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Executive Summary 
Vineyard Wind, LLC (Vineyard Wind) is proposing to construct a commercial wind energy project (the 
Project) within Bureau of Ocean Energy Management (BOEM) Lease Area OCS-A 0501, which is located 
off the coast of Massachusetts.  Vineyard Wind intends to install wind turbine generators (WTGs) and 
electrical service platforms (ESPs) in the northeast portion of the Lease Area, referred to as the Wind 
Development Area (WDA).  The Construction and Operations Plan (COP) provides a detailed description 
of the Project, including a tentative schedule outlined in Section 1.5.3 of Volume I of the COP (July 2018).  
The Project COP was submitted for review to BOEM on December 19, 2017.  Pursuant to this review, 
BOEM provided technical comments to Vineyard Wind, and requested additional detail on specific 
acoustic and non-acoustic impacts to marine fauna during Project construction.  For additional information 
on species presence and environmental baseline for marine mammals and sea turtles, please see 
Sections 6.7 and 6.8 of Volume III of the COP. 

This supplemental document was prepared to address BOEM’s request for further information on 
acoustic and non-acoustic impact producing factors (IPFs) of the Project.  These IPFs include noise from 
pile driving, habitat modification, and vessel traffic during construction. The marine species evaluated 
include marine mammals and other marine fauna, such as sea turtles, that may occur in or near the WDA 
and surrounding area.  The assessment uses the most recent science available in the peer-reviewed 
literature relative to sound propagation, animal movement modeling, and potential impacts to and 
responses by marine species that may be present in the vicinity of the Project.   

JASCO Applied Sciences (JASCO) conducted acoustic modeling of underwater sound generated during 
piling installation (Appendix A).  The sound energy from pile driving is transmitted into the water from both 
the pile wall and through marine sediments.  Acoustic models predict the levels of this sound energy, and 
ranges to acoustic thresholds in water that may result in injury to marine fauna, or that have the potential 
to elicit behavioral response.   

The basic modeling approach is to characterize the sound source, and then determine how the sounds 
propagate in specific construction areas in multiple seasons and how they are potentially received by 
marine species.  The modeling results inform an analysis of the potential effects of pile driving on marine 
species that may be present near the WDA during construction.  In this study, a conservative modeling 
approach was adopted to account for both adjustments to Project plans and environmental variability.  
Two scenarios were modeled in the study: Maximum Design and Most Likely.  Each of these scenarios 
were modeled to assess the installation of one- and two-piles per day.  These scenarios include the two 
potential WTG and ESP foundation types in the Project Envelope: monopiles (larger diameter steel piles) 
and jackets (steel structures that include either three or four smaller diameter piles connected with welded 
steel tubular cross bracing).  The Maximum Design scenario considers the installation of up to 
90 monopiles and 12, four-pile jackets.  The Most Likely scenario considers the installation of up to 
100 monopiles and two, four-pile jackets.  Both scenarios were modeled over a construction period that 
excluded the months of January to April when endangered North Atlantic Right Whales (NARW) 
(Eubalaena glacialis) are likely to be present in relatively high numbers.  This reflects Vineyard Wind’s 
self-imposed prohibition on pile driving in these months for the protection of this species.   

Acoustic characteristics of the output signal from the piling activities proposed for the Project scenarios 
were predicted using finite difference and wave equation source models.  The resultant sound fields were 
then modeled to determine total sound propagation in the WDA and surrounding area.  Ranges to various 
sound level isopleths were estimated for permitting, monitoring, and mitigation purposes; and the sound 
fields were combined with JASCO’s Animal Simulation Model Including Noise Exposure (JASMINE) to 
estimate potential injurious and behavioral exposure levels for marine species near the proposed 
construction activities.  Animal aversion to sound and mechanism for recovery (or resetting) was included 
in JASMINE for sensitive species including the NARW and the Harbor Porpoise (Phocoena phocoena).  
The use of sound reduction technology mitigation was assessed for multiple levels of attenuation.  
Although many scenarios were assessed to determine a range of potential impacts, the final 
determinations herein are reflective of the Maximum Design scenario, which is a conservative approach. 
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Acoustic thresholds used in this study represent the best available science on the effects of sound on 
marine mammals (NMFS 2018; Wood, Southall, & Tollit, 2012) and sea turtles (Popper et al., 2014).  The 
NMFS (2018) Technical Guidance document includes acoustic criteria for potential onset of temporary 
and permanent threshold shift in marine mammals.  Wood et al. (2012) used a frequency weighted metric 
to assess probability of behavioral response to impulsive sounds.  The Wood et al. criteria are also limited 
to marine mammals.  The Guidelines established by Popper et al. (2014) represent the consensus efforts 
of a scientific working group to establish sound exposure guidelines for sea turtles, fishes and fish eggs 
and larvae, across the complete range of taxa and sound types, considering mortality and injury.   

Project pile driving sounds are predicted to attenuate to background levels over several kilometers (km) 
assuming an unobstructed straight line.  Seabed surface features and marine infrastructure will increase 
the attenuation of sound; therefore, modeled ranges to sound levels that could potentially elicit behavioral 
response are considered conservative.  Additionally, in all cases where comparative analyses were 
completed for ranges and exposures to assess the impact of sound reduction mitigation, the mean of the 
maximum number was used.  This is also a conservative approach. 

Overall, the predicted exposure results expressed as potential impacts to species’ abundance indicate 
very low (negligible) impact rating to mid- and high-frequency cetaceans and pinnipeds, regardless of the 
scenario or number piles driven per day, for both potential injury and behavioral disruption.  While 
individual animals may be exposed, the number of animals affected is small relative to the size and health 
of their populations.  Of this group, only Sperm Whales (Physeter macrocephalus) are endangered, but 
due to their low density in the WDA and preference for deep water, the predicted impact to this species is 
negligible (0% of population).  A small number of pinnipeds (< 2 Harp Seals [Pagophilus groenlandicus] 
and < 1 animal for each of Gray [Halichoerus grypus] and Harbor Seals [Phoca vitulina]) were predicted 
to receive injurious levels of sound without attenuation of the piling source.  Without attenuation, ~13 
Harbor Porpoises were predicted to receive injurious levels of sound based on exposures exceeding the 
unweighted, peak sound pressure (PK) threshold.  With attenuation ranging from 6–12 dB, the number of 
Harbor Porpoise predicted to receive injurious levels of sound decreases to < 2–6 animals, and injurious 
impacts to pinnipeds are < 1 animal for each species.  These estimates do not include modeled aversive 
behavior.  When aversion was included in the Harbor Porpoise modeling, zero animals received sound at 
injury threshold levels. 

Low-frequency cetaceans are more likely to exceed the sound exposure level (SEL) exposure threshold.  
This occurs because the hearing frequency of this group overlaps with the highest energy frequency 
bands produced during pile driving.  In the Maximum Design scenario with two piles installed per day, 
without attenuation, the predicted potential risk of injurious exposures expressed as a percentage of 
species abundance is very low (e.g., 0.10% of Minke Whale [Balaenoptera acutorostrata], 0.37% of Fin 
Whale [Balaenoptera physalus], 0.13% of Sei Whale [Balaenoptera borealis] population), and low (e.g., 
1.66% of NARW and 1.56% of Humpback Whale [Megaptera novaeangliae] population).  However, sound 
attenuation mitigation is proposed for the Project, which significantly reduces the number of predicted 
exposures as a percentage of abundance for all species, including mysticetes.  For the critically 
endangered NARW, modeled sound attenuation by 12 dB reduces the number of predicted animals 
potentially exposed to injurious levels of sound to less than 0.10 animals in the Maximum Design 
scenario, and less than 0.06 (nearly zero) animal in the Most Likely scenario, 0.03% and 0.02% of the 
species’ population respectively.      

This result is consistent for all low-frequency cetaceans.  With a targeted sound reduction of 
approximately 12 dB using sound attenuatuion technologies outlined in Table 31, the number of modeled 
animals as a percentage of abundance, potentially exposed to injurious levels of sound is reduced to 
nearly zero in all scenarios, for all species.  Therefore the impact risk rating for low-frequency cetaceans 
is very low to negligible.  These exposure predictions and ratings for low-frequency cetaceans do not 
account for aversion, which is commonly seen in mysticetes exposed to anthropogenic sound, nor do 
they account for other proposed mitigation measures, including ramp-up, zone clearance and monitoring.  
Therefore, they are conservative estimates.  An example model run was conducted for NARW that 
included aversion.  Even without attenuation, the aversion model predicted that the number of NARW that 
could potentially receive injurious levels of sound was nearing zero.   
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Assuming 12 dB of attenuation, the largest percentage of a population potentially exposed to behavioral 
harassment thresholds is just over 2% of NARW.  Model exposure estimates for other species have much 
larger absolute values of potential exposures, so this result is driven by the very low abundance of 
NARW.  Nonetheless, the percentage calculated represents a small portion of the NARW population and 
very small portions for all other species.  Potential exposures at injurious levels are even smaller portions 
of some populations and effectively zero for most.  Assuming no attenuation, the percentage of the 
NARW population potentially exposed at behavioral harassment levels rises to just over 5%, while most 
other species remain below 2%.  These values and the lower values associated with potential injurious 
exposures represent small portions of the species populations.   

