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Editorial Note

To facilitate presentation, review, and perusal of the large quantity of observations and data generated
under Task Order M16PD00025, the task order deliverable was divided into the following four standalone
documents:

1. Field Observations during Wind Turbine Installation at the Block Island Wind Farm, Rhode
Island (BOEM 2019-027) — reports on the methods, observations, data analyses, results, and
conclusions from environmental monitoring conducted at the BIWF under BOEM’s RODEO
Program during the assembly of the wind turbine generator components (turbine towers, nacelles,
and blades).

2. Field Observations during Wind Turbine Operations at the Block Island Wind Farm, Rhode
Island (BOEM 2019-028) — reports on the methods, data analyses, results, observations, and
conclusions from environmental monitoring conducted at the BIWF under BOEM’s RODEO
Program during turbine operations.

3. Underwater Acoustic Monitoring Data Analyses for the Block Island Wind Farm, Rhode Island
(BOEM 2019-029) — reports on the methods, observations, results, and conclusions from additional
analyses of underwater acoustic monitoring data collected under BOEM’s RODEO Program during
the pile driving for securing the turbine foundations to the seabed.

4. Benthic Monitoring During Wind Turbine Installation and Operation at the Block Island Wind
Farm, Rhode Island (BOEM 2018-047) — Published in 2018, this report presented the methods, data
analyses, results, observations, and conclusions from benthic monitoring conducted in 2017 and 2018
at the Block Island Wind Farm (BIWF) under BOEM’s RODEO Program.



Executive Summary

This report presents methods, data analyses, and results from the Bureau of Ocean Energy Management’s
Real-Time Opportunity for Development Environmental Observations Program environmental
monitoring conducted within the Block Island Wind Farm Project Area during wind turbine operations.
Visual observations of the operating turbines, airborne noise monitoring, and underwater sound
monitoring were conducted:. Key results and conclusions from these monitoring surveys are summarized
below.

Visual Observations

The operating turbines were observed from various onshore and offshore locations during day-time,
night-time, and various weather conditions. Key conclusions are as follows:

e During daytime and under clear weather conditions, the turbines are noticeably visible from the
Southeast Lighthouse shoreline on Block Island, which is approximately 4.6 kilometers (km; 2.83
miles [mi]) away.

e During daytime and under foggy conditions, the turbines and its lights cannot be seen from
approximately 4.6 km (2.83 mi) away.

e From the Point Judith shoreline, on a clear day, both Block Island and the turbines are visible
with the naked eye during the day and at night.

o Neither the island nor the turbines are visible from Point Judith under foggy conditions.

e During daytime, Block Island is barely visible from Brenton State Park, which is located
approximately 38.28 km (23.79 mi) from the turbines and the turbines cannot be seen with the
naked eye.

e On aclear night, however, the turbine lights are visible from Brenton State Park.

e Offshore, at nighttime and under clear skies, the turbine lights are visible with the naked eye up to
43.05 km (26.75 mi). The lights cannot be seen even with binoculars on a clear night at an
offshore distance of 44.3 km (27.5 mi).

Overall, visibility of the turbines from land and water during the day was strongly dependent upon
weather conditions and distance. At night the turbine lights could be seen on a clear night from as far
away as 43.05 km (26.75 mi).

Airborne Noise Monitoring

Continuous airborne noise monitoring was conducted at an onshore location on Block Island over a three-
month (8 February to 28 May 2017) period to record noise levels emanating from the turbine operations.
Measurements were also recorded from a survey vessel at selected offshore locations in the vicinity of the
turbines. Results from the data analyses indicated that airborne noise from the turbine operations was not
detected at the onshore monitoring station on Block Island at any time during the 14 weeks of monitoring,
and airborne noise levels in the vicinity of the turbines were low. Noise levels were sampled 65 decibels
(dB) Equivalent Continuous Sound Pressure Level (LAeq),1 m at 50 meters (m) from the turbine tower,
and even this level of noise appears to be significantly influenced by natural ambient noise. In isolation,
the airborne noise from turbine operations would be less than the 65 dB LAeg,1 m.

! During the Block Island Wind Farm operational phase, sediment samples from the seabed also were collected and
analysed for changes in abundance and diversity of benthic organisms; results from the benthic assessment are
reported in an accompanying document entitled: Benthic Monitoring During Wind Turbine Installation and
Operation at the Block Island Wind Farm, Rhode Island, OCS BOEM 2018-047 (HDR 2019d).

1



The lack of detected airborne noise from the operating turbines during high output periods also may be
partially attributable to an increase in onshore background noise levels from rustling of vegetation caused
by the high winds that are responsible for increased output from the turbines. The overall conclusion
from the operational phase airborne noise monitoring is that, as part of a risk mitigation plan, this
type of monitoring could be bypassed for future facilities.

Underwater Sound Monitoring

Underwater acoustic and seismic signals were measured and recorded during winter (20 December 2016
to 7 January 2017) and late summer (2 October to 3 November 2017) conditions. In addition, extended
underwater acoustic monitoring also was conducted over 100 days during summer 2017 (15 July to 24
October 2017). Several different kinds of monitoring systems were deployed. Monitoring was conducted
at different depths and ranges, for varying durations, and at different times of the year to gather data for
evaluation of spatial, temporal, and seasonal differences. Recreational fishing activity was observed each
time the site was visited.

The acoustic data were analyzed for level, frequency content, and temporal properties, including
impulsiveness. Concurrent oceanographic and geologic conditions were also measured during monitoring
and incorporated into the data analyses and conclusions. Unlike the construction phase monitoring during
which sensors could only be placed outside the U.S. Coast Guard established 457.2 m (1,500 feet or 500
yards) safety zone around each foundation site, during the operational phase acoustic measurements were
recorded at 50 to 100 m (164 to 328.1 feet) and beyond from selected turbine foundations.

Results from the winter 2016 and summer 2017 short-term monitoring indicated that sound levels
emanating from the operating turbines were lower than expected and primarily consisted of one or more
low-frequency, modulated tonals at or above 70 Hertz (Hz).

The short-term winter monitoring period was marked by stormy weather. During calm periods between
storms, sound suspected to be from wind turbine generator (WTG) 5 was measured as a modulated
sinusoidal signal at approximately 71 Hz. Lower level spectral lines were also recorded, but these lower
measurements could not be conclusively attributed to turbine operations. The sound speed profile was
almost constant throughout the water column during the measurement period. Surface wave heights
peaked at approximately 5 m during the stormy winter measurement period mixing the water column and
causing the sound speed profile to be isovelocity (constant sound speed). Other sources of sound
measured included vocalizations from fin whales and humpback whales, and from shipping. Measured
particle velocities were below the threshold of some of the fishes for which audiograms are available.
Overall, sound pressure levels measured in winter during turbine operations were lower than those
recorded during the construction phase.

Results from the short-term late summer monitoring indicated that underwater sound between
approximately -70 Hz and 120 Hz was recorded in the water column on all four channels of a vertical line
array placed 100 m away from WTG 1. Simultaneous air noise measurements also showed tonals near 71
Hz indicating that the source of the operational sound from the wind turbines may be due to aero-
dynamical sources. Acoustic signals less than 40 Hz were also recorded; these are most likely attributable
to mooring noise due to windy events and high currents. A large increase in sound was recorded after 23
October; this is most likely caused by storms. Similar to the winter measurements, the sound speed profile
in summer was almost a constant throughout the water column, but the speed was higher because of
warmer waters.

Data also indicated that numerous vessels transited the survey area during the monitoring period. Tonals
were also measured on the bottom mounted hydrophones co-located with the geophones. Statistical
analyses indicated that the mean sound levels were independent of wind turbine location except for larger
variability near WTG 1 likely due to increased shipping near that turbine. Particle velocities measured in



late summer were higher than measured during the winter 2016 measurements. The signals were still
below the threshold of some of the fishes for which audiograms are available. Overall, sound pressure
levels measured in late summer during turbine operations were lower than those recorded during the
construction phase.

Extended underwater acoustic monitoring was also conducted during summer 2017 using a stationary
hydrophone located 50 m (164 feet) south of WTG 5. Data were sampled continuously over 100 days
between 15 July and 24 October. Over the 100-day monitoring period, sound levels were sampled for all
typical turbine operating and weather conditions, from calm and still to wind speeds of up to 23 meters
per second (m/s), in excess of the speed required to drive the turbine rotor at maximum speed
(approximately 12 revolutions per minute [rpm]). Wind speeds over the monitoring period ranged from
flat calm to 22 m/s and a maximum rotor speed of 11 rpm.

Operational data for the turbines (rotational speed for the turbines, wind speed, and wind direction)
concurrent with the monitoring period were obtained from Deepwater Wind and used in the analyses. The
operational data indicated that from the turbine cut-in to maximum speeds in rpm (approximately 3 to 12
rpm) and wind speed in m/s tracked closely under normal operation, such that at wind speeds of 5 m/s the
rotation speed was 5 rpm, at 9 m/s the rotation was 9 rpm, etc.

Monitoring data analysis indicated that in general, underwater noise produced by the operating turbines
linearly increased with the wind speed. Strong anthropogenic noise contributions were detected at
approximately 12 Hz, and multiples thereof, and the noise from the operational turbine exceeded the
ambient noise, caused by wind and sea state, at the monitoring location.

Substantial tonal sound was detected at the 10 kilohertz (kHz) and 20 kHz !5 octave center-frequency
bands, which varied little throughout the monitoring period. The source of this sound is unknown, but the
fluctuations in the levels (1 dB) do not correlate with wind speed. This tonal sound was not detected in
verification measurements using different equipment, so is most likely to be generated by the monitoring
system itself.

The noise emissions produced by the BIWF turbines (which are not equipped with a gear box) did not
have the tonal characteristics of wind turbines in Europe, which are generally associated with mechanical
systems within the device that are typically source of noise, such as a gearbox. Strong tones at 10 kHz and
20 kHz were also identified during the monitoring; but the source of these higher frequency tones could
not be determined. Follow on measurements with different equipment did not replicate these tones and it
is hypothesized that these higher frequencies may be associated with electrical noise in the monitoring
equipment. In the absence of these tones and most other underwater noise contamination (e.g. from
passing vessels), the average underwater noise at 50 m from the turbine was 119 dB sound pressure level
root mean square referenced to 1 micro Pascal over the survey duration.

Based on an analysis of data up to 8 kHz, it was concluded that under worst-case assumptions and using
the 2018 NMFS and Popper et al. (2014) noise impact thresholds, no risk of temporary or permanent
hearing damage (permanent threshold shift or temporary threshold shift) could be projected even if the
receptor remained in the water at 50 m (164 ft) from the turbine for a full 24-hour period.

The overall conclusion from the operational phase underwater acoustic monitoring is that given the
1) low levels of sound recorded by the various sensors under differing environmental and weather
conditions and 2) very low probability of these low levels causing potential harm to fish and marine
mammals, operational phase underwater acoustic monitoring may not provide much additional
value for future facilities. As part of a risk mitigation plan, this monitoring phase could be
bypassed.



The data, results, and conclusions presented in this report were generated for the Bureau of Ocean Energy
Management by the HDR Real-Time Opportunity for Development Environmental Observations Team
under IDIQ Contract M15PC00002, Task Order M15PD00025.



1 Introduction

This report presents methods, data, observations, results, and conclusions from real-time environmental
monitoring surveys conducted in and around the Block Island Wind Farm (BIWF) Project Area (Figure
1) during wind turbine operations. Visual observations of the operating turbines, airborne noise
monitoring, and underwater sound monitoring were performed. The monitoring was conducted under the
Bureau of Ocean Energy Management’s (BOEM’s) Real-Time Opportunity for Development
Environmental Observations (RODEO) Program.

1.1 The RODEO Program

The purpose of the RODEO Program is to make direct, real-time measurements of the nature, intensity,
and duration of potential stressors during the construction and initial operations of selected proposed
offshore wind facilities. The purpose also includes recording direct observations during the testing of
different types of equipment that may be used during future offshore development to measure or monitor
activities and their impact-producing factors.

BOEM conducts environmental reviews, including National Environmental Policy Act analyses and
compliance documents for each major stage of energy development planning which includes leasing, site
assessment, construction, operations, and decommissioning. These analyses include: 1) identification of
impact producing factors (stressors) and receptors such as marine mammals and seafloor (benthic)
habitats, and 2) evaluation of potential environmental impacts from the proposed offshore wind
development activities on human, coastal, and marine environments. The analyses require estimations of
impact-producing factors such as noise and the effects from the stressor on the ecosystem or receptors.
Describing the impact-producing factors requires knowledge or estimates of the duration, nature, and
extent of the impact-generating activity. Because there have been no offshore facilities constructed in the
United States prior to BIWF, model predictions will be used primarily to forecast likely impacts from
future projects.

The RODEO Program data may be used by BOEM as inputs to analyses or models that evaluate the
effects or impacts from future offshore wind turbine construction and operations, as well as facilitate
operational planning that would reduce potential impacts to the greatest extent possible. The
understanding and insights gained from the BIWF monitoring program data analyses will help BOEM to
identify, reduce, and mitigate environmental risks in the future, and significantly increase the efficiency
and efficacy of BOEM’s regulatory review process for offshore wind development in the United States.
Finally, data collected by the BIWF monitoring program will support prioritization of future monitoring
efforts and risk retirement. For example, if the BIWF monitoring data indicate that likelihood of impacts
from a particular project development phase is low or inconsequential, then such phases may not be
monitored during future projects.

It is important to note that the RODEO Program is not intended to duplicate or substitute for any
monitoring that may otherwise be required to be conducted by the developers of the proposed projects.
Therefore, RODEO monitoring was limited to selected parameters only. Also, RODEO Program
monitoring is coordinated with the industry and is not intended to interfere with or result in delay of
industry activities.

The BIWF is the first facility to be monitored under the RODEO Program. All monitoring surveys were
implemented in accordance with a pre-approved Field Sampling Plan, which included a project-specific
Health and Safety Plan (Appendix A). Table 1 identifies the types of field data collected under the
RODEO Program during construction and/or initial operations of this facility.
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Table 1. RODEO Program monitoring conducted at the BIWF.

Phase

Construction
Phase 1

Construction
Phase 2

Key Activities

o Steel jacket foundations
were installed on the
seabed using two different
types of hammers. Both
derrick barges and a lift
boat were used as
construction platforms.
Piles were installed with a
13.27° rake from the
vertical.

e WTGs were installed on
the steel foundations.

Dates
26 July-26

October 2015.

3 August-18
August 2016.

Monitoring Surveys

Visual observations and
documentation of the construction
activities.

¢ Airborne noise monitoring

associated with pile driving.
Underwater sound monitoring
associated with pile driving.
Seabed sediment disturbance and
recovery monitoring through
bathymetry surveys conducted
immediately after construction was
completed and in approximately
3-month intervals for one year.
Turbine platform scour monitoring
through installation of two scour
monitoring devices on selected
WTG foundations.

An Acoustic Wave and Current
Profiler was also deployed within
the project area.

Airborne noise monitoring.
Visual observations and
documentation of activities.

Comment

Results, conclusions and
recommendations from
Construction Phase 1
monitoring were presented in
the report entitled “Field
Observations during Wind
Turbine Foundation
Installation at the Block Island
Wind Farm, Rhode Island.
Final Report to the U.S.
Department of the Interior,
Bureau of Ocean Energy
Management, Office of
Renewable Energy Programs,
OCS Study BOEM 2018-029
(HDR 2018a).”

