correlations, qc - ¢', correlations are considered more applicable
than Dr correlations for characterizing most of the sands encountered. Such correlations also directly
estimate the parameter used for pile design from the CPT data, rather than a procedure which first estimates
Dr from the CPT data and then uses a second procedure to convert Dr to ¢’.

In coarse-grained soils, the constant volume friction angle, ¢'cv, is the friction angle at large strains (over
approximately 20 percent strain). The friction angle of a dense (dilative) soil will decrease past a peak value
(¢'peak) to reach ¢'ev, and the friction angle of a loose (contractive) soil will increase with strain until ¢'cv is
reached. For design purposes, the constant volume friction angle is important for loose soils as well as for
soils experiencing large strains and remolding (e.g., for the shaft friction component of driven pile capacity).

We used the correlation proposed by Kulhawy and Mayne (1990) to estimate the peak ¢'. This correlation
is derived from a large compilation of calibration chamber database from 24 sands, where the cone tip
resistance was adjusted to relative size of the chamber and cone diameter.

$'=17.6° +1 I.OO.IOg(qtl )

Where qt1 = (qt/catm)/( 6'vo/catm)®-® is the normalized CPT tip resistance used in the equation above.

A limitation of this method is its development from a database where the fines content did not exceed 15
percent. If the percent fines exceeds 15 percent (or amount of clay minerals increase), this method has a
tendency to underestimate ¢’.

Figure 7-3 presents the ¢’ derived from CPT data for each major zone across the site. The data are also
presented by stratigraphic unit. Generally, coarse-grained, marine deposit sediments for respective
stratigraphic units have mean ¢’ values that range from 34 to 45 degrees (Table 6.8 and Table 6.9). An
interesting characteristic about the coarse-grained marine deposit is the presence of a peak in the ¢’ profile
at a relatively shallow depth. This peak value can be as high as 50 degrees and was typically encountered
in the upper 3 meters. This peak value was more apparent in the glacial outwash materials.

Marine deposits have a ¢’ value typically ranging from 30 to 38 degrees and mean values in respective soil
province zones from 36 to 38 degrees (Table 6.8 and Figure 7-3). Predominantly coarse-grained alluvium,
which is related to reworked underlying glacial drift and channel infill deposits, exhibited ¢’ values between
32 and 44 degrees and mean values between 39 and 43 degrees for respective soil province zones. Coarse-
grained layers present in the predominantly fine-grained to interbedded Quaternary channel infill sequence
exhibited the lowest ¢’ values and were typically between 28 and 36 degrees and had a mean value of 34
degrees.
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Glacial outwash and moraine deposits exhibited the highest ¢’ values of materials investigated. Values in
those materials are inferred to be typically between 40 and 48 degrees and mean values in respective soil
province zones are between 41 and 46 degrees.

Overall, most coarse-grained sediments at the SFEC and SFWF site have high friction angles, which can
be attributed to the dense state and angularity of the cohesionless material. Pile drivability therefore
becomes of great importance given in the glacial outwash materials. Moraine deposits in the SFWF area
were not extensively investigated due to dense character of the materials which limited the CPT and
vibracore penetration into the materials.
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Table 6.8: Summary of Friction Angle Estimated from SFWF CPT Data

-l"umul

Stratigraphic Units (SFWF)

Effective Friction Angle (degrees), (o)!

Soil Zone A
Recent Marine Deposits (Qm) 43 (4)
Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 45 (3)
Transgressive/Glacial Channel Fill Fine-grained (Qfer / Qdozr) 41 (3)
Glacial Outwash (Qdo1) NE
Glacial Moraine (Qdm) 44 (3)
Coastal Plain Deposits (CPD) 45 (1)

Soil Zone B
Recent Marine Deposits (Qm) 42 (5)
Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 45 (3)
Transgressive/Glacial Channel Fill Fine-grained (Qfer / Qdozr) 38 (3)
Glacial Outwash (Qdo1) NE
Glacial Moraine (Qdm) 44 (4)
Coastal Plain Deposits (CPD) NE

Soil Zone C
Recent Marine Deposits (Qm) 40 (5)
Transgressive/Glacial Channel Fill Coarse-grained (Qfec / Qdozc) 43 (3)
Transgressive/Glacial Channel Fill Fine-grained (Qfer / Qdozr) 40 (4)
Glacial Outwash (Qdo+1) 46 (1)
Glacial Moraine (Qdm) 46 (2)
Coastal Plain Deposits (CPD) NE

1 ¢ = standard deviation
NE = Not encountered

Relative density estimated from CPT data using Mayne (2007) and Jamiolkowski et al. (2001).