Based on this approach to assessing potential exposures in the context of marine mammal population or 
stock sizes, impacts to the species present in the region are expected to be negligible. 

Using the NMFS injury criteria (unweighted 180 dB Lp) with sound exposure estimates, < 1 Loggerhead 
Turtle (Caretta caretta) is predicted to be exposed to an injurious sound level threshold.  When 
attenuation is considered, the number of modeled Loggerhead Turtles estimated to receive injurious 
exposures decreased to ~0.1. For both Maximum Design and Most Likely scenarios, ~0.1 Leatherback 
(Dermochelys coriacea) and Kemp’s Ridley Sea Turtles (Lepidochelys kempii) were predicted to receive 
injurious levels of sound, without attenuation.  With attenuation, the predicted number approaches zero. 
When using the Popper et al. (2014) criteria (210 dB LE, or 207 dB Lpk) (Popper et al., 2014) (Popper et 
al., 2014) (Popper et al., 2014) (Popper et al., 2014) (Popper et al., 2014) (Popper et al., 2014), fewer 
than one, or approaching zero, animals were predicted to receive injurious levels of sound, with or without 
attenuation.  The calculated radius, using the Popper et al. (2014) criteria, within which, if present, turtles 
might experience the NMFS injury thresholds with attenuation of 6 and 12 dB, is 67–487 m (220–1598 
feet) and 34–153 m (112–502 feet) respectively.  

The behavioral criteria used by the NMFS for sea turtles is an unweighted 166 dB SPL (NSF, 2011). This 
level of sound is predicted to propagate to a range of approximately 4 km (2.5 miles) from the piling 
source.  Exposure results predict approximately three Loggerhead Turtles would receive sound levels 
sufficient to result in a behavioral response for the modeled scenarios without attenuation.  With 
attenuation, the predicted number of Loggerhead Turtles expected to experience a behavioral response is 
~2 for 6 dB of attenuation and ~1 for 12 dB of attenuation.  Models predict that fewer than one each of 
Leatherback and Kemp’s Ridley Sea Turtles may potentially receive sound levels above the behavioral 
threshold without attenuation, and even less with attenuation. 

Mitigation measures implemented during pile driving can decrease the potential impacts to marine 
species by reducing the zone of potential impact and therefore the likelihood of injurious sound exposure.  
Mitigation measures under consideration to achieve these sound reductions for the Project include but 
are not limited to: equipment selection that is optimized for sound reduction (Integrated Pile Installer), 
underwater noise abatement systems (e.g., AdBm encapsulated bubble sleeve), and/or bubble curtains.  
Various studies have demonstrated that these mitigation measures are capable of attenuating sounds by 
approximately 10 to 23 dB (Christopherson & Lundberg, 2013; Reinhall, Dardis, & Dahl, 2015).  A 
California Department of Transportation (CalTrans) study tested several sound reduction systems and 
found that they resulted in 10–15 dB of attenuation in good conditions (Buehler, Oestman, Reyff, 
Pommerenck, & Mitchell, 2015).  Attenuation levels also vary by equipment type, frequency band, and 
location.  Various levels of attenuation ranging from 0–12 dB were modeled for the Project (Appendix A).  
Given the limitations of effectiveness predictability, Vineyard Wind will implement sound attenuating 
mitigation measures targeting the more attainable, up to approximately 12 dB sound level decrease, to 
reduce the potential for impact to marine species.    

Vineyard Wind will implement mitigation measures to reduce the potential for negative impacts to marine 
fauna. While protection of marine mammals is a top priority, environmental and human health and safety 
is the very highest priority in working in the offshore environment; therefore, exceptions to mitigation may 
be made under certain circumstances.  Mitigation measures proposed to reduce potential acoustic and 
non-acoustic impacts include: 
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Monitoring  
& mitigation 
measure 

Description 
Anticipated 
regulatory 

requirement 
Enhanced 
mitigation Additional information 

Mitigation for All Marine Mammals and Sea Turtles During Pile Driving 

Seasonal 
Restrictions1 

 Vineyard Wind will establish a restriction on pile driving 
between January 1 and April 30 --  

 No pile driving 
activities  
January - April 

Sound Reduction 
Technology 

 Vineyard Wind will implement attenuation mitigation to 
reduce sound levels by a target of approximately 12 dB 
- A noise attenuation technology will be implemented  

(e.g., Noise Mitigation System [NMS], Hydro-sound 
Damper [HSD], Noise Abatement System [AdBm], 
bubble curtain, or similar), and a second back-up 
attenuation technology (e.g. bubble curtain or similar) 
will be on-hand, if needed pending results of field 
verification 

--  
 Integrated equipment 

dampening methods 
 External sound 

dampening 

Sound Field 
Verification 

 Sound levels will be recorded for each of the pile types 
for comparison with model results   

 One each of the 
monopiles and jacket 
piles will be recorded 
and characterized 

Low Visibility 
Construction 
Operations 

 Pile driving will not be initiated when the clearance zone  
cannot be visually monitored --   As determined by the 

lead PSO on duty 

Protected Species 
Observers (PSOs) 

 A minimum of two PSOs will maintain watch during 
daylight hours when pile driving is underway 

 PSOs may not perform another duty while on watch 
 PSOs may not exceed four consecutive watch hours; 

must have a minimum two hour break between 
watches; and may not exceed a combined watch 
schedule of more than 12 hours in a 24-hour period 

 All PSOs will have training certificates that meet or 
exceed BOEM/BSEE criteria or have NMFS approval, 
or will be pre-approved by NMFS  

 PSOs will be deployed on the installation vessel 
 PSOs will check the NMFS Sighting Advisory System 

for NARW activity 
 Clearance and monitoring zones will be monitored 

around the pile center for marine mammals 
 PSOs will record behavioral activity of animals 

observed 

  n/a 

Pre-piling Clearance 
Timing 

 Clearance zone(s) must be clear for the following time 
period  
prior to pile driving 
- Mysticete whales and sea turtles2 for 30 minutes 
- Odontocetes and Pinnipeds for 15 minutes  

   Use reticle binoculars 
and/or range sticks 

Soft-start  Soft-start will be implemented during pile driving    n/a 
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Monitoring  
& mitigation 
measure 

Description 
Anticipated 
regulatory 

requirement 
Enhanced 
mitigation Additional information 

Passive Acoustic 
Monitoring (PAM) 

 A PAM system will be utilized – the system will be 
identified prior to construction and in consultation with 
BOEM and NOAA Fisheries 

 The PAM system will not be located on the installation 
vessel to avoid interference 

 A team of trained PAM operators will monitor for 
acoustic detections 

 The system will be in operation in accordance with the 
pre-piling clearance timing 

--  n/a 

Clearance Zones 
(radius from pile 
center) 

  Monopile and Jacket Installation: 
- Mysticete Whales: 500 m 
- Odontocetes, Pinnipeds, and Sea Turtles: 50 m 

  

 Proposed clearance 
zones are based on 
modeled distances to 
the NMFS Level A 
harassment 
thresholds (both PK 
and SEL), visual 
observation capability, 
and practical offshore 
implementation. 

 Clearance zone 
distances assume 
longer than expected 
exposure durations for 
SEL criteria. 

Monitoring Zone 
(radius from pile 
center) 

  PSOs will monitor to the extent practicable  
- During Monopile Installation: 2,750 m 
- During Jacket Installation: 2,200 m 

 

  

 Monitoring zones are 
based on the NMFS 
Level B harassment 
criteria (160 dB SPL) 
and reflect the 
average distance of 
two modeled sites. 