Results, findings, conclusions,
and recommendations from
the Phase 2 Construction
Monitoring are presented in
the report entitled: “Field
Observations During Wind
Turbine Installation at the
Block Island Wind Farm,
Rhode Island, OCS Study
BOEM 2019-027 (HDR
2019a).”



Phase

Operational
Phase

Key Activities

e Submarine transmission
power cables connecting
Block Island and mainland
were laid using a jet
plowing in the offshore
portions and horizontal
directional drilling in the
near shore area.

e Testing of the newly
installed turbines.

e Testing of the submarine
transmission power
cables.

o Facility operations.

Dates

3 June—-26 June
2016.

Operational testing
conducted from 29
August-30
November 2016.

wind farm
operation began
on 2 December
2016.

Monitoring Surveys

Visual observations and
documentation of the cable laying
activities and of turbine installation
from both on shore and off shore
locations.

Still photography and filming of
portions of trenching operations for
cable laying.

Seabed sediment disturbance
monitoring.

Post-construction seabed recovery
through bathymetry surveys.

Visual observations of the
operational wind farm from on shore
and off shore locations at varying
distances.

Airborne noise monitoring.
Underwater sound monitoring.
Seabed sediment disturbance and
recovery monitoring.

Benthic monitoring.

Comment

For details see report entitled:
“Observing Cable Laying and
Particle Settlement During the
Construction of the Block
Island Wind Farm. Final
Report to the U.S. Department
of the Interior, Bureau of
Ocean Energy Management,
Office of Renewable Energy
Programs, OCS Study BOEM
2017-027 (Elliot et al. 2017).

Results, conclusions, and
recommendations from
monitoring conducted during
turbine operations are
presented in an accompanying
report entitled: “Field
Observations during Wind
Turbine Operations at the
Block Island Wind Farm,
Rhode Island, OCS Study
BOEM 2019-028 (HDR
2019b).”

Results, conclusions, and
recommendations from this
monitoring are presented in an
accompanying report entitled:
“Benthic Monitoring During
Wind Turbine Installation and
Operation at the Block Island
Wind Farm, Rhode Island,
OCS Study, BOEM 2018-047
(HDR 2018b).”



Phase

Follow-on Data
Analyses

Key Activities
¢ Additional in-depth
analyses were conducted
using data collected
during construction Phase
1.

Dates

28 July- 31
December 2019

Monitoring Surveys

¢ No field surveys. Only desk-top data

analyses and preliminary 3-

dimensional modeling with were
conducted during this phase.

Comment

Results, finding, conclusions
and recommendations from
the additional data analyses
are presented in an
accompanying report entitled:
“Underwater Acoustic
Monitoring Data Analyses for
the Block Island Wind Farm,
Rhode Island, OCS Study
BOEM 2019-029 (HDR
2019c).”



1.2 The Block Island Wind Farm

The BIWF is the first offshore wind farm in the United States, located 4.5 kilometers (km) (2.8 mi [mi])
from Block Island, Rhode Island. Water depth in the wind farm area is approximately 30 meters (m) (98.4
feet [ft]). The five-turbine, 30-megawatt facility is owned and operated by Deepwater Wind Block Island,
LLC. Power from the turbines is transmitted to Block Island. A 32 km (19.9 mi) transmission submarine
power cable transfers excess power from Block Island to the mainland. This cable is buried under the
ocean floor and makes landfall on the mainland, north of Scarborough Beach at Narragansett.

BIWF construction began in July 2015, and was conducted in a phased manner through November 2016.
During the first phase, five turbine foundations were installed on the seabed from 26 July to 26 October
2015. These turbines were designated as wind turbine generator (WTG) 1 to WTG 5. Unlike in Europe
where the majority of the offshore wind turbines have monopile foundations, the BIWF turbine
foundations consist of a four-legged jacket structure, which is tailored to accommodate the complex
aerodynamic and hydrodynamic loading of deep waters. The four legs of the jacket structure are raked at
an angle of 13.27° to the vertical.

Phase 2 construction was completed in two steps. In Step 1, which was initiated in January 2016,
submarine power cables were laid on the seabed. In Step 2, which was conducted over a two-week period
in August 2016, a turbine tower, a nacelle, and three blades were assembled on each of the five WTG
transition decks. During this assembly, the first of three turbine tower sections was bolted in place on
each transition deck and then the other two sections were sequentially placed on top of the first section. A
nacelle was then connected to the top of the tower and three blades were installed on the nacelle.

Operational testing of the facility was conducted from August through November 2016, and the initial
operations commenced on 2 December 2016.

1.3 BIWF Operational Phase Monitoring

Operational testing was conducted at the wind farm from August through November 2016, and the facility
began commercial operations on 2 December 2016. The following types of monitoring were conducted
under the RODEO Program during the BIWF operational phase:

1. onshore and offshore visual observations

2. onshore and offshore airborne noise monitoring

3. short- and long-term underwater sound monitoring

4. benthic and epifouling monitoring.2

Monitoring methods, data, results, and observations from the first three types of monitoring are presented
in this document.

1.4 Report Organization

Key results, major observations, and conclusions from each type of environmental monitoring conducted
during turbine operations are summarized in individual sections in this report. Where applicable, raw data
and detailed discussions from the monitoring are contained in technical reports, which are provided as
digital appendices to this summary report:

2 The results from this monitoring are presented in an accompanying document entitled “Benthic Monitoring During
Wind Turbine Installation and Operation at the Block Island Wind Farm, Rhode Island”” OCS Study BOEM 2018-
047 (HDR 2019d).
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e Section 1 presents an overview of the BIWF Facility and the RODEO Program and includes a
summary description of the BIWF operations.

e Section 2 describes methods and key points from the onshore and offshore visual observations of
the operating turbines.

e Section 3 contains a description of the methods, data analyses, results, and observations from the
onshore and offshore airborne noise monitoring.

e Section 4 presents the methods, data analyses, results, and observations from the underwater
acoustic monitoring.

e Section 5 lists references cited in the report.

2 Visual Monitoring

The purpose of the operational phase visual monitoring was to document visibility of the operating
turbines from selected onshore and offshore locations under varying conditions and at different times. All
field activities were conducted in accordance with a BOEM-approved Field Sampling Plan, which
included a project-specific Health and Safety Plan (Appendix A). Visual observations were recorded by a
team of two observers over a five-day period (19 to 23 June 2017). On-site training was conducted by the
Field Team Leader at the start of the field effort to ensure consistency in describing activities and
recording observations by the observers.

The observations were recorded from the following three strategically selected onshore locations (Figure
2):

e The Southeast Lighthouse, which is located approximately 4.6 km (2.83 mi) from the turbines

e Point Judith, located approximately 26.32 km (16.35 mi) from the turbines

e Brenton Point State Park, which is located approximately 38.28 km (23.79 mi) away.

Data were recorded daily at early morning, mid-day, late afternoon, and at night (approximately 1 hour
after sunset). The night-time shoreline observations were intended to record and characterize the turbine-
associated lighting visible from shoreline. In addition to the post-sunset shoreline observations, one round
of offshore observations also were conducted on a clear night from a locally chartered fishing vessel, the
F/V Hula Dog, to determine how far from the turbines the lights were visible after sunset.

During daytime and nighttime, shoreline observations included taking a series of photographs from a
fixed location, at the same angle, using a constant zoom setting with a tripod-mounted camera setup. In
addition, a vessel was used to determine how far offshore the turbine lights could be seen at night. For
this assessment, photographs of the turbines were taken from the survey vessel as it travelled away from
the facility until the lights were no longer visible. Video recordings were made as necessary to document
unusual sightings or infrequent occurrences. Visual monitoring field logs and meteorological conditions
affecting the visibility of the turbines are shown in Appendix B.

During each recording event, a set of still photographs and high-resolution video of the operating turbines
were recorded from the monitoring location using a Canon 5D Mark 11l camera with a 70- to 200-
millimeter (mm) telephoto lens and Canon 7D with a 100 to 400 mm lens . The telephoto lens was wide
enough to capture ambient lighting and environmental conditions and had the capability of zooming in for
closer images. To ensure that photographs taken at different times could be compared side-by-side, the
same camera angle and a constant zoom setting was used, and the camera was mounted on a tripod to
maintain image consistency. The 5-day monitoring period was characterized by a range of meteorological
conditions, from heavy fog to clear days.

Observations were recorded using a customized iPad application (app), which was specially created for
this project using the database platform FileMaker Go. A screenshot of the iPad app input screen is shown
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in Figure 3. The app was field tested prior to field monitoring, and standardized data entry procedures
were used for data entry to ensure consistency among field observers. Observers took a photograph and
then recorded the photograph frame number along with notes of activity observed, time, and weather
conditions. Meteorological data recorded included wind direction, sea state, cloud cover, and humidity.
These data were verified, quality checked, edited if needed, and backed up on a dedicated hard drive at
the end of each day.

Balls

Poimt

Figure 2. Visual Monitoring Locations.
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Figure 3. Sample data log screen from the iPad App.

2.1 Observations
2.1.1 Southeast Lighthouse

The WTG coordinates and their distance from Southeast Lighthouse are listed in Table 2. The lighthouse
is situated on top of Mohegan BIuff at the southeastern corner of the island at an elevation of
approximately 75 m (246 ft) above mean sea level and approximately 4.6 km (2.83 mi) away from the
wind farm. From the lighthouse grounds, the survey team had a clear unobstructed view of the turbines as
they were assembled on the foundations. Access to the lighthouse grounds was coordinated with the
Southeast Lighthouse Foundation.

Clear weather prevailed on 22 June 2017. There was some cloud cover with a high temperature of 75
degrees Fahrenheit, humidity at approximately 84 percent with a slight southwest wind. Photographs of
the spinning turbines taken on this date are shown in Figures 4 and 5. Figure 6 shows a photograph
taken from Block Island’s Old Harbor, which is located to the south of the ferry dock. Figure 7 is a night-
time photograph, which shows the navigational warning lights on WTG 3.
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Table 2. WTG coordinates and distance from Block Island.

WTG Latitud_e Longitu_de Distance from Block
(Deepwater Wind 2016) (Deepwater Wind 2016) Island
1 41°7.546’ N 71°30.451" W 4.55 km (2.83 mi)
2 41°7.193' N 71°30.837’ W 4.69 km (2.91 mi)
3 41°6.883' N 71°31.270 W 4.81 km (2.99 mi)
4 41°6.609' N 71°31.744' W 4.97 km (3.09 mi)
5 41°6.380' N 71°32.258' W 5.17 km (3.21 mi)

Figure 4. WTG 3 as seen from the Southeast Lighthouse on a clear day (22 June 2017)
(Photograph taken with lowest camera focal length setting of 200 mm).

Figure 5. WTGs 4 and 5 seen from the Southeast Lighthouse on a clear day (22 June 2017)
(Photograph taken with lowest camera focal length setting of 200 mm).
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Figure 6. View of the turbines from Old Harbor, Block Island (22 June 2017).

Figure 7. WTG 3 as seen from the Southeast Lighthouse at night (22 June 2017; 9:15 pm).
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The area experienced heavy fog on 19 and 20 of June 2017 and under foggy conditions the turbines and
its lights were not visible from approximately XX km (3 mi) away (Figure 8). Figure 9 shows a
photograph taken in the early morning of 22 June 2017 prior to the haze burning off from the water area.
Conditions on Block Island were clear at this time.

Figure 8. WTGs are not visible from Block Island because of heavy fog on 20 June 2017.

Figure 9. WTG 5 barely visible from Block Island because of haze on 22 June 2017.
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2.1.2 Point Judith

The WTG coordinates and their distance from Point Judith shoreline are shown in Table 3. Observations
were recorded from the Camp Cronin Fishing Area, which is situated to the west of Point Judith
Lighthouse, approximately 2.82 km (1.75 mi) from the Block Island ferry terminal. The turbines are
located approximately 26.32 km (16.35 mi) offshore. Coordinates of the monitoring station were:
41°21'43.8"N 71°29'09.3"W. During the day, this area was not congested with visitors, and at night it was
characterized by low ambient lighting.

Table 3. WTG coordinates and distance from Point Judith.

Latit Longit . .
e (Deepwataer \lj\?iﬁd 2016) (Deepwzf\)teiJ Wui(:]% 2016) DITEEE i) [ JUCHIT
1 410 7.546’ N 710 30.451"'W 26.32 km (16.35 miles)
2 410 7.193’' N 710 30.837" W 27.01 km (16.78 miles)
3 4106.883' N 710 31.270' W 27.64 km (17.17 miles)
4 410 6.609’ N 710 31.744' W 28.22 km (17.54 miles)
5 4106.380’ N 71032.258' W 28.74 km (17.86 miles)

On a clear day, both Block Island and the turbines were visible from the monitoring station with the
naked eye during the day and at night. Figures 10 and 11 depict the turbines as seen from the Point Judith
monitoring station on a clear day (22 June 2017).

Figure 12 shows a nighttime view from Point Judith on 21 June 2017; all five 5 WTGs are visible along
with lights on Block Island. The turbines are not visible from Point Judith under foggy conditions as
shown in Figure 13.

2.1.3 Brenton State Park

The WTG coordinates and their distance from Brenton State Park are listed in Table 4. The park is
located near the southwestern tip of Aquidneck Island in the town of Newport, Rhode Island. It has an
unobstructed view of Block Island, and the turbines are located approximately 38.28 km (23.79 mi)
offshore. The coordinates of the monitoring station were: 41 27.014' N 71 21.200' W.

Table 4. WTG coordinates and distance from Brenton State Park.

WTG Latitud_e Longitu_de Distance from Brenton
(Deepwater Wind 2016) (Deepwater Wind 2016) State Park

1 410 7.546’ N 710 30451 W 38.28 km (23.79 miles)

2 410 7.193' N 710 30.837' W 39.08 km (24.28 miles)

3 410 6.883’' N 710 31.270' W 39.83 km (24.75 miles)

4 410 6.609’ N 710 31.744' W 40.54 km (25.19 miles)

5 4106.380° N 71032.258' W 41.20 km (25.60 miles)

During daytime, Block Island is barely visible from the park and the turbines cannot be seen with the
naked eye (Figure 14). On a clear night, however, the WTG lights can be seen from the park (Figure 15).
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Figure 10. Block Island and the turbines as seen from the Point Judith monitoring station under
clear conditions on 22 June 2017.

= Y

Figure 11. The five turbines as seen from the Point Judith monitoring station under clear
conditions on 22 June 2017.
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Figure 12. Nighttime view from Point Judith on 21 June 2017; all five WTGs visible along with
lights on Block Island.

Figure 13. Turbines not visible from Point Judith under foggy conditions on 20 June 2017.
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Figure 14. Turbines not visible from Brenton State Park during the day even under clear
conditions.

Figure 15. Lights on all five turbines are visible from Brenton State Park on a clear night.
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2.1.4 Night-time Offshore Monitoring

Structures that protrude into the sky, depending on their height, can create safety hazards for aircraft that
must navigate around them. Any structure that is taller than 61 m (200 ft) above ground level is subject to
Federal Aviation Administration lighting requirements. The BIWF turbines are 180 m (600 ft) tall and are
therefore equipped with lights on the top so they can be clearly seen from a distance during poor weather-
related light conditions such as fog and mist and at night time. The purpose of the night-time offshore
monitoring was to determine how far offshore the turbine lights were visible with the naked eye.

Offshore night-time observations were recorded using a local charted fishing vessel on the night of 22
October 2017. The vessel departed Block Island at 7 PM on a 210° heading under clear skies. Still
photographs of the turbines were taken at periodic intervals as the vessel sailed away from the turbines
using a Canon 5D EOS with a 100 to 400 mm lens. Observations were recorded until the vessel was
approximately 44.3 km (27.5 mi) away at which point the turbine lights could not be seen under clear
skies even with the use of binoculars. The furthest point from the turbines that the lights were visible with
the naked eye was 43.1 km (26.8 mi).