Table 6.9: Summary of Friction Angle Estimated from SFEC CPT Data

Effective Friction Angle (degrees), (o)!
Stratigraphic Units (SFEC) sChanneI Channel Sequence
(?::rgze (Fine Moraine Outwash Plain
- Grained/Interbedded)

Grained)
Recent Marine Deposits (Qm) 36 (4) 36 (5) 37 (4) 36 (4)
Transgressive/Glacial Channel Fill
Coarse-grained (Qfec / Qdozc) 40(3) 45(2) 42(3) 390)
Transgressive/Glacial Channel Fill
Fine-grained (Qfef/ Qdozr) NE 34(4) NE NE
Glacial Outwash (Qdo1) 45 (2) 41 (3) NE 44 (2)
Glacial Moraine (Qdm) NE NE 46 (1) NE

' ¢ = standard deviation
NE = Not encountered

Relative density estimated from CPT data using Mayne (2007) and Jamiolkowski et al. (2001).
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6.7

6.7.1

6.7.2

Consistency and Strength of Fine-Grained Sediments

This section describes the consistency and undrained shear strength (su) of the cohesive sediments based
on field and laboratory data. Field measurements of sy were made using a torvane and a pocket
penetrometer. Laboratory measurements of su were provided by unconsolidated undrained (UU) triaxial
compression tests. Field and laboratory estimates of sy together with a sensible range of cone bearing
capacity factor (Nk) were used to estimate a conservative range of su based on CPT soundings (Fugro
Geotechnical Data Report, 2017b).

A limited amount of fine-grained sediments was encountered during the site investigation. In the SFWF
area, only thin layers of fine-grained deposits were encountered. Fine-grained deposits recovered by the
vibracores in the SFWF contained sand and gravel clasts and therefore were not suitable for laboratory
strength testing. CPTs in the SFWF area encountered fine-grained layers that were less than 30 to 50 cm
thick.

Vibracores conducted along the SFEC corridor encountered a few channels that contained fine-grained
deposits. However, approximately 80 percent of the soils sampled along the SFEC corridor were coarse-
grained.

Undrained Shear Strength from Field and Laboratory Tests

The number of torvane and pocket penetrometer tests are very limited due the very low amount of fine-
grained soils encountered by the vibracore explorations. Also, fine-grained deposits encountered contained
gravel and sand and exhibited disturbance, which is an inherent characteristic associated with vibracoring.

UU triaxial tests were performed in general accordance with ASTM D 2850. Two UU tests were conducted
on fine-grained samples encountered by vibracores in the SFEC corridor and the results were 16 and 24
kPa.

Undrained Shear Strength from Cone Penetration Tests

Undrained shear strength has been estimated from the CPT measurements using the following expression:

-0
Su — QT Vo
Ny,
where: sy = Undrained shear strength
gr = Total cone tip resistance corrected for boundary effects
Ow = Estimated in situ total vertical stress

Nkt

Empirical cone bearing factor

A common range of Nkt for cohesive sediments is between 7 and 20. For soft marine clays, an Nk value of
15 to 18 is common. Since most clay layers encountered on the project site are firm to very stiff, it was
unlikely that a site-specific Nkt will be higher than 18.
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6.8

SFEC Corridor. As described in the introduction to Section 7.2, CPTs in the SFEC corridor encountered
very few locations with fine-grained deposits. The fine-grained deposits are predominantly associated with
channel infill sequences as grouped into the Quaternary Alluvium Predominantly Fine-grained/Interbedded
zone (Figure 7-4a). Limited, thin fine-grained layers were identified in the Quaternary Alluvium
Predominantly Coarse-grained zone. Figure 7-4a presents the interpreted su based on CPT data for two
different Nk factors (15 and 20). The two UU test results suggest the lower Nk factor may be a better
estimate than the upper value. The CPT data indicate that su increases with depth. The range of sy
encountered in the upper 3 meters is between about 10 and 50 kPa. The two UU test results were 16 and
24 kPa. CPTs encountered materials at some locations (e.g. C-205 and C-211) where the shallow materials
maybe less than 10 kPa.