Shut downs 

 If a marine mammal or sea turtle is observed 
approaching the clearance zone, the PSO will request a 
temporary cessation of pile driving.  Where shut-down is 
not possible to maintain installation feasibility, reduced 
hammer energy will be requested and implemented 
where practicable 
 After shut down, piling can be initiated once the 

clearance zone is clear for the minimum species-
specific time period, or if required to maintain 
installation feasibility 
 
 

 -- n/a 
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Monitoring  
& mitigation 
measure 

Description 
Anticipated 
regulatory 

requirement 
Enhanced 
mitigation Additional information 

Vessel Strike 
Avoidance 

 100 m (328 feet) will be maintained between all 
transiting vessels and whales 
 If a whale is observed within 100 m (328 feet), the 

transiting vessel will shift engine to neutral and will not 
re-engage engines until the whale has moved out of the 
vessel path and beyond 100 m (328 feet) 
 Transiting vessels will maintain a separation distance of 

50 m (164 feet) from pinnipeds and dolphins, except for 
bow-riding dolphins and pinnipeds that approach the 
vessel 
 Vineyard Wind will report sightings of injured or dead 

protected species 

  n/a 

Additional Pile Driving Mitigation for NARW 

May 1 to May 14 

 An extended PAM clearance zone of 10 km (radius 
from pile center) will be implemented for NARW 

 PAM will be operated 24/7 
 Prior to piling, an aerial or boat survey will be 

conducted across the extended 10 km clearance zone 
- Aerial surveys will not begin until the lead PSO on 

duty determines adequate visibility and at least 1 
hour after sunrise (on days with sun glare) 

- Boat surveys will not begin until the lead PSO on 
duty determines there is adequate visibility 

- If a NARW is sighted during the survey, piling 
operations will not be conducted that day unless an 
additional survey is conducted to confirm the zone is 
clear of NARW 

--  n/a 

May 1 to December 
31 

 60 minute pre-piling monitoring time period 
 Clearance zone: minimum 1000 m --  n/a 

November 1 to 
December 31 

  An extended PAM clearance zone of 10 km (radius 
from pile center) will be implemented for NARW 
  An aerial survey, as described above may also be 

utilized to confirm zone is clear 
 PAM will be operated 24/7 

--  n/a 

Additional Vessel Speed Mitigation for NARW 

November 1 to May 
14 

 Vessels will travel at less than 10 knots within the WDA 
 When transiting to or from the WDA (this will not apply 

to any transitting in Nantucket Sound, which has been 
demonstrated by best available science to not provide 
consistent habitat for NARW) Vineyard Wind will either 
travel at less than 10 knots or will implement visual 
surveys or PAM to ensure the transit corridor is clear of 
NARW 

--  n/a 
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Monitoring  
& mitigation 
measure 

Description 
Anticipated 
regulatory 

requirement 
Enhanced 
mitigation Additional information 

DMA 
 Vineyard Wind will reduce speeds within a DMA to 10 

knots unless visual surveys or PAM are conducted, 
which demonstrate that NARW are not present in the 
transit corridor, or the animals can be avoided 

--  n/a 

Year-round 

 An observer who has undergone marine mammal 
training will be stationed on vessels transiting to and 
from the WDA if traveling over 10 knots 

 500 m (1640 feet) will be maintained between all 
transiting vessels and NARW 

--  n/a 

1 This restriction is intended to minimize the amount of pile driving that occurs when the migratory NARW is likely to be in 
the Offshore Project Area and thus limit sound exposure for this endangered species.  Density data from Roberts et al. 
(2016) and survey data (both visual and acoustic) from Kraus et al. (2016) suggest that the highest density of NARWs in the 
WDA occurs annually in March.  Over 93% of the sightings in the Kraus et al. (2016) study occurred from January through 
April, with no NARWs sighted from May through August. 
2 Consistent with sea turtle clearance times for seismic activity in the Atlantic and Gulf of Mexico - 30 minutes (BOEM 2012, 
BOEM-NTL-2016-G02). 

 
Acoustic model predictions assume that biological receivers are mobile for the duration of the sound 
exposure and that sound attenuation will be applied during pile driving. 

In addition to acoustic-related IPFs, there is the potential for other non-acoustic environmental impacts 
arising from the Project.  Consistent with the analysis provided in the COP, supplemental evaluations 
identify potential non-acoustic impacts to marine mammals and sea turtles, including habitat modification 
and vessel traffic during construction and operation.  Analyses of these impacts were most recently 
conducted by BOEM in the Programmatic Environmental Impact Statement for Alternative Energy 
Development and Production (BOEM 2016) and in the Commercial Wind Lease Issuance and Site 
Assessment Activities Environmental Assessments (BOEM 2012).  All the potential non-acoustic IPFs are 
extensively regulated by multiple agencies (e.g., BOEM, USCG, and USEPA).  Based on the evaluation, 
impacts from installation and operation activities are expected to be low, and after mitigation measures 
are implemented, the residual risk of impacts is expected to be significantly reduced.  
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1. Introduction 
Vineyard Wind, LLC (Vineyard Wind) is proposing to construct a commercial wind energy project (the 
Project) in Lease Area OCS-A 0501, which is located off the coast of Massachusetts.  Vineyard Wind 
intends to install wind turbine generators (WTGs) and electrical service platforms (ESPs) in the northeast 
portion of the Lease Area, referred to as the Wind Development Area (WDA) (Figure 1).  The 
Construction and Operations Plan (COP) provides a detailed description of the Project, including a 
tentative schedule outlined in Section 1.5.3 of Volume I of the COP (July 2018), and the environmental 
baseline as it pertains to marine mammals and sea turtles.  The Project COP was submitted for review to 
the Bureau of Ocean Energy Management (BOEM) on December 19, 2017.  Pursuant to this review, 
BOEM provided technical comments to Vineyard Wind on February 2, 2018, with a request for 
supplemental information relating to the potential for additional acoustic and non-acoustic impacts to 
marine mammals and sea turtles during Project construction.       

This supplemental submission was prepared to address BOEM’s request for further information on 
acoustic and non-acoustic impact producing factors (IPFs) of the Project.  These IPFs include noise from 
pile driving, habitat modification, and vessel traffic.  The marine species evaluated include marine 
mammals and other marine fauna, such as sea turtles, that may occur in or near the WDA and 
surrounding area.  The assessment uses the most recent science available in the peer-reviewed literature 
relative to sound propagation, animal movement modeling, and potential impacts to, and responses by, 
marine species that may be present in the modeled exposure area.   

This supplement is intended to inform BOEM’s preparation of an environmental impact statement (EIS) to 
support review under the National Environmental Policy Act (NEPA), and agency decision on the 
Vineyard Wind Project.  The document is written to complement the existing materials provided in 
Sections 6.5-6.8 of Volume III of the COP, particularly sub-sections describing potential impacts of the 
Project related to increased noise, habitat changes, and vessel traffic.  During the development of this 
supplemental submission, Vineyard Wind met with BOEM and the National Oceanic and Atmospheric 
Administration (NOAA) to understand their respective considerations under NEPA, the Marine Mammal 
Protection Act (MMPA), and the Endangered Species Act (ESA).  Vineyard Wind will separately seek 
authorization under the MMPA to conduct construction activities.   

This document is organized into separate sections for IPFs that describe consequential potential risks to 
marine mammals, sea turtles, and other marine fauna species that may be present in the WDA and 
surrounding region during the construction of the Project.  Appendix A of this supplemental submission 
provides a complete analysis of acoustic sources and propagation modeling with respect to pile driving.  
The acoustic analysis report includes modeled sound levels, main frequency bands for the two foundation 
types under consideration (monopiles and jacket piles), and the estimated duration, number of strikes, 
and pile-driving energy required to install each pile.  Vineyard Wind provided the requisite information on 
pile-driving energy, number of strikes, and duration for the acoustical analysis.  Figure 1 shows an 
overview of the WDA, with the Project footprint and acoustic modeling sites highlighted.  Information 
provided in this report supersedes that provided in Volume III of the COP, as it incorporates information 
and modeling results that were not available at the time the previous document was submitted. 
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Figure 1. Overview of the WDA with proposed pile locations and modeling sites for impact pile driving. 
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2. Acoustic Impacts Modeling  

2.1. Pile driving as a Source of Sound  
When piles are driven with impact hammers they deform, creating a bulge that travels down the pile and 
radiates sound into the surrounding air, water, and seabed. This sound may be received as a direct 
transmission from the source to biological receivers, such as marine mammals, sea turtles, and fish, 
through the water, or as the result of reflected paths from the surface or re-radiated into the water from 
the seabed (Figure 2). Sound transmission depends on many environmental parameters, such as the 
sound speeds in water and substrates; sound production parameters of the pile and how it is driven, 
including the pile material, size (length, diameter, and thickness); and the type and energy of the hammer. 
These parameters were considered in the acoustic modeling detailed in Appendix A.   

 
Figure 2. Sound propagation paths associated with pile driving (adapted from Buehler et al., 2015).  