Figure 16 is a photograph taken approximately 24.1 km (15 mi) from the turbines. The photograph in
Figure 17 was taken at approximately 42.8 km (26.6 mi) away just before the observer lost sight of the
lights.

Figure 16. All five turbines lights are visible on a clear night from approximately 24.1 km (15 mi)
offshore.
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Figure 17. Turbine lights from 42.8 km (26.6 mi) away just before the observer lost sight of them.

2.2 Discussion and Conclusions

The operating turbines were observed from various onshore and offshore locations during day-time,
night-time, and various weather conditions. Key conclusions are as follows:

During daytime and under clear weather conditions, the turbines are noticeably visible from the
Southeast Lighthouse shoreline on Block Island (approximately 4.6 km [2.83 mi] away).
During daytime and under foggy conditions, the turbines and its lights cannot be seen from
approximately 4.6 km (2.83 mi) away.

From the Point Judith shoreline, on a clear day, both Block Island and the turbines are visible
with the naked eye during the day and at night.

Neither the island nor the turbines are visible from Point Judith under foggy conditions.

During daytime, Block Island is barely visible from Brenton State Park, which is located
approximately 38.28 km (23.79 mi) from the turbines and the turbines cannot be seen with the
naked eye.

On a clear night, however, the turbine lights are visible from Brenton State Park.

Offshore, at nighttime and under clear skies, the turbine lights are visible with the naked eye up to
43.05 km (26.75 mi). The lights cannot be seen even with binoculars on a clear night at an
offshore distance of 44.3 km (27.5 mi).

Overall, day-time visibility of the turbines from land and water is strongly dependent upon weather
conditions and distance. At night, the turbine lights can be seen on a clear night from as far away as 42.8
km (26.6 mi).
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3 Airborne Noise Monitoring

The construction and operation of an offshore wind farm will necessarily generate noise from sources
such as transportation of construction equipment and materials, operation of construction equipment
including pile driving, and operation of the assembled wind turbines. Because 1) the purpose of the
RODEO Program is to make direct, real-time measurements of the nature, intensity, and duration of
potential stressors during the construction and operations of offshore wind facilities and 2) both airborne
noise and underwater sound could potentially be major stressors, an elaborate airborne noise and
underwater sound monitoring program was undertaken during the construction and operational phases of
the BIWF. The objective of the program was to collect real-time data that would be used to improve
model predictions of likely impacts associated with future offshore wind facilities.

Methods, results, and conclusions from airborne noise monitoring conducted during the construction
phase were previously reported (HDR 2018). Methods, results, and conclusions from airborne noise
monitoring conducted during the installation of the tower sections on the WTG foundations are presented
in an accompanying document®. Methods, results, and conclusions from airborne noise monitoring
conducted during wind turbine operations are presented in this section.

Continuous airborne noise monitoring was conducted at an onshore location over a three-month period (8
February to 28 May 2017) to record noise levels emanating from the turbine operations. A Svantek 979
sound level meter, connected to an external power supply, was installed at the top of the Southeast
Lighthouse, with the microphone extending 1 m (3.3 ft) from the side of a lighthouse window, with full
view of the ocean to the south (Figure 18).

Figure 18. View of the Southeast Lighthouse with microphone protruding from the right of the
lighthouse, above the roof line of the building behind the lighthouse. [Right] View of microphone
from the lighthouse window.

® Field Observations During Wind Turbine Installation at the Block Island Wind Farm, Rhode Island, OCS BOEM
2019-027 (HDR 2019a).
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In addition, offshore noise airborne level monitoring also was conducted during the operational phase
using a Svantek 979 sound level meter installed on a survey vessel, the 36’R/V Rooster. The microphone
was located approximately 2 m (6.6 ft) above sea level with the vessel drifting past the turbine with the
wind, and with the engines shut down on the vessel. Measurements were taken continuously along the
passing transect, with the closest point to the turbine between 50 and 100 m (164 and 328 ft) from the
turbine tower, but were observed up to 750 m (2,460.6 ft) and beyond.

Results and key findings from the monitoring are summarized below. All noise measurements are
reported as decibels (dB) relative to 20 micropascals* (uPa). Additional details are presented in Appendix
C.

3.1 Onshore Airborne Noise Monitoring Results

Data from the 14-week survey indicated that airborne noise from turbine operations was inaudible at the
monitoring location on Block Island. A representative dataset from the onshore monitoring is shown in
Figure 19, which illustrates data from monitoring conducted in March and April 2017. Wind conditions
are shown at the top of the figure for comparison. The horizontal red bar in the wind conditions chart
identifies the southeast compass point. The red boxes show the times when the monitoring location was
downwind of the BIWF, i.e., where the red dots coincide with the red bar.

Wrat Speal, kmt
§ oGHBAESIES

13 Ocave Jon

frequency. W

Figure 19. Noise measurement summary at the Southeast Lighthouse, 6 to 13, March 2017. Top
chart: wind speed (blue line) and wind direction (red dots). Transparent red bar shows south-east
orientation. 2" chart: dB LAFmax® noise level time history. 3" chart: dB LAFeq (10 minute
average) noise level time history. Bottom chart: LAeq® spectrogram showing frequencies between
10 Hz and 10 kHz.

* Approximately the quietest sound a human can hear on land.
® LAFmax = A-weighted, fast response, maximum, sound level, note: maximum is not peak

8 LAeq = A-weighted, equivalent sound level
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In Figure 19, the continuous high noise levels observed on 27 March extending into 28 March are caused
by the foghorn warning system near to the lighthouse. This also appears on the night of 1 April but is lost
in the loud background noise, caused by high winds.

There are a number of low-level tonal noises visible across the spectrogram; these can be seen as faint
horizontal lines primarily starting from just under 100 Hertz (Hz) to just under 1,000 Hz, which do not
coincide with the foghorn. These tend to coincide with times when the wind is blowing towards the
BIWF. These would need to be loud to propagate from the turbines against the wind, and thus there is
neither evidence nor indication that the noise is related to the turbines in any way. It may be caused by
wind ‘whistling” around structures near the lighthouse.

The period of late-night 30 March through the middle of the day on 1 April provides the most useful data,
as it shows an increasing wind speed with a continuous southeasterly direction. The low wind speed at the
start of the period is reflected in the low noise levels. Increasing wind leads to increasing broadband noise
levels as would be expected where produced by vegetation (e.g., wind in the trees and bushes). Any
potential tonal noise or hum that could be indicative of the operational WTGs is masked by the ambient
noise at the time.

There are some isolated and intermittent features that can be seen in the figure at 2 to 3 kilohertz (kHz),
e.g., in the morning of 30 March, and in the morning and evening of 2 April. Although distinct, these
generally occur at upwind times and so are unlikely to be linked to the turbines.

3.2 Offshore Airborne Noise Monitoring Results

The following two sets of measurements were taken from the survey vessel in the immediate vicinity of
the turbines:

e 19 October 2017, 13:00-14:00. Wind NE approximately 8 to 9 meters/second (m/s), dry, blade
speed approximately 11 revolutions per minute (rpm).

e 3 October 2018. 13:45-14:35. Wind SW approximately 3 to 4 m/s, dry, blade speed
approximately 6 rpm.

The wind speed during measurements was strong enough to turn the blades at approximately 6 rpm. The
wind was not high enough to cause significant wave breaking, although some contribution from
background noise caused by waves against the side of the vessel could not be avoided. Initial analysis of
the noise measurements proved challenging; although perceptible to a human observer, the noise was
difficult to identify around the background noise using standard analysis of overall (A-weighted) or 1/3
octave band frequency analysis, even at distances less than 200 m (656 ft) from the tower.

The audible noise could be broken down into two components: continuous noise, or hum, from the WTG
internal machinery, and the regular ‘swish’ from blades as they passed. There also appeared to be an
indirect contribution from wind passing around the tower or blades.

High resolution (narrow-band frequency) analysis of measurements on both days provided more
information and showed a low-level tonal contribution between 70 and 80 Hz on both sampling days in
2017 and 2018. Another band at 2 kHz was audible and visible in narrowband analysis on 3 October 2018
only.

On 19 October 2017, a noise level from 63 to 67 dB LAFeq was measured during blade swishes at
approximately 50 m (164 ft), drifting downwind and away from the turbine tower WTG 5, equivalent to
65 dB LAeg,1m. Longer term sampling was not possible as the vessel was allowed to drift to minimize
background noise. Although this was the cleanest measurement taken, with the minimum of
contamination from ‘self-noise’ (primarily wave slap on the vessel, and waves breaking), this figure can
only be an indicative guide and it is not recommended to be used in any formal assessment due to the
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many contributing factors, primarily the variable distance and significant contribution from natural
sources.

An illustrative sample is shown in Figure 20. Fluctuating wind noise as it blows around the tower and
blade structure causes increases between 3,000 and 4,000 Hz. Blade passes (swish) can be seen as mid-
frequency vertical bars approximately every second; this may imply an airborne-water noise path
contribution to the noise from the wind turbine. Any noise directly generated by the turbine machinery
appears to be limited to frequencies below 50 Hz, with most noise produced by the movement of air.
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Figure 20. Spectrogram showing narrow-band analysis of offshore noise measurement, 19
October 2017, at approximately 50 m downwind of BIWF WTG 5 to show characteristics.
Horizontal axis: Time (seconds); Vertical axis: Frequency (Hz).

3.3 Discussion and Conclusions

Airborne noise from turbine operations was not detected at the onshore monitoring station on Block
Island at any time during the 14 weeks of monitoring, and noise levels in the vicinity of the turbines were
low. Noise levels were sampled 65 dB LAeq,1m at 50 m (164 ft) from the turbine tower, and even this
level of noise appeared to be significantly influenced by natural ambient noise. In isolation, the airborne
noise from turbine operations would be less than the 65 dB LAeq,1m.

The lack of airborne noise detected may also be due in part to the fact that when the turbines are operating
at high outputs, the background noise levels also increase onshore due to movement of vegetation. The
overall conclusion from the operational phase airborne noise monitoring is that as part of a risk
mitigation plan this type of monitoring could be bypassed for future facilities.
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4 Underwater Sound Monitoring

Numerous studies have been conducted in Europe to investigate underwater sound associated with wind
turbine operations (Westerberg 1994, Degn 2000, Lindell 2003, Nedwell et al. 2004, Thomsen et al. 2006,
Nedwell et al. 2007, Nedwell et al. 20113, b). In general, the sound associated with wind turbine
operations has been described as continuous in nature, and characterized by one or more tonal
components typically at frequencies below 1,000 Hz (Degn 2000, Betke et al. 2004, Madsen et al. 2006,
Wahlberg and Westerberg 2005, Tougaard et al. 2009, Sigray and Andersson 2011).

The consensus is that the sound from the operating turbines originates from the rotation of the wind-
powered components, which causes mechanical vibrations in the nacelle that are transmitted down to the
turbine foundation and into the surrounding water column and seabed. The correlation of mechanical
vibrations of the turbine tower with sound pressure and particle motion measurements in the water
column has been reported by several studies including Lindell (2003) and Sigray and Andersson (2011)
and has been corroborated through model simulations (Marmo et al. 2013).

The relationship between wind speed induced rotation of the turbine components and the radiated
underwater noise characteristics during particular wind conditions has also been investigated by several
researchers (Lindell, 2003; Betke, 2004; Tougaard et al., 2009; Sigray and Andersson, 2011).

Similar to all European offshore wind turbines, the BIWF turbine operations also were expected to
produce some level of underwater sound that would radiate into the surrounding water column and
adjacent seabed. Underwater sound monitoring was therefore conducted within the project area to gather
data for characterizing sound levels, frequency content, and temporal properties. Data were also compared
to the updated 2018 temporary and the permanent threshold (TTS and PTS) shift onset criteria
recommended by the National Marine Fisheries Service Marine Mammal Guidance (2018).

Different types of acoustic sensors and recorders were deployed at strategic onshore, offshore, and
underwater locations within the BIWF Project Area to record the intensity and duration of sounds
produced during turbine construction and operations in real time. Methods, results, and conclusions from
underwater sound monitoring conducted during the construction phase were previously reported (Elliott
et al. 2016, HDR 2018). Methods, results, and conclusions from underwater sound monitoring conducted
during wind turbine operations are presented in this section.

Monitoring was conducted at different depths and ranges, for varying durations, and at different times of
the year to gather data for evaluation of spatial, temporal, and seasonal differences. Unlike the
construction phase monitoring during which sensors could only be placed outside the U.S. Coast Guard
established 457.2 meters (1,500 feet or 500 yards) safety zone around each foundation site, during the
operational phase acoustic measurements were recorded 50 to 100 meters (164 to 328.1 feet) and beyond
from selected turbine foundations. The acoustic data were analyzed for sound pressure level, frequency
content, temporal properties, and where appropriate impulsiveness. Concurrent oceanographic and
geologic conditions were also measured during the monitoring and incorporated into the data analyses and
conclusions.

4.1 Survey Methods

Acoustic and seismic signals were measured and recorded during winter (20 December 2016 to 7 January
2017) and late summer (2 October to 3 November 2017) conditions. In addition, extended underwater
acoustic monitoring was also conducted over 100 days during summer 2017 (15 July to 24 October 2017).
The following types of monitoring systems were deployed:

¢ An eight-element hydrophone horizontal line array (HLA), and a four-element hydrophone
vertical line array (VLA) for measurement of levels of sound generated by the wind turbines.
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These stationary arrays were used to measure and record sound levels in the water column at
specified distances from the turbines.

e A stationary geosled equipped with 1) four sound pressure hydrophone tetrahedral array
arrangement for measurement of acoustic pressure and estimation of particle velocity near the
seabed, and 2) a three-axis geophone with a low sensitivity sound pressure hydrophone for
measurement of sediment motion and acoustic pressure on the seabed. The geosled configuration
was configured to measure both the seabed and water column signals in close proximity. This
data was used to assess and predict potential impacts of the measured sound levels on pelagic and
demersal fish.

o A three-element omnidirectional microphone array with four recorders for simultaneous
measurements of sound at the air/sea boundary to gather data to improve understanding of the
air/sea acoustic interaction.

e A towed seven-element hydrophone array coupled with a Lubell sound source. This assembly
was used to collect acoustic transmission data used to validate a three-dimensional sound
propagation model established for the BIWF area. The results from the 3-dimensional modeling
are presented in an accompanying document’.

e A stationary hydrophone that was deployed on the sled placed on the seabed for extended
underwater acoustic monitoring.

All moorings were deployed and recovered from the Woods Hole Oceanographic Institution (WHOI)
vessel R/V Tioga (Figure 21). This vessel is equipped with an on-board GPS tracking system, sea surface
sensors and a calibrated conductivity, temperature, and depth (CTD) sensor.

Figure 21. WHOI Research Vessel R/V Tioga.

Deployment dates, locations, and water depths for each recording system deployed during the monitoring
are presented in Table 5. Figure 22 is a schematic that shows the relative positions of the various sensors.