SFWEF Area. As described in the introduction to Section 7.2, CPTs in the SFWF area encountered layers
less than 30 to 50 cm thick inferred to be fine-grained. Interpreted su values of those layers were typically
between 18 and 50 kPa and were encountered at depths of less than 5 meters (Figure 7-4b). Two notable
layers were encountered in CPTs C-115 and C-107A and were 18 to 22 and 35 to 45 kPa, respectively.
Some stronger layers were encountered (C-111A, C-113, and C-115) where sy is approximately 120 to 190
kPa; those higher strengths may represent overconsolidated deposits that subaerially exposed in the past
or may have been biased by sand and gravel inclusions. The presence of sand/gravel inclusions is the most
likely reason for the inferred higher strengths.

Thermal Conductivity of Soils

The determination of the thermal conductivity (A) of the soil using a transient heat method used a needle
probe having a large length to diameter ratio to simulate infinity conditions. The test was performed in intact
and reconstituted soil specimens. For intact specimens a nominal 20-cm long section of the vibracore core
sampler containing the intact soil was cut, and for the reconstituted soil specimens, the soil sample was
compacted to the desired dry density and gravimetric water content in a plastic tube using the required
compaction technique depending on the type of sail, to reach those soil properties. The Geotechnical Data
Report (Fugro, 2018b) provides a detailed description of the testing and summary of the results.

Thermal conductivity tests were primarily conducted on samples near the shore approach and also
conducted at selected locations along the offshore section of the corridor for comparison. Thermal
conductivity results from inshore vibracores (300-series) were typically between 1.2 and 1.6 W/(m-k) and
one test result was as high as 2.7 W/(m-k). All tests on the inshore vibracores were conducted on coarse-
grained samples that classify as poorly-graded sand.

Thermal conductivity test results from the offshore section of the SFEC (200-series vibracores) were
between 1.85 and 2.3 W/(m-k) and were all conducted on coarse-grained samples that classify at poorly
graded sand or poorly graded gravel with sand.
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FOUNDATION CONCEPT FEASIBILITY

General

This section presents a general description of the different foundation concepts for offshore wind turbines
and discusses feasibility of the foundation concept for the study area. Fugro understand that monopile are
the preferred foundation type by SFW.

Substructures for offshore wind turbines are generally divided into a support structure from sea level to
seabed and a foundation that transfers the loads to the ground. The selection of the support structure and
foundation will depend primarily on:

- Water depth;
- Soil conditions;
- Cost of construction, transport and installation;

- Local presence and availability of construction and installation facilities at the site.

Soil conditions are often the main driver for selection of a foundation type as it can prevent installation of
the foundation to the required depth or it may be incompatible with the foundation type. However, in most
cases, several concepts of foundations can be designed in a specific soil condition environment. The final
selection of a foundation may then be driven by several factors, including cost of construction and local
availability of construction and installation facilities.

The monopile foundation concept is the preferred type for the SFWF WTGs. Table 8.5 provides a summary
of the monopile characteristics.

Table 7.1: Substructure and Foundation Concept being Considered

Support
Structure | Foundation Type Preliminary Sizing Characteristics
Type
- Most commonly used foundation type
- Usually preferred foundation type for water depths
upto40m
Outer diameter up to | - Good adaptability to soil variations
Monopile - driven 11 m and - Adapted to most soil types, not to hard rocks
Monotower | open-ended steel penetration length - Primary loading in lateral direction
large-diameter pile up to 50 m below - Scour of upper layers can significantly reduce
seafloor foundation stiffness
- May be more susceptible to pile tip buckling during
installation by impact driving due to high diameter
to wall thickness ratio
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7.3

Overview of Monopile Design Approach

Monopiles are the most commonly used foundation for offshore wind turbines and are usually preferred due
to the simple installation, and flexibility and robustness of design. Costs can be reduced through mass
fabrication and quicker installation. The design is governed by the lateral pile-soil response under
operational and environmental loads. The pile-head displacement is typically a design criterion as well as
overall stiffness response under turbine dynamic loads. For the typical diameters of up to 8 m and
embedded length up to 40 m BSF, the monopiles can be expected to behave in a rigid manner with some
pile toe movement. In this case, additional pile-soil resistances mainly from the pile base shear, side shear,
and distributed moment along pile shaft will contribute to the overall displacement and stiffness response of
the foundation.