Mitigation of pile driving sound focuses on reducing potential impacts to marine fauna such as marine 
mammals, sea turtles and pelagic fish (described in Sections 6.5–6.8 of Volume III of the COP).  The 
main goal for mitigating potential impacts  from pile driving sound on marine aquatic ecology is to 
minimize, as much as possible, the sound levels from the pile driving source.  Doing so reduces the zone 
of potential impact, thus reducing the likelihood of sound exposure to the biological receiver.  Attenuation 
results for piling mitigation with sound reduction up to 12 dB are assumed in the model for this Project.  
These reductions may be achieved with various proven technologies outlined in the Project mitigation 
table (Table 31).  Mitigation measures under consideration to achieve these sound reductions for the 
Project include: equipment selection that is optimized for sound reduction (Integrated Pile Installer) and 
underwater noise abatement systems (e.g., Hydro-sound Damper, AdBm encapsulated bubble sleeve 
and/or bubble curtains) deployed near to the pile and farther from the source. 



JASCO APPLIED SCIENCES  Appendix III-M: REVISED DRAFT - Supplemental Information 

Version 3.1 4 

2.2. Acoustic Modeling: Scope and Assumptions 
Vineyard Wind is proposing to install up to 100 WTGs and two electrical service platforms (ESPs) in the 
WDA1.  Two types of foundations are included in the Project Envelope and were considered in the 
acoustic modeling study:  

• Monopile foundations varying in size with a maximum of 10.3 meter (m) (33.8 feet [ft]) diameter piles, 
and 

• Jacket-style foundation using three-four, 3 m (9.8 ft) diameter (jacket) piles.   

The 10.3 m (33.8 ft) monopile foundation is the largest potential pile diameter proposed for the Project 
and represents the Maximum Design scenario for monopile foundations.  Piles for monopile foundations 
will be constructed for specific locations with maximum diameters ranging from ~8 m (26.2 ft)  up to 
10.3 m (33.8 ft) and an expected median diameter < 9 m (29.5 ft) .  Jacket foundations each require the 
installation of three to four, 3 m (9.8 ft) diameter jacket securing piles, known as jacket piles.  The piles for 
the monopile foundations are all 95 m (311.7 ft) in length and will be driven to a penetration depth of 20–
45 m (65.6–147.6 ft).  The 3 m (9.8 ft) jacket piles for the jacket foundations are 65 m (213.3 ft) (WTGs) or 
80 m (262.5 ft) (ESPs) maximum length and will be driven to a penetration depth ranging from 30–75 m 
(98.4–246 ft) (Tables 3.1-3 and 3.1-4 of Volume I of the COP).  An IHC S-4000 hammer was modeled for 
driving piles for the monopile foundations and an IHC S-2500 for driving the 3 m (9.8 ft) jacket piles.  
Representative hammering schedules of increasing hammer energy with increasing penetration depth 
were modeled resulting in, generally, higher intensity sound fields as the hammer energy and penetration 
increases.  

Two installation scenarios were considered: 1) the Maximum Design scenario consisting of 90, 10.3 m 
(33.8 ft) WTG monopile foundations, 10 WTG jacket foundations, and two ESP jacket foundations; and 
2) the Most Likely scenario, which is the maximum of the Most Likely installation configuration consisting 
of 100 10.3 m (33.8 ft) WTG monopile foundations and two ESP jacket foundations2 (Table 1).  Both 
scenarios assumed four piles for each jacket. 

Table 1. Modeling scenarios 

Scenario 
WTG monopiles 
(pile size: 10.3 m 

[33.8 ft]) 

WTG jacket 
foundations 

(pile size 3 m [9.8 ft], 
4 piles per jacket) 

ESP jacket 
foundations 

(pile size 3 m [9.8 ft], 
4 piles per jacket) 

Total # piles Total # 
locations 

Maximum Design  90 10 2 138 102 
Most Likely 100 -- 2 108 102 

 

Both scenarios were modeled assuming the installation of one monopile per day, and for comparison, two 
monopiles per day distributed across the same calendar period (Tables 2 and 3).  One jacket foundation 
per day (i.e., four piles) was assumed for both scenarios.  It was also assumed that no concurrent pile 
driving will be performed. The pile driving schedules for modeling were provided by Vineyard Wind’s 
engineers, and created based on the number of expected suitable weather days available per month in 
which pile driving may occur.  The number of suitable weather days per month was obtained from 
historical weather data. 

                                                      
1  106 potential turbine locations were assessed in the COP, to allow flexibility for the Project.  However, 

the maximum number of turbines to be installed is up to 100. 
2  Alternatively, Vineyard Wind may install a single ESP, which may have up to eight piles, and 

therefore be treated as two, four pile jacket installations. 
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Figure 3. Decidecade-band spectral source levels for jacket pile (3 m [9.8 ft]) installation using IHC S-
2500 hammer operating at 250 kJ to 2200 kJ. 
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Figure 4. Decidecade-band spectral source levels for monopile (10.3 m [33.8 ft]) installation using IHC 
S-4000 hammer operating at 500 kJ to 2500 kJ. 
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3. Acoustic Impact Analysis Methods Overview 
To estimate potential effects (e.g., injury, behavioral disturbance) of noise generated during the Project to 
marine fauna, JASCO performed the following modeling steps: 

1. Modeled the spectral and temporal characteristics of the sound output from the proposed pile driving 
activities using the industry-standard GRLWEAP (wave equation analysis of pile driving) model, and 
JASCO’s Pile Driving Source Model (PDSM).  Source model set-up and initialization data was based 
on pile-driving operational parameters provided by Vineyard Wind. 

2. Acoustic propagation modeling using JASCO’s Marine Operations Noise (MONM) and Full Wave 
Range Dependent Acoustic (FWRAM) Models that combined the outputs of the source model with the 
spatial and temporal environmental context (e.g., location, oceanographic conditions, seabed type) to 
estimate sound fields (converted to exposure radii for monitoring and mitigation).  The lower 
frequency bands were modeled using MONM-RAM, which is based on the parabolic equation method 
of acoustic propagation modeling, and the higher frequencies were modeled using MONM-Bellhop, 
which is a Gaussian-beam ray-theoretic acoustic propagation model. 

3. Animal movement modeling integrated the estimated sound fields with species-typical behavioral 
parameters (e.g., dive patterns, aversion) in the JASCO Animal Simulation Model Including Noise 
Exposure (JASMINE) model to estimate received sound levels for the animals that may occur in the 
operational area. 

4. Estimated the number of potential injurious and behavioral level exposures based on pre-defined 
acoustic thresholds/criteria (NMFS 2018). 
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4. Acoustic Impact Assessment – Marine Mammals 
Scientific knowledge of how anthropogenic sound sources may or may not affect marine mammals is 
rapidly evolving, with significant research investment by industry, government, and academia into 
improving the understanding of the impacts of sound from pile driving and other industrial operations on 
marine mammals and the potential for reducing these impacts through mitigation procedures.  This 
analysis employs robust acoustic impact assessment methods that consider pile-specific parameters, 
environmental conditions relevant to the location and affecting sound propagation, local animal densities, 
and biological behaviors of the species present in the area. 

4.1. Species that May be Present in the Project Area 
Of the approximately 133 species of known marine mammals, 26 are known to occur at least occasionally 
within the WDA.  Thirteen cetaceans and three pinniped species are thought to occur in the 
Massachusetts Wind Energy Area (MA WEA) and the Massachusetts/Rhode Island Wind Energy Area 
(MA/RI WEA).  The remaining 10 species are all considered extralimital strays, and unlikely to occur.  
Four cetacean species are listed as endangered, with the North Atlantic Right Whale (NARW) (Eubalaena 
glacialis) considered the rarest of all marine mammal species in the Atlantic Ocean.  Both common and 
uncommon species are included in the assessment.  Uncommon species include: Sperm Whales 
(Physeter macrocephalus) and Risso’s Dolphins (Grampus griseus), which are found in deeper waters 
than the WDA, and Harp Seals (Pagophilus groenlandicus), which are typically found farther north than 
the WDA (Hayes et al., 2017).  In addition, there are two pilot whale species (Long-Finned and Short-
Finned Pilot Whales [Globicephala melas and Globicephala macrorhynchus) with distributions that 
overlap in the latitudinal range of the Offshore Project Area (Hayes et al., 2017; Roberts et al., 2016).  
Because it is difficult to discriminate the two species at sea, sightings and thus the densities calculated 
from them, are generally reported together as Globicephala spp.  (Hayes et al., 2017; Roberts et al., 
2016).  Both Long- and Short-Finned Pilot Whales are treated as one uncommon species in the model.  
Except for NARW, species that are extralimital, or unlikely to occur in the WDA, are not considered further 
in the environmental analysis.  Marine mammal species resident in the WDA and evaluated in this study 
are shown in Table 5. 
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Table 5. Summary of marine mammal species considered in the acoustic exposure analysis. 