" Underwater Acoustic Monitoring Data Analyses for the Block Island Wind Farm, Rhode Island, OCS Study
BOEM 2019-029 (HDR 2019c).
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Table 5. BIWF Operational Phase Underwater Acoustic Monitoring Summary.
Deployment
Season/ Dates
Short-term Seasonal Monitoring
Vertical Line Array®

Principal Deployment Latitude (N)/

SyEiEms DEp eyEe Investigator Locations Longitude (W)

WHOI ~7.5 Km (4.7 mi) 41 06.38118

Winter 2016 (VLA) from WTG 5 71 24.30420
inter . . .
(20 December 2016 Horizontal Line Array WHOI 15 Km (31.6mi) 41 00.7514
t0 7 January 2017 (HLA) from WTG 5 71 24.2037
Geosled URI ~100 m (328 ft) 41 06.38298
from WTG 5 71 32.27400
~100 m (328 ft) 41 07.5968
Late s ro17 4-element VLA WHOI from WTG 1 71 30.4749
ate Summer
(2 October to 3 8-element HLA WHOI 120 m (394 i) 4106.4454
November 2017) from WTG 5 7132.2319
~100 m (328 ft) 41 06.3921
Geosled #917/910 URI from WTG 5 71323147
3-element
Omnidirectional 41 07.5438
2 October 2017 microphone array with WHOI WTG 1 71 30.4536
four recorders
Extended Summer Monitoring
Summer 2017 .
Single Hydrophone 41 06.3515
(15 July to 24 Monitoring System Subacoustech WTG 5 71321730

October 2017

® The VLA was accidentally dislodged from its mooring by a fishing vessel halfway the deployment period.
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Water Depth
(m)

26
40
23
28.6
26

23

NA

30

Remarks

Concurrent sampling in air

and water to generate data

for interpretation of air/sea
interaction



Summary of instrumentation

(1) Geophysical sled with tetrahedron of
hydrophones and 3-axis geophone

@ Vessel with microphone array

Vertical arrays of 4 hydrophones

(4) Vessel with towed array and source

sediment ~ ~50m 100m

7.5 km

Figure 22. Schematic showing relative placement of the various monitoring sensors for measurement of acoustic and seismic signals
during offshore WTG operations (nominal ranges).
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4.2 Winter 2016 Monitoring Results

During 2016 winter, the BIWF Project Area was characterized by strong winds and multiple storms,
which resulted in a well-mixed water column with constant temperatures near WTG 5 (Figures 23 and
24). Farther offshore (approximately 7.5 km [4.7 mi]), the water column was approximately 2 degrees
warmer compared to WTG 5; this would influence the speed of sound in the water column (Figure 25).
Wave height measurements obtained from the National Oceanic Atmospheric Administration National

Data Buoy Center indicated an average wave height of approximately 2 m (6.5 ft) recorded by a buoy
close to Block Island (Figure 26).
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Figure 23. CTD temperature profile at WTG 5 showing a well-mixed water column.
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Figure 24. Sound speed from December 21 CTD cast showing an isovelocity profile at WTG 5.
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CTD2 Temperature BIWF Dec 21, 2016
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Figure 25. CTD Profile at 7.5 km offshore (2 degrees warmer than at WTG 5).
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Figure 26. Wave height in meters from mean low tide from a National Data Buoy Center buoy near
Block Island indicating a stormy 2016 winter season.
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4.2.1 Vertical and Horizontal Line Array Monitoring Data

As expected, the VLA and HLA monitoring data indicated that the underwater soundscape during the
turbine operations was dominated by winter weather conditions. Figure 27 shows a calm sea period
recorded from the HLA hydrophone. The low frequency signals from approximately 60 Hz to
approximately 120 Hz seen in this spectrogram are representative of distant ship noise, and these signals
were recorded throughout the 2016 winter monitoring dataset.
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Figure 27. HLA hydrophone spectrogram from a calm sea winter day showing low frequency
sounds from distant vessels.

Figure 28 shows a spectrogram with no obvious low frequency signature but an increase in marine
mammal vocalizations. No sound from the operating turbines was recorded at the HLA location even
under calm weather conditions, which would allow long range underwater sound propagation.
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Figure 28. HLA hydrophone spectrogram when the turbines are apparently not operating and the
appearance of marine mammal vocalizations.
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4.2.2 Geosled Monitoring Data

Acoustic pressure gradient data collected by the hydrophones on the geosled was used to compute
acoustic particle accelerations using the following equation:

ou
-Vp= PE
p acoustic pressure
u acoustic particle velocity
p density

The particle velocity was estimated from the above equation by numerically integrating the particle
accelerations.

The spectrogram in Figure 29 shows the acoustic sound measured at 100 m (328.1 ft) on one of the
hydrophones in the tetrahedral array. Probable tonal sound from the turbine is seen at approximately 71
Hz. The acoustic level was measured at approximately 90 dB re 1 pPa (rms). The intense acoustic
signature at 20 Hz is from a vocalizing fin whale. These fin whale received levels were measured at 125
dB re 1 pPa (peak).

Hydrophone 2 of Tetrahedral Array, December 26, 2016
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Figure 29. WTG operational sound spectrogram from the tetrahedral array hydrophone. Probable

tonal sound from the turbine is seen at approximately 71 Hz. The intense acoustic sighature at 20
Hz is from a vocalizing fin whale.
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Figure 30 shows the spectrogram of sound measured on the tetrahedral array on 26 December 2016 at
approximately 02:25 UTC showing an approaching vessel. The striation pattern is due to the waveguide
propagation effects. The vessel was identified using the Automated Identification System.
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Figure 30. Spectrogram of sound measured on the tetrahedral array on 26 December 2016 at
approximately 02:25 UTC showing an approaching vessel. The striation pattern is due to the
waveguide propagation effects. The vessel was identified using the Automated Identification
System.

Acoustic particle velocity measurements recorded during WTG operations are shown in Figure 31. The
left panel shows the measurements from geophones on the seabed. The right panel shows the particle
velocity calculated using the gradient of pressure measured on the tetrahedral array. The velocities are
shown in dB re 1 nm/sec. The peak values are approximately 40 dB re 1 nm/sec, which is much less than
the values measured during construction.

Particle accelerations calculated from the BIWF operational phase monitoring field measurements were
compared with published behavioral audiograms for some of the fishes (Figure 32). The left panel shows
the frequency distribution of particle acceleration calculated using the tetrahedral array data and the right
panel shows the geophone data. Particle accelerations are shown in dB re 1 pm/s’.

Acoustic pressure measurements recorded during the BIWF operational phase monitoring (red line in
Figure 33) were also compared with data recorded during the BIWF construction Phase 1 monitoring
(black line). Some variations in data may be attributable to the slightly different monitoring locations
between the two phases: approximately 500 m (1,640 ft) away from the base of WTG 5 during
construction® versus 100 m (328.1 ft) away from the same turbine.

® During the construction phase, a 500-yard safety zone was enforced and monitoring equipment could only be
deployed outside this boundary.
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Figure 31. Acoustic particle velocity measurements during WTG operations.

Note: The left panel shows the measurements from geophones on the seabed. The right panel
shows the patrticle velocity calculated using the gradient of pressure measured on the tetrahedral
array. The velocities are shown in dB re 1 nm/sec.
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Figure 32. Particle acceleration data comparison between BIWF operational phase monitoring
field measurements and published behavioral audiograms for selected fishes.

Note: Behavior audiograms: Atlantic salmon (Salmo salar) (Hawkins and Johnstone 1978), Plaice
(Pleuronectes platessa) and Dab (Limanda limanda) (Chapman and Sand 1974), Atlantic cod (Gadus
morhua) (Chapman and Hawkins 1973).
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Figure 33. Acoustic pressure data comparison between BIWF operational phase and construction
phase field measurements.

4.2.3 Conclusions from 2016 Winter Operational Phase Underwater Acoustic Monitoring

Key conclusions from the winter operational phase underwater acoustic monitoring are as follows:

1. The monitoring period was marked by stormy weather. During calm periods between the storms,
sound suspected to be from WTG 5 was measured as a modulated sinusoidal signal at
approximately 71 Hz.

2. Lower level spectral lines were also recorded, but these lower measurements could not be
conclusively attributed to turbine operations.

3. The sound speed profile was almost constant throughout the water column during the
measurement period.

4. Surface wave heights peaked at approximately 5 m (16.4 ft) during the stormy winter
measurement period mixing the water column and causing the sound speed profile to be
isovelocity (constant sound speed).

5. Other sources of sound measured included vocalizations from fin whales and humpback whales
and shipping.

6. Particle velocities measured were below the threshold of some of the fishes for which audiograms
are available.

7. Overall, sound pressure levels measured in winter during turbine operations were lower than
those recorded during the construction phase.
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4.3 Late Summer 2017 Monitoring Results

As expected, during summer the water temperatures (Figure 34) were almost twice as high as those

recorded in winter.
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Figure 34. HLA SBE39 T/P temperature record at WTG 5. The temperatures recorded during this
time were twice as high as those recorded during winter deployments.

Wave activity pressure records were compared to water column temperatures (Figure 35) and the profile
clearly showed surface water warming from 8 to 12 October, which could create downward refracting

sound conditions.
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Figure 35. VLA temperature profiles from an array of sensors attached to the VLA with an overlay
(white) with water depths at WTG1.

The summer monitoring period was marked by two storms (Figure 36), which resulted in a mixed water
column. A CTD cast from the R/V Tioga during the same period (Figure 37) also shows a well-mixed
water column profile and constant sound speeds (isovelocity).

38



22

Block Island Depth sbe0294 hla_sled

23+

N ~N
w L
T

Depth (m)

N
(=]

27 -

28

il

T

m i

,\a
ikl

w I

il
.'\'

10/01

Figure 36. HLA SBE39 T/P sensor depths showing surface tides and surface wave activities due to

10/08

10715

Date 2017

10722

10729

two large storms on 26 and 31 October 2017.

BIWF CTD Oct 03, 2017

o i Temp i o Sallplty o YSVP'
/ 1 !
5 ] 5 \ 5 J
| \ {
\
10} |’ 10} | {1 10} f
L L R E o L - L
£15 £15 ) Fé 15
< @ Q
a [ ( Q |
{
20 { 20 é 20 /
{ |
25} ‘ 25} i 25 j
i \ |
30 - : 30 : 30 :
16 18 31 32 33 1506 1508 1510 1512
Temp (deg C) Salinity (psu) Sound Speed (m/s)

Figure 37. CTD cast from the R/V Tioga showing a well-mixed water column (2 October 2017 at
17:21 UTC at WTG5).
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4.3.1 Vertical and Horizontal Line Array Monitoring Data

Spectrogram from all four channels of the VLA deployed at WTG 1 are shown in Figure 38. The signals
under 40 Hz for all channels are mooring sounds due to windy events and currents. The vertical stripes
seen in this figure are vessels that were in the vicinity. Recreational fishing activity was observed each
time the site was visited. Long-term sound can be seen at approximately 70 and 120 Hz on all four
channels. The large increase in sound after 23 October is most likely caused by storms.
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Figure 38. Spectrograms at 20 to 140 Hz from each VLA sensor at WTG1.

To evaluate frequency distribution, each channel’s data were analyzed for frequency content by creating a
power spectrum, which describes the distribution of a received signal into frequency components
composing that signal (Figure 39). The significant contributors to the distribution are identified in the
figure. The low frequencies are dominated by mooring sound and the higher frequencies are dominated by
ambient sound. Acoustic signals show up as peaks at 30, 60, 70 and 120 Hz. The width of the
distributions are caused by the presence of boat noise, which made longer delay times in the density
estimates.
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Figure 39. Frequency distributions from all four hydrophones on the VLA at WTGL.

Operational sound statistics in %5 octave bands from the late summer deployment are summarized in
Table 6. The operational turbine sound mean and standard deviation from the VLA at WTG 1 are shown
in Tables 6 and 7. Operational turbine sound mean and standard deviation from the HLA at WTG 5 are
shown in Tables 8 and 9. The data indicate that the mean changes little from WTG 1 to WTG 5, but the
standard deviation is larger at WTG 5, most likely due to increased boat activity in the area.

Table 6. Operational average power spectrum density level (PSD, dB re pPa /1Hz) in the first
seven octave bands from SHRU VLA at WTG 1.

Band # Fr(‘énge”r‘):y CHO CH1 CH2 CH3
0 31.25 61.4 66.7 61.7 66.2
1 62.50 58.5 60.8 59.6 61.7
2 125.00 57.8 58.8 57.7 58.7
3 250.00 56.1 56.5 55.5 55.9
4 500.00 53.8 54.1 53.4 53.6
5 1000.00 51.0 51.3 50.8 51.1
6 2000.00 47.3 47.4 46.9 47.2
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Table 7. Standard deviation power spectrum density level (PSD, dB re pPa /1Hz) in the first seven
octave bands from SHRU VLA at WTG 1.

Band # Fr(igz:aenrc):y CHO CH1 CH2 CH3
0 31.25 11.7 13.0 11.0 11.0
1 62.50 10.4 10.8 9.4 10.0
2 125.00 9.2 9.6 8.6 9.3
3 250.00 8.3 8.6 7.9 8.7
4 500.00 7.7 8.1 75 8.0
5 1000.00 7.7 7.9 7.5 7.8
6 2000.00 7.9 8.1 7.7 7.9

Table 8. Average power spectrum density level (PSD, dB re uPa /1Hz) in the first seven octave
bands from the horizontal line array at WTG 5.

Band # Fr(‘zgr‘:te;;y CHO CH1 CH2 CH3
0 31.25 55.9 58.4 59.7 59.9
1 62.50 57.5 59.5 61.3 61.6
2 125.00 56.3 58.5 60.2 60.2
3 250.00 54.5 57.5 58.1 58.4
4 500.00 51.5 54.6 56.2 55.1
5 1000.00 48.1 50.1 50.9 50.7

Table 9. Standard deviation power spectrum density level (PSD, dB re pPa /1Hz) in the first seven
octave bands from the horizontal line array WTG 5.

Frequency

Band # CHO CH1 CH2 CH3
(center)
0 31.25 12.7 14.1 14.7 155
1 62.50 11.8 12.9 13.6 14.3
2 125.00 10.9 12.2 12.6 13.4
3 250.00 11.0 13.0 12.7 13.8
4 500.00 10.1 12.3 12.6 12.7
5 1000.00 8.3 9.2 9.9 9.8

4.3.2 Geosled Monitoring Data

To compare seasonal sound propagation conditions in the project area, a Geosled equipped with a
geophone and tetrahedral array was deployed near WTG 5 (41 06.3921N; 71 32.3147W) in a water depth
of 23 m (75 ft). The geosled was deployed on 2 October and recovered on 3 November 2017.

Figure 40 shows a sample of the data collected on 16 October 2017 (UTC 03:46). This spectrogram
shows the acoustic data collected on the hydrophone in the geophone package (deployed on the seabed).
The data are dominated by the intense sound below 30 Hz. In addition, multiple tonals also are seen in the
spectrogram.
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Figure 40. Spectrogram of the acoustic data collected during the operational phase of the turbine
on 16 October 2017 at 03:46 UTC time. Note the intense sound below 25 Hz and tonals.

The frequency content in the signal is clearer in the power spectral density as shown in Figure 41 (left
panel). This figure also shows that frequencies below 25 Hz dominate the signal. In order to highlight the
frequencies higher than 25 Hz, the hydrophone and geophone data were high pass filtered with a cutoff
equal to 30 Hz and the result is shown the right panel of Figure 41. The spectrum of the high pass filtered
data highlights the frequencies above 30 Hz. Geophone signals are dominated by frequencies below 100
Hz while the hydrophone signal shows multiple tonals.

Figure 42 shows the acoustic particle velocity measurements during operation. Data shown in Figure 42
correspond to the measurements from geophones on the seabed. The velocities are shown in dB re 1
nm/sec. The peak values are approximately 85 to 90 dB re 1 nm/sec, which is much less than the values
recorded during Phase 1 construction (HDR 2018). But the values measured in October, 2017 are much
higher than those measured in winter (Figure 32). Much of the increase in the velocity levels can be
attributed to contributions from frequencies lower than 25 Hz.
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Figure 41. Power spectral density of the hydrophone and geophone signals deployed on the
seabed (left panel).