If monopile foundations are to be considered it is recommended that the PISA design approach, as
presented by Byrne et al. (2017), should be utilized. This approach requires 3D finite element analysis (FEA)
to be performed to develop site-specific reaction curves. Based on Fugro’s recent experience of applying
this method, it is highly recommended that the constitutive models, to be utilized within the 3D FEA, should
be considered prior to performing any advanced laboratory testing to ensure the testing program meets the
specific requirements of the constitutive model calibration.

To evaluate the dynamic soil-structure response, an appropriate program of advanced laboratory testing
(monotonic and cyclic simple shear, bender element and resonant column tests) will be required. In addition,
seismic cone penetration testing (SCPT) data should be considered to assist in the determination of seismic
wave velocity data (I%) in situ to more accurately characterize the soil small-strain shear modulus G,;, 4.

Monopile Feasibility Assessment

Given the limited datasets available, further geophysical and geotechnical data are required to better
constrain the geotechnical conditions and engineering parameters at the site. However, based on currently
available data, monopiles may be used within the SFWF study area. The water depths across all 3 zones
range from 27 m to 44 m and are considered favorable to monopiles. The glacial moraine deposits Qdm
consisting of sand, gravel and numerous boulders present the greatest risk to the installation of the
monopiles. Within Zone A, the glacial moraine deposits are interpreted to be approximately 12 to 15 meters
thick and can be found close to or at the seabed surface. The glacial moraine deposits within Zone A
correspond to the high density of observed seafloor boulders and will likely present a hazard and
impediment to monopile installation. Zone B is characterized by a thin layer of marine deposits underlain by
channel infill sequences and a very thick (up to 90 m thick) glacial deposit Qdo comprised predominantly of
dense sand and gravel with appreciable layers of clay and/silt in some areas. The upper channel infill will
provide a high stiffness response at the pile head, although scour protection will likely be required to prevent
erosion of the upper sand layer. The underlying dense glacial deposits with interbedded sand and clay
layers will increasingly dominate the monopile behavior. Zone C is characterized by a thin layer of marine
deposits overlying channel fill, glacial moraine and outwash deposits (Qdm and Qdo), and CPD. The CPD
unit comprising of dense to very dense sands, silts and clays are inferred to be present at around 25 to 35 m
BSF. A monopile foundation within Zone C will therefore likely tip into the CPD. The CPD unit is expected
to provide sufficient base shear resistance for the monopile.

Fugro Report No. 02.1803-1431-02 Page 53 of 61



-I"uann
SOUTH FORK WIND, LLC

INTEGRATED SITE CHARACTERIZATION REPORT

7.4

GZA performed a preliminary monopile analysis (SFWF Deep Geotechnical Survey Report, 2018) applying
soil models developed from one boring location (borehole B-6 located in Zone B). Only monotonic loading
was considered; dynamic and explicit cyclic soil-structure response for the Natural Frequency Analysis
(NFA) and Ultimate Limit State (ULS) were not investigated. A monopile with diameter 8 m, wall thickness
75 mm, embedded length up to 51 m BSF, and with scour protection was assumed.

The method of analysis was based on APl 2 GEO to provide lateral pile-soil response curves. The API p-y
methodology was developed for small-diameter piles (generally less than 2 m) and may not provide
representative lateral pile response curves for an 8 m-diameter pile. Pile capacities were provided in the
GZA report.

Preliminary pile drivability analysis was also performed by GZA for the given monopile geometry and soil
conditions at borehole B-6 location within Zone B. The results indicated that the monopile could be installed
to a target depth of 51 m BSF at borehole B-6 location using an IHC-S3000 hydraulic hammer. Pile driving
considering a typical soil profile within Zone C with possible very dense sand or very stiff clay layers within
the CPD unit, and pile buckling or damage due to boulders were not investigated. It is recommended to
perform a pile drivability analysis for a soil profile within Zone C to assess the feasibility of installing
monopiles tipping into the denser CPD soil unit.

A pile tip buckling analysis should be performed during the preliminary and detailed design stage to assess
the risks of pile damage when encountering a boulder and to help support a risk mitigating plan.

Potential for Hard Driving, Pile Refusal and Pile Buckling

Occurrences of boulders may create the potential for pile buckling. An initially deformed pile that is extruded
through the soil and gradually collapses is the most critical condition for pile buckling analysis. These failures
occur due to lateral soil pressures progressively building-up around the pile circumference due to increasing
wedging action of the deforming pile as it is penetrated. Whether such a failure mechanism develops is a
function of the relative stiffness of the pile (inversely proportional to (D/t)3) and the soil stiffness. It is also
critically dependent on the magnitude of any initial imperfections.