Species of interest Hearing 
group 

Estimated 
auditory 

bandwidth1 
Area population 

status2 Referenced materials 
Common name Latin binomial 

Fin whale* Balaenoptera 
physalus LF 15 Hz to 10 kHz Common (Cranford & Krysl, 2015) 

Humpback whale Megaptera 
novaeangliae LF 20 Hz to 10 kHz Common (Houser, Helweg, & Moore, 2001) 

Minke whale Balaenoptera 
acutorostrata LF 50 Hz to 10 kHz Common  

North Atlantic right 
whale* 

Eubalaena 
glacialis LF 10 Hz to 22 kHz Common (Parks, Ketten, O'Malley, & 

Arruda, 2007) 

Sei whale* Balaenoptera 
borealis LF 15 Hz to 3.5 kHz Uncommon (Baumgartner et al., 2008; 

McDonald et al., 2005) 
Atlantic white sided 
dolphin 

Lagenorhynchus 
acutus MF 1–100 kHz Common  

Bottlenose dolphin Tursiops 
truncatus MF 150 Hz to 135 kHz Common  

Long-finned pilot whale Globicephala 
melas MF 0.5–80 kHz Uncommon (Pacini et al., 2011) 

Short-finned pilot whale Globicephala 
macrorhynchus MF 0.5–80 kHz Rare (Schlundt, Dear, Bowles, 

Reidarson, & Finneran, 2011) 

Risso’s dolphin Grampus griseus MF 1–100 kHz Uncommon (Nachtigall et al., 1995; Nachtigall 
et al., 2005) 

Short beaked dolphin Delphinus 
delphis MF 1–100 kHz Common  

Sperm whale* Physeter 
macrocephalus MF 0.5–60 kHz Uncommon  

Harbor porpoise Phocoena 
phocoena HF 250 Hz to 180 kHz  Common (Kastelein 2002) 

Gray seal Halichoerus 
grypus PW 50 Hz to 30 kHz Common  

Harbor seal Phoca vitulina PW 0.5–40 kHz Common (Kastelein et al., 2009) 

Harp seal Pagophilus 
groenlandicus PW 0.75–30 kHz Uncommon (Terhune & Ronald, 1972) 

1 Estimates of species auditory bandwidth are from many different sources included in the report bibliography  
2 Categories: common–abundant wherever it occurs in the region; uncommon–may or may not be widely distributed but does not occur in large 
numbers; rare–present in such small numbers throughout the region that it is seldom seen 
* Endangered listing 
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4.2. Density Estimates 
Quantifying the number of animals or the percentage of a population that is at risk of acoustic exposure 
requires an estimate of the number of animals in that area.  Occurrence and abundance estimates are 
determined from visual and/or acoustic surveys that identify, count, and log the position of species in 
various waters.  From these data, models can be created to provide estimates of occurrence likelihood 
(surface density) along transect lines and between lines.  

Marine mammal density estimates (animals/km2) used in this assessment were obtained using the Duke 
University Marine Geospatial Ecological Laboratory model results (Roberts et al., 2016).  Jason Roberts 
supplied an unpublished updated model for NARW densities (Roberts, Mannocci, & Halpin, 2017) that 
incorporates more sighting data than (Roberts et al., 2016), including sightings from the Atlantic Marine 
Assessment Program for Protected Species (AMAPPS) 2010–2014, which included some aerial surveys 
over the MA WEA and MA/RI WEA (NEFSC and SEFSC, 2011a; NEFSC and SEFSC, 2011b; NEFSC 
and SEFSC, 2011c; NEFSC and SEFSC, 2012; NEFSC and SEFSC, 2013; NEFSC and SEFSC, 2014; 
NEFSC and SEFSC, 2015; NEFSC and SEFSC, 2016).  Density estimates for pinnipeds were calculated 
using Roberts et al. (2015) density data.   

Visual survey studies conducted by BOEM in the Offshore Project Area were reviewed to assess 
agreement with the Roberts et al. (2016; 2015; 2017) density estimates for NARW and other species 
(Kraus et al., 2016).  Notably, there were no aerial sightings of NARW for the months of May to October, 
and only four sightings in December across all survey years (October 2011-June 2015) (Kraus et al., 
2016).  There are no piling activities planned for the Project during January to April, when most of the 
sightings occurred in the study.  Based on a review of the Kraus et al. (2016) survey information, and a 
comparison with previous efforts to calculate densities using an alternative approach, it was determined 
that no changes were needed to the Roberts et al. (2016; 2015; 2017) density estimates used in the 
model.   

4.2.1. Uncommon species 
Uncommon species, including Sperm Whale, Risso’s Dolphin, Long-finned Pilot Whale, and Harp Seal, 
are unlikely to be exposed to sound from pile driving due to the relatively short duration of each pile 
driving event and these species’ unusual occurrence in the WDA.  Kraus et al. (2016) reported sightings 
of only one Sperm Whale in the fall and three groups totaling eight Sperm Whales in the summer over a 
five year aerial survey study specifically focused on the MA WEA and MA/RI WEA.  These sightings 
occurred in two different years.  Only two sightings totaling two Risso’s Dolphins were recorded by Kraus 
et al. (2016) during the same period.  It is difficult to discriminate Long- and Short-finned Pilot Whales at 
sea, and therefore the densities calculated from sightings of both species are generally reported together 
as Pilot Whales (Globicephala spp.) (Hayes et al., 2017; Roberts et al., 2016).  While a small number of 
the Pilot Whales occurring in the Offshore Project Area could be Short-finned Pilot Whales, it is likely that 
most of the affected animals from this genus will be Long-finned Pilot Whales.  Pilot Whales were 
observed 11 and three times in the spring and summer, respectively, during aerial surveys of the MA/RI 
WEA during 2011–2015 (Kraus et al., 2016).   

Harp Seals were not observed during any of the AMAPPS surveys.  Harp Seals typically breed on pack 
ice and migrate southward in the fall to areas of Nova Scotia; however, Harp Seals have been observed 
in US waters (Harris, Lelli, & Jakush, 2002), and Harp Seals have been occasionally recorded on land 
south of the MA WEA and MA/RI WEA in areas of New York, usually in groups of one or two individuals 
(CRESLI, 2018).  Approximately 11 individuals have been observed by the Coastal Research and 
Education Society of Long Island (CRESLI) near Long Island since 2008 (CRESLI, 2018).  Harp Seals 
strand in Massachusetts, with a total of 96 recorded strandings from 2007 to 2011 (Hayes et al., 2017).  
Despite their rarity, uncommon species were included in the modeling effort, with Pilot Whales reported in 
one category.   
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4.2.2. Monthly densities  
Mean monthly densities for all animals were calculated using a 13 km (8 mile) buffered polygon around 
the WDA perimeter and overlaying it on the abundance maps from Roberts et al. (2016; 2015; 2017) 
Figure 5).  The 13 km (8 mile) buffer defines the maximum area around the WDA with the potential to 
result in behavioral disturbance for the 10.3 m (33.8 ft) monopile installation using Wood et al. (2012) 
thresholds (Table 13).  This buffer encompasses and extends well beyond the range of behavioral 
disturbance for all hearing groups using the NOAA (2005) unweighted thresholds.   

The mean density for each month was calculated using the mean of all 10 x 10 km (6.2 x 6.2 mile) grid 
cells partially or fully within the buffer zone polygon.  Mean values from the density maps were converted 
from units of abundance (animals/100km2 [38.6 miles2]) to units of density (animals/km2).  Densities were 
computed for months May-December to coincide with planned pile driving activities.  In cases where 
monthly densities were unavailable, annual (pilot whales) and seasonal (pinnipeds) mean densities were 
used instead.  Table 6 shows the monthly marine mammal density estimates for each species evaluated 
in the acoustic analysis. 
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Figure 5. Density map showing Roberts et al. (2016) grid cells.  Highlighted cells indicate those used to 
calculate mean monthly species estimates in the vicinity of the Project. 
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Table 6. Mean monthly Atlantic marine mammal density estimates for the Offshore Project Area (Roberts et al., 2016). 