Note: The right panel shows high pass filtered showing frequencies above 30 Hz; highlighting the
power in the frequencies above 30 Hz. Geophone signals are dominated by frequencies below 100
Hz while the hydrophone signal shows multiple tonals.
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Figure 42. Acoustic particle velocity measurements during operation. Data shows the
measurements from geophones on the seabed. The velocities are shown in dB re 1 nm/sec.

Figure 43 shows the comparison of the particle accelerations calculated from geophone measurements
with published behavioral audiograms for some of the fishes (Hawkins and Johnstone 1978, Chapman
and Sand 1974, and Chapman and Hawkins 1973). Particle accelerations are shown in dB re 1 pm/s*. The
particle acceleration near 70 Hz is approximately 25 to 30 dB re 1 um/s?, which is higher than that

measured in the winter deployment. The peak levels near 70 Hz in Figure 12 are less than 20 dB re 1
2
um/s”.
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Figure 43. Particle acceleration calculated from geophone measurements for the
October/November deployment compared with behavioral audiograms of Atlantic salmon
(Hawkins and Johnstone 1978), Plaice and Dab (Chapman and Sand 1974), Atlantic cod (Chapman
and Hawkins 1973). Particle accelerations are shown in dB re 1 pm/s2.

4.3.3 Air/Sea Acoustic Interaction Data

Concurrent air/water sound measurements were recorded near WTG 1 on 2 October 2017 using a
customized three-element omni-directional microphone array (Figure 44). Each microphone was
separated by 2.7 m (8.9 ft) and pointed directly at the wind turbine. A single hydrophone was
concurrently lowered into the water column to 5 m (16 ft) depth. All four recorders were synchronized
and recorded at 44.1 kHz. All vessel engines were shut off to reduce ambient sound.

A GoPro™ video camera was attached to the array to record blade speed rates. A single frame from the
GoPro™ video recorder while drifting from WTG 1 during sea/air sound recording is shown in Figure
46. The video output was used to determine the blade rate for a complete cycle at WTGL1 during the
recording, which was measured at 14 seconds or 4.6 seconds per blade.

Spectrograms from each channel for the entire recording period are shown in Figure 46. The three omni-
direction microphones are show in the top three panels, and the hydrophone signal is show in the bottom
panel. All four channels were synced and the figure shows good comparison between the channels. The
horizontal bars in the image separates the section that will be inspected closer. The same signal is also
compared in Figures 47 (higher frequencies) and 48 (lower frequencies). Only sound from the turbines
was noticed in the lower frequencies.

Figure 49 is a comparison of the microphone signal and the hydrophone signal. The figure shows both
mechanical sounds and wind, but the wind dominates the mechanical sounds, which were recorded at
frequencies of 60, 70, and 85 Hz on the hydrophone located 750 m (2,477 ft) from the turbine. The sound
propagation path needs further investigation.
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Figure 44. Customized omni-directional microphone array used for concurrent recording of
air/water sound measurements.

Note: The wind speeds on 2 October 2017 were too high for data processing; therefore, aerial sound
monitoring data from a single hydrophone were compared to underwater sound monitoring data
collected using a hydrophone that was lowered from the side of the vessel.

Figure 45. A single frame from the GoPro™ video recorder while drifting from WTGL1 during sea/air
sound recording.

Note: The GoPro™ compresses (normalizes) the recorded audio to its highest value, thus making the
audio unusable due to wind and handling sound. At the closest range that recording started and
listening on the deck, mechanical sound from the turbine generator was slightly noticeable.
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Figure 46. Spectrograms from three microphones and a hydrophone that were recording
simultaneously.

Note: The black lines mark the section where the ship was drifting and the WTG 1 generator sound
inspected. The frequency band seen here is from 50 Hz to 20 kHz.

Figure 47. A look at the higher frequencies from the turbine sound from microphone #3. The top
panel is the recorded signal and the bottom panel is a spectrogram from 5 to 20 kHz.
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Figure 48. Zooms into the lower frequencies from the same signal as Figure 28 from microphone
#3.

Note: The upper panel is the turbine signal. The lower panel is a spectrogram from 10 to 900 Hz.
Notice frequency bands in the lower frequencies.

Figure 49. Comparison of low frequency signals from microphone #3 and hydrophone at 5 m (16.4
ft) under water.

Note: The top panel is the spectrogram from microphone #3. The lower panel shows the spectrogram
from the underwater hydrophone. The frequencies show here range from 40 to 1,000 Hz. Periodic
saturated sound from wind and waves is evident but frequency bands in the same levels are noticed
in both air and water.
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4.3.4 Conclusions from 2017 Late Summer Operational Phase Underwater Acoustic
Monitoring

Key conclusions from the late summer operational phase underwater acoustic monitoring are as follows:
1. Underwater sound between approximately 70 and 120 Hz was recorded in the water column on
all four channels of the VLA placed 100 m (328.1 ft) away from WTG 1.
2. Air noise measurements also showed tonals near 71 Hz, indicating that the source of the
operational sound from the wind turbines may be due to aero-dynamical sources.
3. Acoustic signals less than 40 Hz were also recorded; these are most likely attributable to mooring
sound due to windy events and high currents.

A large increase in sound was recorded after 23 October; this is most likely caused by storms.

Similar to the winter measurements, the sound speed profile in late summer (October) was also

almost a constant throughout the water column, but the speed was higher due to warmer waters.

6. Data also indicated that numerous vessels transited the survey area during the monitoring period.

Tonals were also measured on the bottom mounted hydrophones collocated with the geophones.

8. Statistical analyses indicated that the mean sound levels were independent of wind turbine
location except for larger variability near WTG 1 likely due to increased shipping near that
turbine.

9. Particle velocities measured in late summer were higher than measured during the winter 2016
measurements. The signals were still below the threshold of some of the fishes for which
audiograms are available.

10. Overall, sound pressure levels measured in late summer during turbine operations were lower
than those recorded during the construction phase.

ok~

~

4.4 Extended Summer 2017 Monitoring Results

Underwater sound produced during wind turbine operations was measured at approximately 50 m (164 ft)
from the base of WTG 5 over 100 days (approximately 14 weeks) from 15 July to 24 October 2017 using
a sled-mounted, stationary Briel & Kjer type 8106 hydrophone (Serial No. #2575949). Results and key
findings from this monitoring are summarized below. Additional details are presented in Appendix D.

4.4.1 Survey Methods

The sled was deployed at 41 06.3515 N and 71 32.1730 W at a water depth of 30 m (98.4 ft). It consisted
of a specially built frame and pressure vessels for custom-built amplification and audio data acquisition
electronics, with two additional pressure vessels containing alkaline batteries. The hydrophone was
suspended above the frame using a pellet buoy, with the sensor located approximately 2 m (6.6 ft) above
the seabed.

The monitor sampled sound pressure levels continuously, processing and storing them as 10 second Y5
octave-band center frequency data between 10 and 20,000 Hz. Discrete 15-second audio .wav files were
recorded in parallel at 48 kHz sample rate every 15 minutes for the duration of the survey, until the
batteries were exhausted.

Sound measurements were sampled as both duty cycled .wav files at a rate of 15 seconds every 15
minutes at a sample rate of 48 kHz, and as continuous % octave .csv data from 10 Hz to 20 kHz octave
band center frequencies averaged every 10 seconds. Wind speeds over this period ranged from flat calm
to 22 m/s and a maximum rotor speed of 11 rpm. Operational data for the turbines (rotational speed for
the turbines, wind speed, and wind direction) concurrent with the monitoring period were obtained from
Deepwater Wind and used in the analyses.
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4.4.2 Results

Monitoring data indicated that the underwater sound levels recorded over the 100-day period ranged from
101.2 (10-minute sample time) to 141.7 dB re 1 pPa sound pressure level (SPL) RMS. It is possible that
the outliers in the recorded range are not necessarily correlated to turbine operations; underwater sound
from turbine operations most likely fluctuated between 110 and 125 dB re 1 pPa SPL RMS.

Overall, recorded underwater sound levels showed consistent correlation with prevailing wind speeds
(Figures 50 to 54). Data from one week of monitoring conducted in July 2017 are shown in Figure 50.
This figure shows the correlation in general, but also shows features where sound levels did not track as
expected, such as the reduction in sound on 27 July despite increasing wind speed.

Figure 51 presents wind speeds and underwater sound 10-minute resolution time history for August
2017. It is worth noting that two sound level traces have been included on the chart with different upper
frequency limits: the top trace excludes all frequencies above 8 kHz. This is because of a significant and
continuous signal that was found to affect sound at 10 kHz, which was apparently independent of turbine
operation or environmental conditions. Further verification noise samples using different measurement
equipment did not replicate this signal. There is a clear lower limit to the broadband sound level of
approximately 125 dB caused by data at these higher frequencies and a ‘whistle’ at 10 kHz is clearly
audible on the audio recordings. Therefore for detailed analysis a high frequency cut-off at 8 kHz was
selected, as these lower frequencies relate to the environmental conditions. The low frequency cut-off was
set to 10 Hz.

The correlation between underwater sound and prevailing wind speeds was also observed in data recorded
during September 2017; measured sound level increased and decreased with changing wind speeds
(Figure 52). A number of extended zero wind speed periods can be seen, particularly around 4 and 20-24
September. These represent periods where auxiliary data were not available. In October 2017, data were
recorded over the first 24 days, and the trend between underwater sound levels and prevailing wind
speeds is shown in Figure 53.

4.4.2.1 Analysis of effects of wind speeds on sound levels

Approximately 900,000 sound data samples, averaged every 10 seconds, were captured during the survey.
The recorded data were reduced to 10-minute averages and plotted against wind speeds to determine the
effect of wind on the sampled sound levels. The analysis only included the 10 Hz to 8 kHz frequency
bandwidth.

Figure 54 shows the complete data set of underwater sound levels sampled by the monitor over the entire
survey duration (15 July to 24 October 2017) against wind speed. No attempt has been made here to filter
out specific events. There is considerable scatter although the overall sound levels largely tend to remain
within a 20 dB band across all wind speeds. The averaging line shows a clear increase in sound with wind
speed. It is worth noting that there is no clear effect on the sound level at the wind speed where the rotor
should cut-in (3 m/s) or the wind speed at which the turbine will reach maximum rotational speed (11 to
12 m/s). This may indicate that the overall underwater sound is influenced directly by wind sound; that is,
natural environmentally generated sound.
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Figure 50. Prevailing wind speeds and underwater sound levels recorded in July 2017 (with an 8
kHz upper frequency limit).

140.0 40
—— 10Hz to BkHz Wind speed (m/=)
135.0 35
= 1300 30
=
—
=
- 1250 25 o
= E
= =
& 1200 | : | o
o u
= =
- | \ =
w | |
E 115.0 15 =
w
.E I
2 1100 10
105.0 | 5
100.0 0
= - - R - SN - - - - - - - - -
- s s - s e s s e s s s
g 2 g 5 g2 =z 9949 5 8 5 @& WKW o5 a =

Figure 51. Prevailing wind speeds and underwater sound levels recorded in August 2017 (with an
8 kHz upper frequency limit).
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Figure 52. Prevailing wind speeds and underwater sound levels recorded in September 2017 (with
both an 8 kHz and 20 kHz upper frequency limit).
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Figure 53. Prevailing wind speeds and underwater sound levels recorded in October 2017 (with
both an 8 kHz and 20 kHz upper frequency limit).
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Figure 54. Sampled sound levels (10 Hz to 8 kHz) for July to October 2017 survey period against
wind speed with 0.5 m/s interval average.

Overall, measured sound levels were shown to be affected by sounds from local vessel traffic especially
during daylight hours. Vessel sound was clearly visible in the charts and increased the sound primarily in
the hundreds and low thousands of Hz. It was also observed that the majority of vessel traffic on any
given day occurred between 10 AM and 10 PM. Therefore, to reduce risk of contamination from vessel
sound and improve resolution of the analysis of underwater sounds directly associated with turbine
operations, all data points sampled between 10 AM and 10 PM were eliminated from further analyses.
Data between 10 Hz and 8 kHz (4 octave bands inclusive) were used for the analysis.

Figure 55 shows all sound samples between 10 PM and 10 AM. Possible effects on the sound level
around the wind speeds relevant to the maximum speed of the rotor can be seen in a hump around this
speed. However, the difference in dB of the trend is small compared to the approximately 20 dB natural
fluctuations of sampled sound levels. This is not thought to be influenced by any airborne noise from the
blades or their orientation, or any other non-water-based noise source as the noise levels in air were so
low compared to the existing ambient airborne noise (see Section 3.2)

The scatter analysis depicted in Figure 56 shows little overall variation between August and September
2017; although outliers did tend to be higher in August and lower in September. The trend lines showed
that the average sound level in August tends to be higher at the same wind speeds, although the difference
is marginal. Thus the effect of the event on the overall sound levels appears to be small. A ‘blip’ occurred
at 8 m/s; this appears to be a default figure applied in the supplied wind speed data and is likely to be
spurious.
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Figure 55. Sampled sound levels (10 Hz to 8 kHz) for July to October 2017 against wind speed with
0.5 m/s interval average. Data sampled between 10 PM and 10 AM only.
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Figure 56. Sampled sound levels (10 Hz to 8 kHz) against wind speed with 0.5 m/s interval average
trend-lines for August and September 2017. Data sampled between 10 PM and 10 AM only.
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A comparative scatter plot for data collected over 15 days in July and 24 days in October (10 PM to 10
AM data only) is shown in Figure 57. The results show a similar scatter, although the October data has
more points at higher wind speed and show a larger collection of points above 20 m/s with respective
increased sound levels. Similarly, there is a large collection of data points in October at lower levels than
occurred in July, and they occur at a range of wind speeds up to 9 m/s. These lower levels are also seen to
a lesser extent in sampled overall sound levels (10 Hz to 8 kHz) against wind speed with 50 pt. moving
average trend-lines for August and September 2017. Data sampled between 10 PM and 10 AM only.
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Figure 57. Sampled overall sound levels (10 Hz to 8 kHz) against wind speed with 0.5 m/s interval
average trend-lines for July and October. Data sampled between 10 PM and 10 AM only.

Many of these data points occur in the period of September 7 to 10, when for most of a four day period
there is no rotation of the turbine despite good winds. It is suspected that the turbine had been shut down
for maintenance or other operational reason. The low-noise level data in October all occur in the early
morning of October 7, when the rotor was not moving. Winds in this time were also low.

Table 10 shows the arithmetic average of overall sound levels recorded between 10 PM and 10 AM from
each month’s data points, in wind speed blocks. Each band includes all data from the labelled wind speed
+1 m/s; for example the 2 m/s band includes data from 1 m/s to 2.9 m/s. The month-to-month variation in
overall average sound level is no greater than +1.8 dB for each wind speed band.

Table 10. Average underwater sound level 50 m from WTG 5.

Wind July, 4 August, " September, 4 October, 4 Average, 4

speed dB dB dB dB dB

2m/s 1139 14 110.8 20 111.7 32 112.3 10 112.2 76
4 mls 1146 | 35 113.8 43 112.8 35 111.3 21 113.1 135
6 m/s 114.2 | 43 114.5 87 113.5 33 113.8 47 114.0 210
8 m/s 1153 | 31 115.1 75 114.6 40 115.4 52 115.1 198
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Wind July, 4 August, 4 September, " October, " Average, #
speed dB dB dB dB dB

10 m/s 115.6 | 27 116.7 72 116.3 38 118.3 44 116.7 180
12 m/s 118.8 | 22 | 119.3 25 119.1 19 120.6 34 1195 99
13+ m/s 1195 19 120.8 33 120.9 43 121.4 76 120.6 170

Note: SPL dB re 1 uPa, at wind speed bands. # indicates number of hours over which each average was calculated.