There have been a number of known extrusion failures during pile driving, including some cases with very
large diameter thin walled monopiles for wind farms and some cases in similar soil profiles to those expected
across the study areas. It is recommended that the potential for pile buckling should be considered and
planned for accordingly.

Where gravels, cobbles and boulders are expected, and where pile driving refusal may occur, installation
of the pile using the drill-drive-drill technique may be considered. Alternatively, drilled and grouted piles may
be considered for piles reaching into the glacial moraine units.

Fugro has extensive experience performing drivability studies in hard soil conditions and pile tip buckling
analysis to estimate the risk of pile damage when encountering rock or boulders during pile driving. It is
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recommended to perform pile tip buckling analysis during the preliminary and detailed design stage to
assess pile driving risks due to a boulder encounter, support a risk mitigation plan and provide more detailed
recommendations on alternative pile installation techniques.
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CABLE BURIAL FEASIBILITY

The inter-array cable is expected to be buried using cable installation equipment that could include either a
mechanical cutter, mechanical plow (which may include a jetting system), and/or jet plow. Installation of the
SFEC - OCS may also include use of a displacement plow.

This cable burial feasibility assessment is based on the evaluation of available geophysical and geotechnical
data for installing a cable nominally 2 meters BSF. The discussion in this section represents a summary
from our general trenching screening analysis. For this assessment, we have not differentiated levels of
effort for different installation equipment or operating parameters (e.g. discharge nozzle water pressure,
number of jets, and angles of jetting). However, for this assessment we have assumed the following:

m Jet-plow (jet-trencher which involves the use of high-pressured water jets to excavate a trench) are
likely candidates to be considered and are the focus of this assessment,

m  Mechanical cutters (e.g. chain-saws) used to excavate trenches in dense soils and rock, are anticipated
to be capable of excavating a trench in the SFEC corridor. However, a comparison of the proficiency
and capability of trenching relative to a jet-trencher at this site are not provided in this assessment.

m  Ground conditions are assumed to be hard over much of the route and conventional mechanical plows
(without jets) are not anticipated to be feasible solutions. However, some specialized displacement
plows have recently been developed to work in soil conditions with boulders and may represent a
possible option to either displace boulders and clear the route and install the cable.

Overview of Jet-trenching

A discussion is provided herein regarding jet-trenching installation since mechanical cutters are anticipated
to be capable of achieving desired trenching depths. Installation of cables using jet-trenching techniques
utilize high-pressure water discharged from the water jets to erode or fluidize sands, or cut clays, in order
to lower and bury a cable into the excavated trench. In sands, the water jets fluidize the sediments and the
eroded/fluidized sediments become entrained in turbulent water. The entrained sediments are transported
rearward, encounter a hydraulic jump and temporarily become suspended in the water column, thus allowing
the cable to fall into the trench. The cable then becomes buried as the sediments settle out of suspension
and deposit in the trench. Cable burial process also occurs as the trench sidewalls fail and collapse into
the trench and bury the cable.

The ability and progress rate of jet trenching in sands is dependent on the number jets, jetting angles and
directions (e.g. number of forward, downward, and rearward-facing jets), and jetting pressures or flow rates.
Ground conditions also play an important role in jet-trenching feasibility. Density of sediments and particle
size (e.g. mean grain size) are parameters that influence progress rates of jetting in sands (Vanden Bergh
et al., 2008). Relative density can be estimated from CPT tip resistance data as described in Section 7.
Table 8.1 lists the coarse-grained ground condition parameters used cable burial feasibility assessment.

Vibracoring information was also used to assess trenching feasibility. We note the penetration rate was
also recorded during the vibracoring. Penetration rate often decreased dramatically when the vibracore
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encountered the dense glacial outwash deposits. Penetration rates were much higher in the Marine
Deposits and Quaternary Alluvium channel infill deposits. The abrupt decrease in penetration rates
correlate well with seismic reflectors. The abrupt decrease in penetration rate, correlation with the seismic
reflectors, and vibracore penetration depths were used to infer where dense materials could be located that
would be difficult to trench.