Species of interest Monthly densities (animals/100 km2 [38.6 miles2])‡ Annual May to Dec 
Common name Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean Mean 
Fin whale* 0.219 0.164 0.150 0.219 0.311 0.299 0.294 0.277 0.202 0.175 0.220 0.281 0.234 0.257 
Humpback whale 0.106 0.102 0.158 0.072 0.111 0.120 0.099 0.120 0.167 0.157 0.163 0.099 0.123 0.130 
Minke whale 0.036 0.041 0.044 0.071 0.101 0.115 0.108 0.071 0.041 0.037 0.038 0.037 0.062 0.069 
North Atlantic right whale* 0.205 0.309 0.543 0.582 0.287 0.308 0.002 0.002 0.006 0.001 0.001 0.267 0.209 0.109 
Sei whale* 0.010 0.010 0.011 0.029 0.048 0.022 0.005 0.001 0.001 <0.001 <0.001 0.009 0.012 0.011 
Atlantic white sided dolphin 2.158 0.815 0.727 1.752 3.716 3.243 2.144 1.715 2.342 2.828 3.715 4.060 2.435 2.970 
Bottlenose dolphin 0.479 0.227 0.109 0.302 1.555 3.601 3.071 3.233 4.697 2.907 2.232 0.779 1.933 2.759 
Pilot whales† 0.389 0.389 0.389 0.389 0.389 0.389 0.389 0.389 0.389 0.389 0.389 0.389 0.389 0.389 
Risso’s dolphin 0.001 0.001 0.001 0.001 0.001 0.003 0.005 0.006 0.005 0.004 0.002 0.002 0.003 0.004 
Short beaked dolphin 1.531 0.646 0.678 1.510 4.809 5.862 3.525 3.536 3.699 4.751 5.372 3.995 3.326 4.444 
Sperm whale* 0.006 0.006 0.007 0.009 0.009 0.010 0.009 0.007 0.004 0.005 0.006 0.005 0.007 0.007 
Harbor porpoise 10.876 6.992 5.582 10.738 6.844 2.996 0.608 0.293 0.726 2.453 0.841 6.247 4.600 2.626 
Gray seal 4.395 4.395 4.395 4.395 4.395 1.040 1.040 1.040 4.395 4.395 4.395 4.395 3.556 3.137 
Harbor seal 4.395 4.395 4.395 4.395 4.395 1.040 1.040 1.040 4.395 4.395 4.395 4.395 3.556 3.137 
Harp seal 4.395 4.395 4.395 4.395 4.395 1.040 1.040 1.040 4.395 4.395 4.395 4.395 3.556 3.137 
* Endangered listing 
† Long- and Short-finned Pilot Whales are grouped together to estimate the total density of both uncommon species 
‡ Roberts et al. (2015) reports densities for all seal species as a single value for two periods (June to August and September to May) 
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4.3. Acoustic Criteria – Injury and Behavioral Disruption 
The Marine Mammal Protection Act (MMPA) (16 U.S.C. 1362) prohibits the take of marine mammals.  
MMPA defines the term “take” as: to harass, hunt, capture, or kill, or attempt to harass, hunt, capture, or 
kill any marine mammal. MMPA Regulations define harassment in two categories relevant to pile driving 
operations. These are: 

• Level A: any act of pursuit, torment, or annoyance which has the potential to injure a marine mammal 
or marine mammal stock in the wild, and 

• Level B: any act of pursuit, torment or annoyance which has the potential to disturb a marine mammal 
or marine mammal stock in the wild by causing a disruption of behavioral patterns, including, but not 
limited to, migration, breathing, nursing, breeding, feeding, or sheltering but which does not have the 
potential to injure a marine mammal or marine mammal stock in the wild.  

To assess the potential impacts of the Project-associated pile driving noise, it is necessary to first 
establish acoustic exposure criteria for which takes could result.  In 2016, the NMFS issued a Technical 
Guidance document that provides acoustic thresholds for onset of permanent threshold shift (PTS) in 
marine mammal hearing for most sound sources, that was then updated in 2018 (NMFS 2016, 2018).  
The NMFS also provided guidance on the use of weighting functions when applying injury criteria.  The 
NMFS Guidance recommends the use of a dual criterion for assessing injurious exposures, including a 
peak (unweighted/flat) sound level metric (PK) and a cumulative sound exposure level (SEL) metric with 
frequency weighting.  Both acoustic criteria and weighting function application are divided into functional 
hearing groups (low-, mid-, and high-frequency) that species are assigned to, based on their respective 
hearing ranges.  

The publication of ISO 18405 Underwater Acoustics – Terminology (ISO 2017) provided a dictionary of 
underwater bioacoustics (previous standards (ANSI S1.1-2013, R2013).  In the remainder of this report, 
we follow the definitions and conventions of ISO (2017) except where stated otherwise.  

Table 7. Summary of relevant acoustic terminology used by US regulators and in this report. 

Metric NOAA (NMFS, 2018) 
This report (ISO, 2017) 

Main text/Tables Equations 
Sound pressure level n/a SPL Lp 
Peak pressure level PK PK Lpk 
Cumulative sound exposure level SELcum SEL LE 

 

The SELcum metric as used by the NMFS describes the sound energy received by a receptor over a 
period of 24 hours.  Accordingly, following the ISO standard, this will be denoted as SEL in this report, 
with the exception of tables and equations where LE will be used alongside SEL to account for its use in 
mathematical equations. 
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4.3.1. Marine mammal hearing groups 
Current data and predictions show that marine mammal species differ in their hearing capabilities, in 
absolute hearing sensitivity as well as frequency band of hearing (Au & Hastings, 2008; Richardson, 
Greene, Malme, & Thomson, 1995; Southall et al., 2007; Wartzok & Ketten, 1999).  While hearing 
measurements are available for a small number of species based on captive animal studies, direct 
measurements of many odontocetes and all mysticetes do not exist.  As a result, hearing ranges for many 
odontocetes are grouped with similar species, and predictions for mysticetes are based on other methods 
including: anatomical studies and modeling (Cranford & Krysl, 2015; Houser et al., 2001; Parks, Clark, & 
Tyack, 2007; Tubelli, Zosuls, Ketten, & Mountain, 2012), vocalizations (Au & Hastings, 2008; see reviews 
in Richardson et al., 1995; Wartzok & Ketten, 1999), taxonomy, and behavioral responses to sound 
(Dahlheim & Ljungblad, 1990; see review in Reichmuth, Mulsow, Finneran, Houser, & Supin, 2007) In 
2007, Southall et al. proposed that marine mammals be divided into hearing groups.  This division was 
updated in 2016 and 2018 by the NMFS using more recent best available science (Table 8).  

Table 8. Marine mammal hearing groups (NMFS 2018; Sills, Southall, & Reichmuth, 2014). 

Hearing group Generalized hearing range* 

Low-frequency (LF) cetaceans: (mysticetes or baleen whales) 7 Hz to 35 kHz 
Mid-frequency (MF) cetaceans: (odontocetes: delphinids, beaked whales) 150 Hz to 160 kHz 
High-frequency (HF) cetaceans: (other odontocetes) 275 Hz to 160 kHz 
Phocid pinnipeds in water (PPW)** 50 Hz to 39 kHz 
Phocid pinnipeds in air (PPA)** 50 Hz to 36 kHz 

*The generalized hearing range for all species within a group. Individual hearing will vary. 
**Based on the distance from shore (23 km [14 miles] offshore of Martha’s Vineyard and Nantucket), sound will not reach NOAA thresholds for 
behavioral disturbance of pinnipeds in air (90 dB root mean square [rms] re 20 µPa for Harbor Seals and 100 dB [rms] re 20 µPa for all other 
seal species) at land-based sites where pinnipeds may spend time out of the water. They are not considered further in this study. 

4.3.2. Marine mammal auditory weighting functions 
The potential for anthropogenic sounds to impact marine mammals is largely dependent on whether the 
sound occurs at frequencies that an animal can hear well, unless the sound pressure level is so high that 
it can cause physical tissue damage regardless of frequency.  Auditory (frequency) weighting functions 
reflect an animal’s ability to hear a sound (Nedwell & Turnpenny, 1998; Nedwell et al., 2007).  Auditory 
weighting functions have been proposed for marine mammals, specifically associated with PTS 
thresholds expressed in metrics that consider what is known about marine mammal hearing (e.g., SEL 
(LE)) (Erbe, McCauley, & Gavrilov, 2016; Finneran, 2016; Southall et al., 2007).  Marine mammal auditory 
weighting functions published by Finneran (2016) are included in the NMFS (2018) Technical Guidance 
for use in conjunction with corresponding PTS (injury) onset acoustic criteria (Table 9).  