The numerical effect of increasing wind speed are shown in Table 11 along with the average sound levels
across the entire measured dataset (10 PM to 10 AM).

Table 11. Effect of wind speed increases on underwater sound level, SPL RMS dB re 1 pPa, at 50
m from the turbine.

wind speed Overall average sound Inc_rease from previous Incregse in sqund level for
level, dB wind speed band, dB doubling of wind speed, dB
2m/s 112.2 - -
4 m/s 1131 0.9 0.9 (2to 4 m/s)
6 m/s 114.0 0.9 1.9 (3to 6 m/s)
8 m/s 115.1 1.1 1.9 (4to 8 m/s)
10 m/s 116.7 1.7 3.2 (5to 10 m/s)
12 m/s 119.5 2.7 5.5 (6to 12 m/s)
13+ m/s 120.6 1.2 5.6 (8 to ~15 m/s)
TOTAL * ARI 115.9; LOG 119.0 1.5 per 2 m/s increase

* Indicates the ARIthmetic and LOGarithmic average of sound levels at all wind speeds. Data collected from 10:00
PM to 10:00 AM.

A more direct analysis of the turbine’s underwater sound output was conducted by comparing turbine
rotor speed with recorded sound levels. Two separate analyses were conducted, one with the complete
data set (Figure 58) and the other with data sampled between 10 PM and 10 AM only (Figure 59). For
both analyses, data points at rotor speed 0 were excluded.

Results indicated that there are two distinct rotor operational modes, the first with rotational speed
between 3.8 and 5.1 rpm, and a second at 6.4 to 11.5 rpm. There appears to be an artificial restriction of
the blade rotational speed at these limits, leading to a clustering of data points. The two modes did not
have any clear impact on the average sound level, which was observed to increase fairly smoothly. There
was an increase in the average sound level that occurred at the final cluster of data points at the highest
rotor speed of 3 to 4 dB; this is not unexpected and is most likely caused due to the effect of increasing
wind speed beyond the rotational speed limit.

The exclusion of sound levels sampled between 10 AM and 10 PM had little effect on the average except
at low rotor speeds, when the conditions were calm and more vessel movements could be expected, even
outside of 10 AM to 10 PM.

The results from these analyses do not necessarily show a clear influence of sound caused by turbine
machinery over and above the direct effect of wind speed (and therefore sea condition) on local
underwater sound levels, when using the overall broadband sound levels as the data point.
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Figure 58. Sampled overall sound levels (10 Hz to 8 kHz) against blade rotation speed with linear
average. Full dataset.
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Figure 59. Sampled overall sound levels (10 Hz to 8 kHz) against blade rotation speed with linear
average; data sampled between 10 PM and 10 AM only.
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4.4.2.2 Frequency Analysis

Both the turbine machinery and natural weather conditions (wind and sea state, for example) are likely to
generate low frequency sounds. Therefore a frequency analysis was conducted to evaluate the
composition of the recorded underwater sound levels.

Figure 60 shows a sample of the composition of the sound, as ' octave band sound level spectra, of
samples within a 24-hour period on a day showing the extremes of the turbine operation and key features
of the captured sound levels. The red, purple and blue spectra in Figure 60 were taken from 10-minute
average sound levels before, during and after a temporary rotor shut-down. The wind speed remained at
the upper end of speeds that the turbine could tolerate. The reason for the shut-down was unknown but it
provided an opportunity for analysis of effects of blade rotation on underwater sound levels while the
wind conditions remained approximately constant.
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Figure 60. 1/3rd octave band center frequency spectra for [RED and ORANGE] turbine active,
maximum rotor speed, approximately 18 m/s wind speed, [BLUE] shut-down, no rotation,
approximately 15 m/s wind speed; [PINK] no rotation, calm wind. No vessel traffic.

Results indicated that while the blades were turning at maximum speed (12 rpm), the sound in 's octave
bands below 100 Hz increased by 3 to 10 dB, with the effect greatest at the lowest frequencies (Figure
61). Above 100 Hz, the turbine appeared to have no effect on sound levels. There was a small increase in
sound levels between 50 and 100 Hz when there was high wind and no rotation and further analysis of the
data over the long term shows this only occurred around the shut-down period at other times. It is
speculated that this may be due to with the braking mechanism or because of wind movement over the
blades under a forced stop, producing vibrations that are transmitted through the tower to the foundations
and then into the water column.
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Figure 61. Verification of data shown Figure 60. 1/3rd octave band center frequency spectra for
[RED] turbine active, maximum rotor speed, approximately 20 m/s wind speed, [BLUE] shut-down,
no rotation, approximately 15 m/s wind speed. No vessel traffic.

A notable feature in Figure 61 are the significant tonal peaks at approximately 10 and 20 kHz. These
tones were continuous over the total survey period and audible as a high whistle on accompanying audio
files. They were not present while the equipment was on the vessel and began only when the hydrophone
entered the water. Narrow band analysis showed that there were small variations in these tones both in
level and frequency, varying between approximately 9.5 and 11 kHz. The source of these sounds could
not be identified. Follow on monitoring was conducted with different sensors, but these tones could not
be identified on any other measurement system either. It is possible that they are generated by the
monitoring systems itself.

As the sound level at these specific frequency bands is greater than that at any other frequency, the
calculation of any broadband sound level would be totally controlled by these tones. Therefore for
broadband analysis (i.e., the calculation of overall sound levels across the spectrum), investigating the
variation in the sound levels with any external factor such as wind speed, has been limited to frequencies
up to 8 kHz. The tones were treated as spurious and not included in the data analysis.

Figure 62 shows a chart of a comparative situation to that in Figure 61, with rotors at maximum speed
and also shut-down despite the presence of high winds. Exactly the same sound reduction is seen on the
rotor active/inactive condition under 50 Hz, and then the small increase between 50 and 100 Hz, which is
only seen in the spectrogram during shut-down. The sound levels in Figure 61 are within approximately
2 dB of those in Figure 62, although they are a week apart. The low frequency sound is greatest between
10 and 100 Hz and so the overall broadband sound level is controlled by sound at low frequency. The
overall sound levels were calculated by summation of the '4 octave bands between 10 Hz and 8 kHz
inclusive.

A comparative measurement was sampled approximately 10 hours later (31 August 2017 12:10 AM),
when the wind speed had dropped to below where it could be registered (<1 m/s) and the blades had
consequently stopped rotating. The sound levels between high wind and no wind scenarios, with no rotor
movement at either, drop by at least 6 dB at all frequencies (except the 10 and 20 kHz tones). This
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suggests the underwater sound across the whole measured spectrum (below 10 kHz) is affected by
increased wind speed.

The curves in Figures 61 and 62 show a clear difference in low frequency sound between the “with
turning” and “without turning” scenarios. There is greater energy below 50 Hz with the rotor turning as
compared to the 50 to 100 Hz band when the rotor is not turning.

Figure 63 shows narrow band analysis of the periods shown in Figure 62, with the turbine blades turning
and not turning, but with the wind speed remaining high in both. Tonal bands are visible approximately
every 12 Hz and continue to be just visible throughout the analyzed spectrum, which are lost in the
coarser Y5 octave band spectra shown in Figure 60. These tonal bands are the primary contributors to the
low frequency sound and this feature is unlikely to be produced directly by wind effects on the sea
surface.
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Figure 62. Narrow band analysis of 15-second audio data, wind speed 15-20 m/s. [BLUE] with rotor
turning; [RED] without rotor turning.
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Figure 63. Waveform at 4 PM 29 August 2017, 2-second sample, showing clear 12 Hz periodic
characteristics.

To investigate this effect further, a day was chosen that had clear, continuous wind and blade rotation
(Figure 63). Narrow-band analysis was undertaken on data from 29 August 2017 at 4 AM, which had
continuous wind speeds of 10 to 12 m/s and blade rotation speed at or near the maximum throughout the
day. This showed almost identical signature to Figure 62 and thus this is not repeated. A waveform of
this file is shown below. This shows the clear periodic characteristics at 12 Hz.

4.4.3 Key Observations

A number of events were detected over the survey period, which contributed to the sampled sound levels.
A few noteworthy ones are discussed below.

4.4.3.1 30 August 2017

A significant event was observed on 30 August, which followed from a day of strong winds and
continuous, maximum blade turning speeds recorded on 29 August. The continuous wind and sound
prevailed throughout the day on 29 August and continued into the next day. A sharp change in the
spectral pattern was observed at approximately 4 AM on August 30 (Figure 64). This change coincided
with the blades continuing to rotate with no apparent variation and continuous wind speeds at
approximately 12 to 13 m/s. The audio of the sample collected at 4 AM was characterized by a crackling
sound and it ended abruptly implying that it was not associated with a vessel or the impact on the
monitoring station due to the build-up in sound over a few minutes.

A narrow band analysis of the 30-minute monitoring period from 3:45 AM to 04:15 AM on 30 August is
shown in Figure 65. The 12 Hz characteristic seen in the spectra shown in Figure 65 has been identified
from almost the start of the monitoring period. After the 30 August 4 AM event, the characteristics only
appear to recur with the lower intensity for the remainder of the duration of the survey, even at high wind
and rotation speeds. This 12 Hz characteristic is visible in all 2017 spectra (Figure 65), and it continued
to influence the sound levels at both low and high frequencies. This feature distinguished the
contemporary measurements from the background spectrum sampled within the survey area in September
2015.

61



130

10,000

& 120
N
£ 110 £
& 1000 100 =
c
g 90 Y
g 100 80 3
- 70

(@] (@] o o

S = S =

o oN < O

o o o (@]

w [o0] [e0] [o0]

o S S S

o o o o

m m m m

Time (2017-08-30 EDT)

Figure 64. Spectrogram highlighting the 4 AM event on 30 August 2017.
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4.4.3.2 Correlation of 10 kHz and 20 kHz tones with wind speed

The sound versus wind speed time history over eight days in September to October 2017 is shown in
Figure 66. The recorded sound levels linearly tracked the wind speeds (Figure 66). When the wind speed
increased the sound level (up to 8 kHz) also increased. The rate at which the sound level increased with
increase in wind speeds were correlated but not always consistent. For example, the two variables related
closely after 29 September, but before this date, after a rapid increase on 25 September, the increase to
maximum sound levels between 26 and 29 September was much slower.

A closer, zoomed-in look at the primary Y-axis (sound levels) from Figure 66, including the high
frequency tones in the overall sound level, is shown in Figure 67. This figure also shows that high
frequency tones track the wind speeds. It was hypothesized that the overall sound level is simply
influenced by the lower frequency bands rather than the higher tones at 10 and 20 kHz.

The relationship between wind speed and the 10 kHz !5 octave band in isolation is shown in Figure 68.
Data indicate that the sound level at this particular frequency did not show any consistent correlation with
wind speeds. However, the sound levels in the 10 kHz % octave band do appear to vary within an upper
and lower limit. The reason for this behavior is unclear. Also, the source of the 10 kHz tone is unknown.
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Figure 66. Sample underwater sound levels variation with time, against wind speed. Overall levels
calculated using % octave bands from 10 Hz to 8 kHz and from 10 Hz to 20 kHz.
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4.4.4 Discussion

Overall, the unweighted underwater sound levels sampled during the turbine operations were strongly
influenced by anthropogenic sound, as demonstrated by the low-frequency pulsed sound shown in the
narrow-band analysis and by listening to the recorded audio. This characteristic was not visible on the '
octave-band frequency spectrum, which had insufficient resolution but it was clearly apparent on the
calibrated audio files. It is important to note sound level increases at low frequency may plausibly be
mistaken for natural sound sources such as waves, wind and current flow and therefore discounted when
only considering 5 octave-bands.

The broadband, overall sound level is often the reference metric used in environmental underwater sound
reporting. It is also frequently, but erroneously reported, without identifying the low-frequency cut-off—
i.e., a lower limit on the frequency range analyzed—if one exists. This is a critical omission, and one
which is rarely repeated in, for example, airborne sound, where broadband sound levels are invariably
reported with a weighting (e.g., the A-weighting) that filters out the lowest frequencies.

The National Physical Laboratory (NPL) Good Practice Guide No. 133 for Underwater Noise
Measurement (National Physical Laboratory 2014) notes that filters of 10 Hz can be used to remove non-
acoustic parasitic signals and 10 Hz can be used as a reasonable cut-off. All of the frequency spectra
presented above show increasingly high levels at low frequency, and the choice of low-frequency cut-off
will determine the overall sound level calculated. In the case of the BIWF operational phase monitoring
data, 10 Hz seemed appropriate because the pulsed sound at 12 Hz is clearly present, is significant and
likely associated with turbine operations, although it is not a continuous 12 Hz acoustic tone.

The overall sound values reported were strongly influenced by the lower frequency limit used in the
analysis. Where there is significant natural low frequency sound (for example where currents or wave
movements are strong) then to help to isolate the effect of anthropogenic sound this lower limit can be
increased. Using data from offshore wind turbine operational underwater sound monitoring, Pangerc et al.
(2016) identified significant low frequency sound thought to be generated by tidal flow induced vibrations
in their recorder’s housing or mounting and therefore they set their lower limit to 40 Hz. This was
acceptable in the Pangerc et al. (2016) analysis as the turbine they studied produced significant sound
emissions at higher frequencies; a feature at 160 Hz dominated the overall sound level, and the lowest
frequencies were not so critical. The 40 Hz limit would not be appropriate for the BIWF analysis as the
measured low frequency sounds appear to be associated with the operating turbines.

Figure 69 was adapted from Pangerc et al. (2016). It shows underwater sound measured at the
Sheringham Shoal offshore wind farm in UK. Low frequency was limited to 40 Hz in this analysis. The
tonal characteristics observed in this data set are not found in the sound measured at BIWF. The turbine
studied by Pangerc et al. (2016) was a Siemens 3.6-megawatt turbine, and the paper suggested that it was
likely that these tones originated from the gearbox. The General Electric Haliade 150 turbines at BIWF do
not have a gearbox, and the lack of any dominant tones is thought to be due to the absence of this
component.

In the absence of this tone, the turbine appears quiet in comparison with other operational wind turbines
reported, although it is clearly above the background sound levels at the measurement location of 50 m
(164 ft) from the machinery. It is anticipated that within 1 km (0.6 mi), the measured sound under quiet
conditions and at any frequency will be below background levels (based on the snapshot measurement
taken at 30 km [18.6 mi] to the east in calm conditions two years previously).

The National Oceanic Atmospheric Administration Fisheries Level B harassment thresholds are set at
120 dB SPL RMS for continuous underwater sound and the sound levels measured at BIWF during
turbine operations were below this threshold except at wind speeds in excess of 13 m/s.
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Figure 69. Image from Pangerc et al. (2016) showing underwater sound measured at the
Sheringham Shoal offshore wind farm in the United Kingdom. Low frequency limited to 40 Hz.

The recorded sound levels were also far below the temporary and permanent threshold shift (TTS and
PTS) onset criteria recommended by the National Marine Fisheries Service (NMFS) Marine Mammal
Guidance (NMFS 2018). For reference, these are included below in Table 12 for key species groups,
based on a recording at a 15 m/s wind speed (29 September, 6:40 AM). Also included in this table is the
cumulative SEL sound level, assuming that a receptor remained at the monitoring position for 24 hours. It
is recognized that this comparison and conclusion is somewhat arbitrary, but it provides a guide to the
potential level of impact or lack thereof.