Jet trenching in fine-grained deposits essentially uses a cutting process rather than an erosion/fluidization
process. High-pressured jets cut and break-up the material ahead of the sword. The clayey materials are
cut into lumps as opposed to being broken down to individual particles. The lumps are then transported
rearward and placed into suspension by the turbulent flow and hydraulic jump, thus excavating a trench that
the cable self-lowers into. The soil lumps than settle out of suspension and bury the cable. The depth at
which the trench is cut and the rate of cutting is dependent upon the undrained shear strength and other
properties of the soil. Table 8.1 lists the undrained shear strength parameters used in the assessment.

Table 8.1: General Ground Condition Parameters for Jet-Trenching Feasibility

. Coarse-grained Deposits
Trenching CPT Tip Resist Fine-grained Deposits
Feasibility P (qe)s's ance Gravel and Boulders 9 P
C

Feasible gc <10 MPa Not Present Su < 100kPa
Moderately Thin layer of gravel'n?ay be present;

Feasible 10 MPa < gc < 20 MPa boulders not anticipated to be 100 kPa < Su < 200 kPa

present
Difficult/Unfeasible g > 20 MPa Gravel and boulders anticipated to Su > 200 kPa
be present

Fine-grained particle size defined as particles that can pass through a No. 200 sieve (0.075 mm)

Burial Feasibility Assessment

The available geophysical and geotechnical data were reviewed to assess the feasibility of achieving
nominally 1.5 to 2-meter burial (or lowering) depth. Geotechnical data were assessed to infer
density/strength of the sediments and particle sizes as categorized in Table 8.1. Seismic data were used to
interpolate ground conditions in between geotechnical exploration locations. Figure 8-1 presents the burial
feasibility assessment for the SFEC corridor. Feasibility assessment summarized on the map are
categorized as follows.

The cable burial feasibility has been assigned a classified color scheme with areas that are least favorable
in red and most favorable in green. As areas in green (and dashed green) are the most favorable, they will
likely present the fewest difficulties in cable burial. These areas are generally comprised of thin to
moderately thick layers of marine sediments and are inferred to be predominantly loose to dense sandy
deposits. Transgressive channel infill deposits underlie marine deposits in some locations and are
comprised of very loose to medium dense sand and/or soft to firm fine-grained deposits.
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Areas in light green are moderately favorable and are generally comprised of thin marine deposits, ranging
from approximately 0.5 to 1 meter thick where present, overlying glacial deposits. The glacial deposits are
inferred to be outwash deposits comprised of predominantly dense to very dense sandy materials and
variable amounts of gravel. Also, cobbles and boulders may be present in the subsurface.

Areas in orange are moderately unfavorable and are generally glacial moraine deposits within 1 meter of
the seafloor. These deposits are predominantly comprised of dense to very dense sand and gravel with
variable amounts of cobbles and boulders. Scattered seafloor boulders are observed across this area.

Areas in red are unfavorable and will likely present substantial difficulties may be encountered. Seafloor
and shallow deposits are inferred to be primarily glacial marine deposits. Exposed seafloor boulders
common in this area. Trenching and cable burial is anticipated to be difficult.

Classification of an area as favorable does not mean that it can be developed without any concern for
potential hazards or complexities. It is possible that undesirable conditions may exist in areas depicted as
being generally favorable.

Summary

Based on the data evaluated, we anticipate that a 2-meter lowering (or trenching) of the cable can be
achieved if appropriate equipment is utilized. However, the G&G survey identified areas with hard ground
conditions that may limit the types of equipment that can achieve this lowering depth. Hard ground
conditions were identified where dense to very dense glacial deposits and/or boulders are inferred to be
present at the seafloor or within two meters of the seafloor. Notable hard ground condition areas are
discussed in the following.

An approximately 10-km long section of SFEC corridor adjacent to the SFWF area is identified as an area
where boulders are exposed on the seafloor and dense to very dense glacial deposits are either exposed
or within 2 meters of the seafloor. This section of the SFEC corridor is shown as orange in Figure 8-1. The
survey corridor was widened in this area to provide the opportunity to avoid boulders by routing the cable
around them. It may be necessary or desirable to utilize a self-propelled cable installation plow in this area
to avoid boulders. Alternatively, large displacement plows designed to displace boulders may be an option
to clear areas with boulders.

We note a second area, located offshore Montauk Point, where the cable corridor was adjusted to bypass
around an isolated mound of boulders. Scattered boulders are located in this area and there is an increased
potential for encountering buried boulders and shallow very dense glacial deposits in this area.