The application of marine mammal auditory weighting functions emphasizes the importance of making 
measurements and characterizing sound sources in terms of their overlap with biologically-important 
frequencies (e.g., frequencies used for environmental awareness, communication or the detection of 
predators or prey), and not only the frequencies of interest or concern for the completion of the sound-
producing activity (i.e., context of sound source; NMFS 2018). 
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4.3.3. Injury exposure criteria 
Injury to the hearing apparatus of a marine mammal may result from a fatiguing stimulus measured in 
terms of SEL which considers the sound level and duration of the exposure signal.  Intense sounds may 
also damage the hearing apparatus independent of duration so an additional metric of peak pressure 
(PK) is needed to assess acoustic exposure injury risk.  PTS is considered injurious but there are no 
published data on the sound levels that cause PTS in marine mammals.  There are data that indicate the 
received sound levels at which temporary threshold shift (TTS) occurs, so PTS onset is typically 
extrapolated from TTS onset level and an assumed growth function (Southall et al., 2007).  The NMFS 
(2018) criteria incorporate the best available science to estimate PTS onset in marine mammals from 
sound energy accumulated over 24 hours (SEL), or very loud, instantaneous peak sound pressure levels.  
These dual threshold criteria of SEL and PK are used to calculate marine mammal exposures (Table 9). 

Table 9. Summary of relevant PTS onset acoustic thresholds (NMFS 2018). 

Hearing group 
PTS onset thresholds*  

(received level) 

Impulsive Non-impulsive 

Low-frequency (LF) cetaceans Lpk, flat: 219 dB  
LE, LF, 24h: 183 dB LE, LF, 24h: 199 dB 

Mid-frequency (MF) cetaceans Lpk, flat: 230 dB  
LE, MF, 24h: 185 dB LE, MF, 24h: 198 dB 

High-frequency (HF) cetaceans Lpk, flat: 202 dB  
LE, HF, 24h: 155 dB LE, HF, 24h: 173 dB 

Phocid pinnipeds in water (PW) Lpk, flat: 218 dB  
LE, PW, 24h: 185 dB LE, PW, 24h: 201 dB 

* Dual metric acoustic thresholds for impulsive sounds: Use whichever results in the largest isopleth for calculating PTS onset. If a non-
impulsive sound has the potential of exceeding the peak sound pressure level thresholds associated with impulsive sounds, these thresholds 
should also be considered.  
Lpk, flat–peak sound pressure is flat weighted or unweighted and has a reference value of 1 µPa 
LE - denotes cumulative sound exposure over a 24-hour period and has a reference value of 1 µPa2s 
The subscript associated with cumulative sound exposure level thresholds indicates the designated marine mammal auditory weighting. 

4.3.4. Behavioral disruption exposure criteria 
Numerous studies on marine mammal behavioral responses to sound exposure have not resulted in 
consensus in the scientific community regarding the appropriate metric for assessing behavioral 
reactions.  However, it is recognized that the context in which the sound is received affects the nature and 
extent of responses to a stimulus (Ellison & Frankel, 2012; Southall et al., 2007).  Because of the 
complexity and variability of marine mammal behavioral responses to acoustic exposure, the NMFS has 
not yet released technical guidance on behavior thresholds for use in calculating animal exposures 
(NMFS 2018).  The NMFS currently uses a step function to assess behavioral impact (NOAA, 2005).  A 
50% probability of inducing behavioral responses at a SPL of 160 dB re 1 µPa was derived from the 
HESS (1999) report which, in turn, was based on the responses of migrating mysticete whales to airgun 
sounds (Malme, Miles, Clark, Tyack, & Bird, 1984; Malme, Miles, Clark, Tyak, & Bird, 1983).  The HESS 
team recognized that behavioral responses to sound may occur at lower levels, but significant responses 
were only likely to occur above a SPL of 140 dB re 1 µPa.  An extensive review of behavioral responses 
to sound was undertaken by Southall et al. (2007, their Appendix B).  Southall et al. (2007) found varying 
responses for most marine mammals between a SPL of 140 and 180 dB re 1 µPa, consistent with the 
HESS (1999) report, but lack of convergence in the data prevented them from suggesting explicit step 
functions.  
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In 2012, Wood et al. proposed a graded probability of response for impulsive sounds using a frequency 
weighted SPL metric.  Wood et al. (2012) also designated behavioral response categories for sensitive 
species (including harbor porpoise and beaked whales) and for migrating mysticetes.  For this analysis, 
both the unweighted NOAA (2005), and the frequency-weighted Wood et al. (2012) criteria are used to 
estimate behavioral response to impulsive pile-driving sounds (Table 10).  

Table 10. Behavioral exposure criteria used in this analysis.  Probability of behavioral response 
frequency-weighted sound pressure level (SPL dB re 1 µPa).  Probabilities are not additive.  
Adapted from Wood et al. (2012).  

Marine mammal group  
Probability of response to frequency-weighted SPL  

(dB re 1 µPa) 

120 140 160 180 

Beaked whales and harbor porpoises 50% 90%   

Migrating mysticete whales 10% 50% 90%  

All other species  10% 50% 90% 
 

4.4. Predicted Sound Fields 
The sound a source produces is characterized in time, spectral content, and space. As the sound travels 
away from the source, it is also shaped by interactions with the environment in which it propagates (see 
Appendix A).  For this reason, the sound field produced by a source is specific to the source and the 
location.  Understanding the potential for sound exposure to impact animals requires an understanding of 
the sound field to which they could be exposed.  Sound fields produced during pile driving were modeled 
by first characterizing the sound signal produced during pile driving using the industry-standard 
GRLWEAP (wave equation analysis of pile driving) model and JASCO’s Pile Driving Source Model 
(PDSM).  The source signal was then propagated along radial planes using JASCO’s parabolic equation 
models MONM and FWRAM, and radial planes assembled in to three-dimensional sound fields (see 
Appendix A).  These three-dimensional, per-strike sound fields were then used with animal movement 
modeling (see below) to obtain estimates of animal exposure probability.  

Two sites were selected to provide representative propagation and sound fields for the Offshore Project 
Area (Figure 1).  Source locations were selected to span the region from shallow to deep water and 
varying distances to dominant bathymetric features (i.e., slope and shelf break).  Water depth and 
environmental characteristics (e.g., bottom-type) are similar throughout the WDA (Vineyard Wind, 2016), 
and therefore minimal difference was found in sound propagation results for the two sites (Appendix A). 
Because of this similarity in results, and for summary purposes, the tables in the main body of the report 
include the mean maximum values of the two sites.  Detailed results are included in Appendix A.  

Table 11. Sites used in propagation modeling. 

Site 
Location (UTM Zone 19N) 

Water depth (m)* Sound source Source type 
Easting Northing 

P1 382452 4548026 38 (124.7 ft) 
Monopile, Jacketed pile Impulsive 

P2 365240 4542200 46 (151 ft) 
*vertical datum for water depth is Earth Gravitational Model 1996 (EGM96) 
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4.4.1. Distances to exposure thresholds 
Though not used for exposure estimates, ranges to exposure criteria thresholds are often reported.  For 
each sound level threshold, two statistical estimates are calculated: the maximum range (Rmax), and the 
95% range (R95%).  The Rmax is simply the distance to the farthest occurrence of the threshold level, at any 
depth.  The R95% for a given sound level is the radius of a circle, centered on the source, encompassing 
95% of the sound at levels above threshold.  Use of R95% reduces the sensitivity to extreme outlying 
values (the farthest 5% of ranges) so is helpful in estimating ranges used for monitoring and mitigation 
purposes (detailed description in Appendix A). 

4.4.1.1. Injury criteria radii 

Table 12 lists the radial distances to sound exposure (SEL) and peak levels (PK) using the NMFS (2018) 
frequency weighting for marine mammals.  For PK, the greatest distances expected are shown, typically 
occurring at the highest hammer energies.  The distances to SEL are calculated using the hammer 
energy schedules for driving one monopile or four jacket piles (Appendix A).  The summary table includes 
the mean maximum distance from two modeling sites. Results for each of these sites are provided in 
Appendix A.   

Table 12. Radii distances (R95% in meters) to injury thresholds (NMFS 2018) at two modeling sites for 
marine mammal functional hearing groups estimated for each scenario foundation type.  The largest 
mean maximum radii of two modeling sites is shown with 0, 6, and 12 dB sound attenuation.