Table 12. Weighted underwater sound levels at 50 m (164 ft) from the turbine, using NMFS (2018)
guidance.

SEL (1-second) SEL (1-second) 24 hour SELcum 24 hour SELcum

Species group re 1 pPa2s re 1 pPa2s re 1 pPa2s re 1 uPa2s
10 Hz to 8 kHz 10 Hz to 20 kHz 10 Hz to 8 kHz 10 Hz to 20 kHz

Unweighted 121.2 dB 127.1 dB 170.6 dB 176.5 dB

Low-frequency 103.0 dB 122.5 dB 152.4 dB 171.9 dB
cetacean

Mid- frequency 79.0 dB 123.3 dB 128.4 dB 172.7 dB
cetacean

High frequency 74.2 dB 121.4 dB 123.6 dB 170.8 dB
cetacean

Phocid pinnipeds 92.3dB 124.5 dB 141.7 dB 173.8dB

Otariid pinnipeds 92.2 dB 123.9dB 141.6 dB 173.3dB

Assuming that a receptor remains at 50 m (164 ft) from the turbine without moving for a full day, all of
the reported results are below both the TTS and PTS onset criteria defined by NMFS (2018) for all
species. This indicates that there is little risk to the hearing of marine mammals in the area from the wind
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turbine operational sounds even under extreme conditions. As can be seen in comparison with the data in
Table 12, the sound level used for this analysis is unusually high. However, if there are higher sound
levels at frequencies in excess of the measured 20 kHz, then potential for sound exposure may rise.

Popper et al. (2014) represents the current best practice for assessment of noise impacts on fish. The
thresholds defined in this document do not include any weighting and so would be considered
precautionary in respect of fish hearing sensitivity. The noise levels identified in the vicinity of the
turbine are far below any numerical criteria for adverse effects on fish.

Table 13 summarizes sound levels sampled over the full survey duration. These averages used data
sampled between 10 PM and 10 AM each day to reduce the risk of sound contamination from passing
vessels.

Table 13. Summary of SPL RMS average sound levels (10 Hz to 8 kHz) measured at 50 m (164 ft)
from WTG 5.

Wind speed Overall average sound level, dB re 1 pPa
2m/s 112.2
4 mls 1131
6 m/s 114.0
8 m/s 1151
10 m/s 116.7
12 m/s 119.5
13+ m/s 120.6
Average over survey duration 119.0
Background sound levels 107.4 [30 km from turbine]
in calm conditions 110.2 [50 m from turbine]

Substantial tonal noise was detected at the 10 kHz and 20 kHz Y5 octave center-frequency bands, which
varied little throughout the monitoring period. The source of this is unknown, but the fluctuations in the
noise level (+1 dB) do not correlate with the wind speed. It was also not present on any other recordings
taken by other monitoring systems used in the RODEO project and is therefore not expected to be directly
caused by the turbine itself.

Based on an analysis of data up to 8 kHz, it was concluded that under worst-case assumptions and using
the 2018 NMFS and Popper et al. (2014) noise impact thresholds, no risk of temporary or permanent
hearing damage (PTS or TTS) could be projected even if the receptor remained in the water at 50 m (164
ft) from the turbine for a full 24-hour period.

The overall conclusion from the operational phase underwater acoustic monitoring is that given the
1) low levels of sound recorded by the various sensors under differing environmental and weather
conditions and 2) very low probability of these low levels causing potential harm to fish and marine
mammals, operational phase underwater acoustic monitoring may not provide much additional
value for future facilities. As part of a risk mitigation plan, this monitoring phase could be
bypassed.
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Appendix A: Field Sampling Plan
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ACRONYMS AND ABBREVIATIONS

Acronyms and Abbreviations

C

°F
AHA
BPM
COR
EPIRB
ESPD
GPS
HASP
HP
MMO
MOB
NASBLA
OSHA
PIC
PFD
PjM
PM
PPE
HSM
SOP
Sow
SPF
SSHO
QAIQC
USCG
uv
UVA
UVB

Degrees Celsius

Degrees Fahrenheit

Activity Hazard Analysis

Beats per minute

Contracting Officer's Representative
Emergency Position-Indicating Radio Beacon
Environmental Sciences & Planning Director
Global Positioning System

Health and Safety Plan

Horse Power

Marine Mammal Observer

Man Overboard

National Association of Boating Law Administrators
Occupational Safety and Health Administration
Principle-In-Charge

Personal Flotation Device

Project Manager

Program Manager

Personal Protective Equipment

Safety Director

Standard Operating Procedure

Statement of Work

Sun Protection Factor

Site Safety and Health Officer

Quality Assurance Quality Control

U.S. Coast Guard

Ultraviolet

Ultraviolet A

Ultraviolet B

FR
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Table 1. Emergency Contact List

EMERGENCY CONTACT LIST

Department ' Telephone Numbers
United States Coast Guard Main Phone: 617-223-8515
First District Coast Guard Emergency phone: 617-223-8555

Marine Forecast - Norfolk:

24-Hr Emergency Department:
WorkCare Incident Intervention:
Hospitals:

Emergency Responders

In Event of Emergency, call for help as soon

as possible

HDR Project Manager:

Project Coordinator:

HDR Program Manager:

HDR Principle-In-Charge:

HDR Environmental Sciences & Planning
Director

HDR EOC Safety Manager

See vessel details for boats (Appendix C)

Poison Control Center:
Chemical Transportation
Emergency Center:
Emergency Centers:

Radio Channel VHF # 16
Block Island W eather
http://forecast.weather.gov/shmrn.php?mz=anz237&s

yn=anz200
NOAA weather marine VHF: channel 1marine VHF:

channel 21

Dial 911

888-449-7787

Block Island Medical Center
6 Payne Road

New Shoreham, Rl 02807
Ph: 401-466-2974

Kent Hospital General Hospital
227 Centerville Rd
Warwick, Rl 02886

Ph: 401-737-7000

Police Department............ 911
Fire Department............... 911
Ambulance............ccccceuunnn. 911

Give the following information:

1) Where you are. Address, cross streets, or
landmarks

2) Phone Number you are calling from

3) What happened — type of injury, accident

4) How many persons need help

5) What is being done for the victim(s)

6) You hang up last. Let whomever you called
hang up first.

Jamey Elliott 256-777-2766

James.B.Elliott@hdrinc.com)

Michael Richlen 808-388-7312

Michael.Richlen@hdrinc.com

Anwar Khan 954-494-2084

Anwar.Khan@hdrinc.com)

Randy Gallien 256-998-2441

Dennis.Gallien@hdrinc.com

Brian Hoppy 484-612-1131

Brian.Hoppy@hdrinc.com

Daniel Sciarro 303-643-6724

Daniel.Sciarro@hdrinc.com

Lead Captains:

HDR Vessel — Michael Richlen

(cell): 808-388-7312

Other vessel contacts

800-222-1222

800-424-9300

National Response Center
800-424-8802
CHEMTREC
800-424-9300
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13. Training and Records Retention

Prior to initiating site activities, the HDR SSHO will conduct a safety and health "Kick-
off” or “Tail-gate” meeting. At this time, pertinent HDR procedures and this HASP will
be discussed in detail with special attention being given to site physical hazards, PPE,
emergency procedures, etc. Upon completion of this meeting and briefing, all routine
field personnel in all areas, including subcontractors, will be required to read and sign
the acceptance sheet of this HASP. Applicable field forms/documents can be found in
Attachment A.

The HDR PjM and SSHO will maintain on site a copy of the certifications certifying that
all HDR personnel have satisfied the minimum training requirements. Supporting
documentation and certificates will remain on file with the HDR FPM/SSHO. Field work
will not be allowed to take place in the absence of adequate documentation.

Additional site-specific training covering new site hazards, procedures, and contents left
out of the approved HASP will be modified and added by the HDR HSM/PjM/SSHO for
all on-site employees, prior to the commencement of any work not outline in this HASP,
and also for visitors new to the project. The HDR SSHO will be responsible for
maintaining a list on-site of training records and expiration dates of applicable training
for all project personnel. The following will be completed by the onsite HDR SSHO
before project starts:

e HSM Boating and Water Safety, to be discussed onsite by the SSHO

e A complete review of this HASP.
* Review of staffs safety training

A pre-job safety meeting will be held before the vessel departs on its initial survey on
the first day of the fieldwork to review:

e Use of PFD
e Areview of vessel safety features

e Site specific construction danger areas and protocols associated with working in
or transiting through those areas.

An HDR Float Plan (see Appendix A) will be filed with the Monitoring Coordinator/
SSHO or a designated Point of Contact for each day’s operations, and an Inspection
Check List For Chartering Class llI-IV (see Appendix B) shall be completed and
submitted by HDR’s Vessel Safety Ops Manager Michael Richlen to the PjM at the
beginning of the project.

Records of all training will be maintained in the project files and in the HDR Connects
system.
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Appendix B: Visual Monitoring Data

During visual monitoring over 1,400 photographs were taken from the onshore and offshore monitoring
stations. These photographs illustrate the observations made during the operational phase. They were
provided to BOEM on a DVD and are available upon request. Tables B-1 and B-2 provide a key to the

photo logs. Table B-3 summarizes meteorological data recorded during the monitoring.

Table B-1. Southeast Lighthouse Photo Log Key and Field Observation Summary

Date / Time
06/20/2017 08:43:23
06/20/2017 08:43:57
06/20/2017 11:36:28
06/20/2017 11:37:21

06/20/2017 15:20:49

06/20/2017 15:22:49
06/20/2017 15:23:18
06/20/2017 15:24:07
06/20/2017 15:24:43
06/20/2017 15:25:08
06/20/2017 15:25:39
06/20/2017 15:25:57
06/20/2017 15:26:25
06/20/2017 15:26:50

06/20/2017 21:53:44

06/20/2017 21:56:57
06/20/2017 21:57:30
06/20/2017 21:57:59
06/20/2017 21:58:13

06/21/2017 08:42:05

06/21/2017 08:43:42
06/21/2017 08:44:12
06/21/2017 08:44:34
06/21/2017 08:44:59
06/21/2017 08:45:24
06/21/2017 08:45:45
06/21/2017 08:46:11
06/21/2017 08:46:32
06/21/2017 08:46:54
06/21/2017 08:47:30

06/21/2017 11:28:41

Location
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse

SE Lighthouse

SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse

SE Lighthouse

SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse

SE Lighthouse

SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse

SE Lighthouse

Notes

Fog. WTG or lights not visible.
Flag at lighthouse to give perspective on fog.

Fog, WTG not visible.

Lighthouse in dense fog.
Sun is out, still a little hazy offshore. WTG 5

100mm.
WTG 5 400mm
WTG 4 100mm
WTG 4 400mm
WTG 3 100mm
WTG 3 400mm
WTG 2 100mm
WTG 2 400mm
WTG1 100mm
WTG1 400mm

Night observation. Lights flash on and off. Red
light at top of nacelle and yellow light on deck.

WTG5

WTG4
WTG3
WTG4
WTG5

Hazy around WTG, No fog at light house.

WTG5 100mm
WTG 5 400mm
WTG4 100mm
WTG4 400mm
WTG 3 100mm
WTG 3 400mm
WTG 2 100mm
WTG 2 400mm
WTG 1 100mm
WTG 1 400mm

Very hazy, unable to see WTG 1 and 2. WTG5

100mm.
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Photo Frame #
4217-4218
4219
4220-4221
4222

4223

4224
4225
4226
4227
4228
4229
4230
4231
4232

4234

4235
4236
4237
4238

4239

4240
4241
4242
4243
4244
4245
4246
4247
4248

4250



Date / Time
06/21/2017 11:29:45
06/21/2017 11:30:19

06/21/2017 11:33:01

06/21/2017 11:33:16
06/21/2017 11:33:51
06/21/2017 17:21:44

06/21/2017 17:22:13

06/21/2017 17:22:52
06/21/2017 17:23:10
06/21/2017 17:23:32
06/21/2017 17:24:19
06/21/2017 17:24:49
06/21/2017 17:25:08
06/21/2017 17:25:30
06/21/2017 17:25:43
06/21/2017 17:26:00
06/21/2017 17:26:47
06/21/2017 17:37:22
06/21/2017 17:40:27
06/21/2017 17:46:59
06/21/2017 17:47:50
06/21/2017 17:48:29
06/21/2017 17:49:08
06/21/2017 17:50:01

06/21/2017 21:20:54

06/21/2017 21:21:32
06/21/2017 21:21:53
06/21/2017 21:22:33
06/21/2017 21:22:57
06/21/2017 21:28:13

06/21/2017 21:30:25

06/22/2017 09:07:39

06/22/2017 09:09:35
06/22/2017 09:09:51
06/22/2017 09:10:13
06/22/2017 09:10:28
06/22/2017 09:10:45
06/22/2017 09:15:48
06/22/2017 09:16:03

Location
SE Lighthouse
SE Lighthouse

SE Lighthouse
SE Lighthouse
SE Lighthouse

SE Lighthouse

SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse

SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse

SE Lighthouse

SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse

SE Lighthouse

SE Lighthouse

SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse

Notes
WTG 4 100mm
WTG 3 100mm

Camera will not focus due to haze on WTG 1-
2

WTG 5 400mm
WTG 4 400mm
Walking up to lighthouse, very foggy.

WTG 5, had to use 200mm before camera
could capture

WTG 4 200mm
WTG 3 200mm
WTG 2 200mm
WTG 1 200mm
WTG 1 400mm
WTG 2 400mm
WTG 3 400mm
WTG 4 400mm
WTG 5 400mm

Video WTG 1, fog
Video WTG 5, fog
WTG 5 400mm fog improving
WTG 4 400mm
WTG 3 400mm
WTG 2 crew tender, 400
WTG 1

Night observation. Haze from afternoon
cleared off. WTG 1 100mm

WTG 2 100mm
WTG 3 100mm
WTG 4
WTG 5
WTG 4 Manual Focus 300mm
WTG 3 notice green and red light are both
visible must have to do with blade orientation.
First clear day of survey, waited till later in
morning hoping haze would burn off.
WTG1 100mm
WTG 2 100mm
WTG 3 100mm
WTG 4 100mm
WTG 5 100mm
Video WTG 5
Video WTG 5
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Photo Frame #
4251
4252

4253
4254
4256

4257

4258
4259
4260
4260
4261
4262
4263
4264
4265

4267
4268
4270
4271
4272
4273
4272

4275

4276
4277
4278-4279
4280-4282
4284

4285

4286
4287
4288
4289
4290
4291
4292



Date / Time
06/22/2017 09:20:09
06/22/2017 09:20:31
06/22/2017 09:20:42
06/22/2017 09:20:58
06/22/2017 09:21:18

06/22/2017 09:33:33

06/22/2017 09:41:35

06/22/2017 09:54:09

06/22/2017 13:34:48
06/22/2017 13:35:05
06/22/2017 13:35:28
06/22/2017 13:35:40
06/22/2017 13:35:57
06/22/2017 13:39:51
06/22/2017 13:40:25
06/22/2017 13:41:21
06/22/2017 13:42:28
06/22/2017 13:50:16
06/22/2017 13:53:25
06/22/2017 18:15:04
06/22/2017 18:15:35
06/22/2017 18:15:51
06/22/2017 18:16:11
06/22/2017 18:16:24
06/22/2017 18:22:42
06/22/2017 18:22:57
06/22/2017 18:23:21
06/22/2017 18:23:40
06/22/2017 18:24:05
06/22/2017 18:24:23
06/22/2017 21:14:38
06/22/2017 21:14:58
06/22/2017 21:15:17
06/22/2017 21:15:44
06/22/2017 21:16:27
06/22/2017 21:16:54
06/22/2017 21:17:24
06/22/2017 21:18:21
06/22/2017 21:18:54
06/22/2017 21:19:29
06/23/2017 09:08:33

Location
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse

SE Lighthouse

SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse

Different perspective from lighthouse, provides
Spring St, front of Spring House Hotel, blades

Entrance to old harbor, south side by Ballards.