Inter-array cables are anticipated to encounter difficult ground conditions where moraine deposits are
exposed at the seafloor or shallowly buried. Buried boulders may also be present in the SFWF area;
however, fewer boulders are anticipated to be present in the paleochannel zones (refer to gray shaded
zones on Figure 4-15). CPT data indicate that the coarse-grained channel infill deposits (alluvium) may
also be dense to very dense.

Fugro Report No. 02.1803-1431-02 Page 58 of 61



-I"uann
SOUTH FORK WIND, LLC

INTEGRATED SITE CHARACTERIZATION REPORT

Cable installation planning should also take into consideration that soft, clay-filled channels may be
encountered during installation. Geotechnical data indicate that the infill materials may be softer than 25
kPa and cable installation planning should evaluate stability of the equipment in the zones underlain by soft
sediments. Clay-filled channels are highlighted on Figure 4-15.

Ground conditions should be carefully considered when selecting appropriate trenching equipment.
Although conventional jet-trenching equipment may be capable of trenching along much of the SFEC
corridor, several areas were identified with hard ground conditions that may limit the type of equipment that
can achieve a 2-meter lowering of the cable.

Hybrid trenchers are common types of equipment used to trench in hard ground conditions. In order of
generally increasing strength, examples of those hybrid systems include:

m  Cutting booms with auxiliary jets: High-powered jets are mounted on a cutting boom.

Multi-cutting sword system: This system utilizes cutting swords at front and the rear. The cutting swords
at the rear assist in cutting and keeping the trench open.

m  Wheel cutter: Utilizes a mechanical wheel to cut 2 to 3-meter deep trenches in stronger materials
Saws with rock rippers: Saws with cutting swords and rock rippers in the front that are capable of
trenching in dense soils or rock.

We also note that the approximately 10-km long SFEC corridor adjacent to the SFWF area contains

scattered boulders exposed on the seafloor. If may be necessary to relocate boulders, use a self-propelled

system that can steer around boulders, or a combination of both to install the cable in this area.
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A. GUIDELINES ON USE OF REPORT

This report (the “Report”) was prepared as part of the services (the “Services”) provided by Fugro USA
Marine, Inc. (“Fugro”) for its client (the “Client”) under terms of the relevant contract between the two parties
(the “Contract”). The Services were performed by Fugro based on requirements of the Client set out in the
Contract or otherwise made known by the Client to Fugro at the time.

Fugro’s obligations and liabilities to the Client or any other party in respect of the Services and this Report
are limited in time and value as defined in Contract (or in the absence of any express provision in the
Contract as implied by the law of the Contract) and Fugro provides no other representation or warranty
whether express or implied, in relation to the Services or for the use of this Report for any other purpose.
Furthermore, Fugro has no obligation to update or revise this Report based on changes in conditions or
information which emerge following issue of this Report unless expressly required by the Contract.

The Services were performed by Fugro exclusively for the Client and any other party identified in the
Contract for the purpose set out therein. Any use and/or reliance on the Report or the Services for purposes
not expressly stated in the Contract, by the Client or any other party is that party’s risk and Fugro accepts
no liability whatsoever for any such use and/or reliance.
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Stratigraphic Units

DISTANCE (METERS)

Holocene Marine Deposits (Qm) - Modern marine sediments
deposited post-glaciation.

Holocene Channel Infill (Qfe/Qfec) - Fluvial sand, gravel,
and fine-grained estuarine deposits.

Pleistocene Channel Deposits (Qdo,) - Coarse-grained,
dense to very dense deposits deposited from the melting

of overlying glaciers. Channel infill includes glacial erratics

(boulders, cobbles, and gravel) mixed with sands.

Moraine Deposits (Qdm) - Pleistocene age deposits
including boulders varying in size from less than 1 meter
to over 10 meters in diameter and dense to very dense
sands with some gravel lenses

Moraine/Outwash Deposits (Qdo+) - Predominantly coarse-grained
deposits including dense sand, gravel, and boulders. Also includes
appreciable thicknesses of clay/silt in some areas.

Coastal Plain Deposits (Ku) - Inferred Late Cratacious age

deposits consisting of unconsolidated to semi-consolidated

sand, gravel, silt, and clay.

Soil Descriptions

- Lean CLAY (CL)

Silt (ML)

Poorly-Graded SAND (SP)

Poorly-Graded SAND with Silt (SP-SM)

Well-Graded SAND (SW)

Silty SAND (SM)

Poorly-Graded GRAVEL (GP)

Well-Graded GRAVEL with Silt (GW-GM)
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1. See Figure 4-15b for SFWF Soil Zones.

2. Athin (1-3m) layer of Recent Marine Deposits (Qm) are present
across most of the SFWF. The thickness of these deposits is not
shown at this scale.

. Elevations for geologic contacts are approximate and are based
on a sediment P-wave velocity of 1,600 m/s.

. Elevation is referenced to mean lower low water (MLLW).

. Foundation depth of interest for monopiles includes the
upper 50 meters.
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shown at this scale.

3. Elevations for geologic contacts are approximate and are based

deposited post-glaciation.
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Stratigraphic Units

Holocene Marine Deposits (Qm) - Modern marine sediments

deposited post-glaciation.

Holocene Channel Infill (Qfed/Qfec) -
and fine-grained estuarine deposits.

Fluvial sand, gravel,

Pleistocene Channel Deposits (Qdo,) - Coarse-grained,
dense to very dense deposits deposited from the melting
of overlying glaciers. Channel infill includes glacial erratics
(boulders, cobbles, and gravel) mixed with sands.

Moraine Deposits (Qdm) - Pleistocene age deposits
including boulders varying in size from less than 1 meter
to over 10 meters in diameter and dense to very dense
sands with some gravel lenses

Moraine/Outwash Deposits (Qdo+) - Predominantly coarse-grained
deposits including dense sand, gravel, and boulders. Also includes
appreciable thicknesses of clay/silt in some areas.

Coastal Plain Deposits (Ku) - Inferred Late Cratacious age
deposits consisting of unconsolidated to semi-consolidated
sand, gravel, silt, and clay.

Notes:

1.

See Figure 4-15b for SFWF Soil Zones.

2. Athin (1-3m) layer of Recent Marine Deposits (Qm) are present

across most of the SFWF. The thickness of these deposits is not
shown at this scale.

. Elevations for geologic contacts are approximate and are based

on a sediment P-wave velocity of 1,600 m/s.

. Elevation is referenced to mean lower low water (MLLW).
. Foundation depth of interest for monopiles includes the

upper 50 meters.
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Stratigraphic Units

DISTANCE (METERS)

Holocene Marine Deposits (Qm) - Modern marine sediments
deposited post-glaciation.

Holocene Channel Infill (Qfe/Qfec) - Fluvial sand, gravel,
and fine-grained estuarine deposits.

Pleistocene Channel Deposits (Qdo,) - Coarse-grained,
dense to very dense deposits deposited from the melting
of overlying glaciers. Channel infill includes glacial erratics
(boulders, cobbles, and gravel) mixed with sands.

Moraine Deposits (Qdm) - Pleistocene age deposits
including boulders varying in size from less than 1 meter
to over 10 meters in diameter and dense to very dense
sands with some gravel lenses

Moraine/Outwash Deposits (Qdo+) - Predominantly coarse-grained
deposits including dense sand, gravel, and boulders. Also includes
appreciable thicknesses of clay/silt in some areas.

Coastal Plain Deposits (Ku) - Inferred Late Cratacious age
deposits consisting of unconsolidated to semi-consolidated
sand, gravel, silt, and clay.

Soil Descriptions

- Lean CLAY (CL)

Sandy SILT (ML)
Poorly-Graded SAND (SP)

Poorly-Graded SAND with Silt (SP-SM)

| Silty SAND (SM)

Well-Graded GRAVEL (GW)

Cobble

Notes:

1. See Figure 4-15b for SFWF Soil Zones.

2. Athin (1-3m) layer of Recent Marine Deposits (Qm) are present
across most of the SFWF. The thickness of these deposits is not
shown at this scale.

3. Elevations for geologic contacts are approximate and are based

on a sediment P-wave velocity of 1,600 m/s.

. Elevation is referenced to mean lower low water (MLLW).

. Foundation depth of interest for monopiles includes the

upper 50 meters.
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1. See Figure 4-15b for SFWF Soil Zones.

2. Athin (1-3m) layer of Recent Marine Deposits (Qm) are present
across most of the SFWF. The thickness of these deposits is not
shown at this scale.

3. Elevations for geologic contacts are approximate and are based
on a sediment P-wave velocity of 1,600 m/s.

1 Clayey SAND (SC) 4. Elevation is referenced to mean lower low water (MLLW).
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