WTG 4 400mm red light visible in day

Sunny on land , haze around WTGs.
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Notes
WTG 1 400mm
WTG 2 400mm
WTG 3 400mm
WTG 4 400mm

WTG 400mm

scale.
visible.

Looking south.
WTG 1 100mm
WTG 2 100mm
WTG 3 100mm
WTG 4 100mm
WTG 5 100mm
WTG 5 400mm

WTG 3 400mm
WTG 2 400mm
WTG 1 400
Video WTG2
WTG 1 100mm
WTG 2 100mm
WTG 3 100mm
WTG 4 100mm
WTG 5 100mm
WTG 5 400mm
WTG 4 400mm
WTG 3 400mm
WTG 2 400mm
WTG 1 400mm
WTG 1 video
WTG 1 100mm
WTG 1 400mm
WTG 2 100mm
WTG 2 400mm
WTG 3 100mm
WTG 3 400mm
WTG 4 100mm
WTG 4 400mm
WTG 5 100mm
WTG 5 400mm

Photo Frame #
4293
4294
4295
4296
4297

4298-4303

4304-4305

4306-4308

4309
4310
4311
4312
4313
4314
4315-4317
4318
4319-4320
4321
4322
4323
4324
4325
4326
4327
4328
4229
4230
4231
4232
4233
4334
4335
4336
4337
4338
4339
4340
4341
4342
4343



Date / Time
06/23/2017 09:09:03
06/23/2017 09:09:26
06/23/2017 09:09:46
06/23/2017 09:10:01
06/23/2017 09:10:31

06/23/2017 09:10:50

06/23/2017 12:17:41
06/23/2017 12:18:08
06/23/2017 12:18:23
06/23/2017 12:18:37
06/23/2017 12:19:23
06/23/2017 18:09:51
06/23/2017 18:10:19
06/23/2017 18:10:34
06/23/2017 18:10:55
06/23/2017 18:11:16
06/23/2017 18:11:34
06/23/2017 18:11:49
06/23/2017 18:12:12
06/23/2017 18:12:27
06/23/2017 18:12:45
06/23/2017 18:13:02
06/23/2017 18:13:33

06/23/2017 22:28:52

Location
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse

SE Lighthouse

SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse
SE Lighthouse

SE Lighthouse

WTG 1, manual focus.

WTGs barely visible due to haze, camera had
difficulty focusing

WTG 1 100 mm barely visible, haze

Cloudy with haze around turbines

Attempted to take night pictures, too windy
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Notes

WTG 2, MF
WTG 3 MF
WTG 4 MF
WTG 5 MF

WTG 2 100mm
WTG 3 100mm
WTG 4
WTG 5

WTG 1 100mm
WTG 1 400mm
WTG 2 100mm
WTG 2 400mm
WTG 3 100mm
WTG 3 400mm
WTG 4 100mm
WTG 4 400mm
WTG 5 100mm
WTG 5 400mm
WTG 4 video

and foggy.

Photo Frame #
4344
4345
4346
4347
4348

4349
4350
4351
4352
4353

4355
4356
4357
4358
4359
4360
4361
4362
4363
4364
4365



Date / Time

06/19/2017
11:25:15

06/19/2017
12:32:28

06/19/2017
15:55:09

06/19/2017
17:00:53

06/19/2017
20:47:50

06/19/2017
21:40:40

06/20/2017
08:32:25

06/20/2017
09:33:09

06/20/2017
11:55:55

06/20/2017
13:00:10

06/20/2017
15:10:29

06/20/2017
15:51:59

06/20/2017
16:40:36

06/20/2017
20:46:39

06/20/2017
21:37:51

06/21/2017
08:30:51

06/21/2017
09:33:18

06/21/2017
11:55:00

06/21/2017
12:54:17

06/21/2017
16:22:25

Location

Pt. Judith

Brenton Point State
Park

Brenton Point State
Park

Pt. Judith

Pt. Judith

Brenton Point State
Park

Pt. Judith
Brenton Point State
Park
Brenton Point State

Park

Pt. Judith

Pt. Judith

Pt. Judith

Brenton Point State
Park

Brenton Point State
Park

Pt. Judith
Pt. Judith
Brenton Point State
Park
Brenton Point State

Park

Pt. Judith

Pt. Judith

Notes

Foggy. Visibility no more than 100 yds.
(41 21.730N 71 29.155W)
Foggy.
(41 27.014N 71 21.200W)
Fog still heavy.
(41 27.014N 71 21.200W)
Fog has started to go away. Visibility up to 1/4
mile. Turbines are not visible.
(41 21.730N 71 29.158W)

41 21.730N 71 29.158W

Fog still heavy. Cannot see wind farm lights.
(41 27.014N 71 21.200W)
Another foggy day. Still cannot see lights from
wind farm.
(41 21.729N 71 29.159W)
Foggy. Visibility limited to 100yds.
(41 27.021N 71 21.175W)

Not able to see the wind farm

Sun is starting to burn off the fog. Visibility up to
1/2 mile.
(41 21.729N 71 29.166W)

Can see Block Island on the horizon with the
naked eye. Still cannot see the wind farm
Still can see Block Island but not the wind farm.
(41 21.729N 71 29.166W)

Unable to see the Block Island with the naked
eye.

(41 27.032N 71 21.139W)

Cannot see lights on turbines

Lights are visible on the turbines.
(41 21.729N 71 29.166W)
Block Island is not visible. Slight haze on the
horizon.
(41 21.730N 71 29.151W)
Block Island is not visible.
(41 27.009N 71 21.224W)
Still can't see the island.
(41 27.009N 71 21.224W)
Can somewhat see the island. Wind farm is still
not visible.
(41 22.59N 71 30.32W)

Still can't see Block Island or Wind farm due to
some fog moving in on the horizon.
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Table B-2. Point Judith and Brenton State Park Photo Log Key and Field Observations Summary

Photo
Frame #

1547-
1548

1550

1551

1552-
1554

1555-
1557

1558-
1559

1560-
1562

1563-
1565

1566-
1567

1568-
1570

1571-
1573

1574-
1579

1580-
1582

1583-
1589

1590-
1593

1594-
1599

1600-
1604

1605-
1608

1608-
1612



Date / Time

06/21/2017
17:17:56

06/21/2017
20:59:06

06/21/2017
21:51:25

06/22/2017
08:26:26

06/22/2017
09:53:22

06/22/2017
10:10:21

06/22/2017
12:05:13

06/22/2017
13:06:10

06/22/2017
15:46:16

06/22/2017
16:45:45

06/22/2017
21:06:49
06/22/2017
21:58:04

06/23/2017
08:23:00

06/23/2017
09:21:02

Location

Brenton Point State
Park

Brenton Point State
Park

Pt. Judith

Pt. Judith

Brenton Point State
Park

Brenton Point State
Park

Brenton Point State
Park

Pt. Judith

Pt. Judith

Brenton Point State
Park

Brenton Point State
Park

Pt. Judith

Pt. Judith

Brenton Point State
Park

Notes

Fog has moved in. Visibility is 1/2 mile. Cannot
see the island
(41 27.012N 71 21.215W)
Can't see lights on turbines. Lights from ship
and buoy are all that can be seen
Lights on turbines can be seen along with lights
on the island.
(41 21.730N 71 29.151W)
All 5 turbines can be seen with the naked eye.
Turbines are in motion.
(41 22.59N 71 30.32W)

Block Island is visible with naked eye. Turbines
can be seen when zooming in with the camera.
(41 28.6N 71 18.48W)

Video of island and wind farm. Turbines are
behind the red buoy, but it is very hard to see
them in the video
Turbines and island still in view. 1642 is short
video.

1646 is short video. Island and turbines can be
seen. Turbines are seen moving.

(41 22.59N 71 30.32)

Turbines still visible. They are moving.

Haze has moved in. Can barely see turbines.
Island is no longer visible.
(41 28.6N 71 18.48W)
Lights on turbines can be seen at night. The
sixth red light is a buoy just off of Brenton point.

Lights can be seen on top of the turbines

Fog limiting visibility to about 1 mile. Can't see
island or Wind farm.
(41 22.59N 71 30.32W)
Fog limiting visibility to about 1 mile. Can't see
the turbines or island.
(41 28.50N 71 18.50W)
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Photo
Frame #

1613-
1616

1617-
1619

1620-
1623

1624-
1628

1629-
1635

1636

1636-
1642

1643-
1648

1649-
1653

1654-
1657

1658-
1662
1663-
1667

1668-
1672

1673-
1677



Table B-3. Meteorological Data Recorded during Visual Monitoring

Timestamp el g Beg:;ort % Cloud | Temperature Humidity
Weather  Direction o ' Cover  Fahrenheit
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O iatss  HazyFogay S 4 100 o7 %
O vatss HazyFogay S 4 100 o7 %
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002020 HazylFoggy —WNW 4 75 70 87
ososa | Sy W s %7 *
Nedoay sy s s 4w 3
Souos | Smdow s 4 s e >
Ogllzg/;ﬁ? sun down WNW 4 25 67 87
02/12%2217 sun down WNW 4 25 67 87
BT oy w2 m @ m

78

Notes

Fog limits visibility to less than
100yds. location: Pt Judith
Visibility still less than 100yds.
location: Brenton point

fog is still heavy at Brenton point

Fog has started to lift. Visibility up to
1/4 miles.

Fog moved back in. visibility less
than 100yds. cannot see lights from
wind farm
heavy fog at Brenton point prevent
lights from being seen
heavy fog at Brenton point prevent
lights from being seen

Visibility is roughly 100yds.

Remains very foggy. Sun is try to
break through.

fog is starting to lift a little

fog has lifted

cannot see the island or lights on
turbines from Brenton point

Clear calm day. island and wind
farm are not visible

Wind Speed
(mph)

3

2



Timestamp

06/21/2017
09:36:09
06/21/2017
11:55:48
06/21/2017
12:57:54
06/21/2017
16:18:35
06/21/2017
17:19:33
06/21/2017
20:54:34

06/21/2017
21:52:37

06/22/2017
08:27.03
06/22/2017
09:54:42
06/22/2017
12:05:40
06/22/2017
13:07:46
06/22/2017
15:46:53
06/22/2017
16:46:47
06/22/2017
21:07:29
06/22/2017
21:58:34
06/22/2017
21:58:34
06/23/2017
08:24:42
06/23/2017
09:22:42

General
Weather

Sunny
Sunny
Sunny
Sunny
Sunny

Cloudy

Cloudy

Sunny
Sunny
Sunny
Sunny
Sunny
Sunny
Cloudy
Cloudy
Cloudy
Cloudy

Sunny

Wind
Direction

SW

SE

NW

NW

SSwW

WNW

NE

SSW

SSW

WNW

SSE

NW

NW

WNW

Beaufort
Sea
State

3

3

% Cloud Temperature

Cover

25

25

40

10

25

25

100

10

10

20

75

100

100

90

25

Fahrenheit
72
73
76
72
67

64

67

74
72
72
76
73
71
66
66
66
68

70

79

Humidity

73
83
69
80
93

95

89

62
69
68
61
68
73
83
87
87
90

80

Notes
Clear day. a little haze on the
horizon here at Brenton point

no changes in weather

Some fog has moved in on the
horizon.

Fog has moved in off the coast.

Fog has lifted. can't see island

Even with clouds overhead, there is
clear visibility to the island. no
haziness at all
Very clear day. Now haze on the
horizon.

Very clear at Brenton too. no haze
or fog

No real change in the weather other
than the wind picking up.

Haze has moved in at Brenton point
limiting visibility

Fog has moved back in today

Fog has moved in here too.

Wind Speed
(mph)

6

6
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Airborne noise monitoring during BIWF turbine operation

4 Conclusions

Noise monitoring was undertaken at the Southeast Light for more than 14 continuous weeks while the
Block Island Wind Farm was fully operational. The monitoring was undertaken using a fixed position,
unattended sound level meter, supplemented by meteorological data.

Attended investigation on a vessel between 50 m and 750 m of the WTGs offshore during operation
confirmed that noise was usually difficult to identify over the ambient noise unless close to and directly
downwind of the WTG.

The data from the fixed SLM was analyzed to focus on the measurements taken with south-easterly
winds, giving the best chance of detecting noise from the turbines.

Any noise from the turbines could not be detected in the measurements onshore at any time. This is
partly because when the turbine is operating at high outputs, the background noise also increases
onshore due to movement of vegetation, but mostly because the measurements offshore confirm that
the noise levels in the vicinity of the turbines are low. Noise levels were sampled 65 dB Laeqimin at
50 m from the turbine tower, although this value is significantly influenced by natural ambient noise. In
isolation, the noise from the WTG would be lower than this.
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Appendix A Analyzed data
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Figure A-1. Detailed data breakdown from February 13 to February 20, 2017
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Figure A-8. Detailed data breakdown from April 3 to April 10, 2017

1/3 Octave LZeq

Subacoustech Environmental Ltd. 14 \
Document Ref: E494R0502 M L acoustech

mvironmental



Airborne noise monitoring during BIWF turbine operation

Wind Speed, km/h

90
80
70
60
50
40
30
20
10

sassen, aett,
:cn-.--"'o....'...-..--o . bl L L T .

.
PP L T A T

- .
Sgee®

se) 1

T 359

L .
Seener®

1180

Wind Direction, °

LAFmax

LAFeq

10000 gg &
N
T 11 wu\ |h-m.. w l uwtw,. Imhnm. *ﬂ 64 N
> . 56
Z 1000 TR R T T 8 %
= I | 40 ©
@  100F ,‘ ¥ 320
e 242
16

10 1 I

QS Q Q QS Q Q Q QS

Q Q Q Q Q Q Q Q

N & N N N N N &
oM > > ® ® S Y S
v g a4 A 2 it b
Nl Ned Ned Nl Nl Nl Nl N
& 3 & & 2 o 3 &
D N » s P » » D
Date and Time, UTC-4
Figure A-9. Detailed data breakdown from April 10 to April 17, 2017
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Figure A-10. Detailed data breakdown from April 17 to April 24, 2017
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Department of the Interior (DOI)

The Department of the Interior protects and manages the Nation's natural
resources and cultural heritage; provides scientific and other information
about those resources; and honors the Nation’s trust responsibilities or
special commitments to American Indians, Alaska Natives, and affiliated
island communities.

Bureau of Ocean Energy Management (BOEM)

The mission of the Bureau of Ocean Energy Management is to manage
development of U.S. Outer Continental Shelf energy and mineral resources
in an environmentally and economically responsible way.

BOEM Environmental Studies Program

The mission of the Environmental Studies Program is to provide the
information needed to predict, assess, and manage impacts from
offshore energy and marine mineral exploration, development, and
production activities on human, marine, and coastal environments. The
proposal, selection, research, review, collaboration, production, and
dissemination of each of BOEM’s Environmental Studies follows the
DOI Code of Scientific and Scholarly Conduct, in support of a culture of
scientific and professional integrity, as set out in the DOI Departmental
Manual (305 DM 3).
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