Foundation type Hearing group 
Level A (Lpk) Level A (LE,24hr) 

No 
attenuation 6 dB 12 dB No 

attenuation 6 dB 12 dB 

10.3 m (33.8 ft) 
monopile 

LFC 34 17 8.5 5,443 3,191 1,599 
MFC 10 5 2.5 56 43 0 
HFC 235 119 49 101 71 71 
PPW 38 19 10 450 153 71 

Four, 3 m (9.8 ft) jacket 
piles 

LFC 7.5 4 2.5 12,975 7,253 3,796 
MFC 2.5 1 0.5 71 71 56 
HFC 51 26 13.5 1,389 564 121 
PPW 9 5 2.5 2,423 977 269 
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4.4.1.2. Behavioral criteria radii 

The NOAA (2005) behavioral threshold for all hearing groups is an unweighted 160 dB SPL.  For 
comparison, Wood et al. (2012) uses Southall et al. (2007) auditory weighting with a probability of 
response step function (Table 10) applied to SPL.  Maximum distances are shown as obtained using the 
hammer energy schedule to drive one monopile and one jacket pile – i.e., the most conservative hammer 
size and energy combination is presented in the summary table (Table 13) for both criteria.  The mean 
maximum with probability of response ranges are presented for Wood et al. (2012).  Various levels of 
attenuation ranging from 6–12 dB were modeled for the Project (Appendix A).  Table 13 includes no 
attenuation and sound reductions of 6 dB and 12 dB. 

Table 13. Radii distances (R95% in meters) to sound pressure level behavioral thresholds for marine 
mammals based on NOAA (2005) and Wood et al. (2012). Ranges are calculated using the average 
maximum hammer energy at two modeling sites for marine mammal functional hearing groups estimated 
for each scenario foundation type with 0, 6 dB and 12 dB sound reduction. 

Foundation type Hearing 
group 

Level B unweighted  
(NOAA, 2005) 

Level B frequency-weighted mean 50%  
probability of response (Wood et al., 2012) 

No 
attenuation 6 dB 12 dB No 

attenuation 6 dB 12 dB 

10.3 m (33.8 ft) 
monopile 

LFC* 

6,316 4,121 2,739 

6,183 4,007 2,681 
MFC 1,747 821 289 

HFC** 38,333 22,140 13,245 
PW 3,012 2,046 1,120 

Four, 3 m (9.8 ft) jacket 
piles 

LFC* 

4,104 3,220 2,177 

4,498 3,302 2,092 
MFC 2,695 1,406 539 

HFC** 55,800 34,918 21,760 
PW 3,480 2,400 1,187 

* The mysticetes found in the WDA during planned operations are likely foraging even if they are migrating (e.g., Leiter et al., 2017). The 
migrating mysticete category in Wood et al. (2012) was not used to select ranges included in the table. 
** The high frequency species known to occupy habitat in the WDA is the harbor porpoise. This species is highly sensitive to underwater 
anthropogenic sound. Wood et al. (2012) applies a lower threshold criterion for this species to account for this sensitivity. 

4.5. Animal Movement and Exposure Modeling 
The JASCO Animal Simulation Model Including Noise Exposure (JASMINE) was used to predict the 
probability of exposure of animals to sound arising from the Project’s pile driving operations.  Sound 
exposure models like JASMINE use simulated animals (animats) to sample the predicted 3D sound fields 
with movement rules derived from animal observations (Appendix B).  The output of the simulation is the 
exposure history for each animat within the simulation.  As shown in Figure 6, sound fields are inputted 
into JASMINE and animats are programmed to behave like the marine animals that may be present in the 
Offshore Project Area.  The parameters used for forecasting realistic behaviors (e.g., diving, foraging, 
aversion, surface times, etc.) are determined and interpreted from marine species studies (e.g., tagging 
studies) where available, or reasonably extrapolated from related species (Appendix B).  An individual 
animat’s sound exposure levels are summed over a specified duration, such as 24 hours, to determine its 
total received energy, and then compared to the threshold criteria described in Sections 4.3.3 and 4.3.4.  
Appendix B details the piling schedule used in the JASMINE simulations.  
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Figure 6. Cartoon of animats in a moving sound field.  Example animat (red) shown moving with each 
time step.  The acoustic exposure of each animat is determined by where it is in the sound field, and its 
exposure history is accumulated as the simulation steps through time.   

4.5.1. Exposure estimates 
With the inclusion of more jacket foundations, and therefore more pile driving in the WDA, exposure 
estimates for the Maximum Design scenario (Tables 14 and 15) are higher than the Most Likely scenario 
(Tables 16 and 17).  In all scenarios, the maximum number of jacket foundations modeled per day was 
one (four jacket piles).  Whether one or two monopile foundations are installed per day makes little 
difference to the projected injurious exposures (Table 14 versus Table 15, and Table 16 versus Table 17).  
Over the course of the Project, the same total amount of pile driving is conducted whether one monopile 
or two is installed per day, so the finding that injurious exposures are similar indicates that animals are 
primarily impacted by the total amount of piling to which they are exposed.  For behavioral disruptions, 
exposure estimates for one monopile foundation per day are somewhat higher than for two monopiles 
foundations per day (Table 14 versus Table 15, and Table 16 versus Table 17).  This is because the 
ensonified volume that may result in behavioral disruption is larger than the volume that may result in 
injury.  Because behavioral disruption is assessed on the maximum single exposure, a behavioral 
disruption may be registered in response to both piles driven in a day but the animat is only counted 
once.  With two monopile foundations per day there are half as many days of pile driving so there is 
likewise a reduced number of predicted behavioral response exposures.  The following estimates of 
potential exposures (Table 14–Table 17) to underwater sounds are the result of JASMINE model runs 
without animat aversion. When animats are programmed to avert in the model, exposures are generally 
lower. This effect is illustrated in Table 18.        
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4.5.1.1. Scenario 1 – Maximum Design (90 monopiles, 12 jacket foundations) 

The real-world number of individual cetaceans expected to exceed the exposure criteria (NMFS, 2018; 
NOAA, 2005) for the Project’s pile driving activities (limited to months of May-December) using the 
Maximum Design scenario (summarized in Table 1) with no attenuation, and attenuation levels of 6 dB 
and 12 dB are shown in Table 14 (one pile per day) and Table 15 (two piles per day).  The sound 
reduction target of up to 12 dB is highlighted in the tables.  It is noted that the estimated numbers of 
individuals exceeding thresholds are conservative because the 24 hr evaluation window allows individuals 
to be counted on multiple days, or interpreted as different individuals each 24 hrs.     

Table 14. The number of marine mammals estimated to experience sound levels above-threshold 
exposure criteria for the Project (NMFS 2018) using Maximum Design scenario parameters, one pile per 
day, and 0, 6, and 12 dB attenuation. 

Species 

No attenuation 6 dB 12 dB 

Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Fin whale* 0.29 19.89 58.59 0.12 4.90 39.03 0.02 0.34 25.68 

Humpback whale 0.09 20.03 33.16 0.02 6.63 22.05 0.01 0.73 14.40 

Minke whale 0.10 2.44 15.76 0.03 0.20 10.85 0 0.06 7.02 

North Atlantic right 
whale* 0.08 6.47 20.12 0.03 1.36 13.25 0 0.09 8.74 

Sei whale* 0.02 0.88 2.52 0 0.21 1.68 0 0.02 1.15 
Atlantic white sided 

 
0 0 728.87 0 0 464.19 0 0 287.05 

Bottlenose dolphin 0.31 0 146.69 0 0 88.71 0 0 57.35 

Pilot whales 0 0 0 0 0 0 0 0 0 

Risso’s dolphin 0 0 0.89 0 0 0.58 0 0 0.37 

Short beaked dolphin 0.96 0 972.37 0.06 0 640.36 0.06 0 424.70 

Sperm whale* 0 0 0 0 0 0 0 0 0 

Harbor porpoise 12.84 0.39 343.47 6.14 0.25 217.83 2.24 0 133.43 

Gray seal 0.53 0.58 248.54 0.11 0.29 156.23 0.04 0.07 94.28 

Harbor seal 0.67 0.72 269.27 0.28 0.20 170.63 0.25 0.07 108.91 

Harp seal 1.20 1.89 276.33 0.57 0.71 173.35 0 0.04 106.50 
* Endangered species 
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Table 15. The number of marine mammals estimated to experience sound levels above-threshold 
exposure criteria for the Project (NMFS 2018) using Maximum Design scenario parameters, two piles per 
day, and 0, 6, and 12 dB attenuation. 

Species 

No attenuation 6 dB 12 dB 

Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Fin whale* 0.34 21.42 49.00 0.12 5.32 35.04 0 0.49 24.26 

Humpback whale 0.11 20.33 28.50 0.02 7.05 19.96 0 0.80 13.54 

Minke whale 0.08 2.57 14.27 0.02 0.21 10.25 0 0.05 6.89 

North Atlantic right whale* 0.07 6.54 16.45 0.02 1.39 11.75 0.01 0.10 7.96 

Sei whale* 0.01 0.89 2.04 0 0.21 1.44 0 0.02 1.00 

Atlantic white sided dolphin 0.26 0 653.02 0.13 0 442.69 0 0 281.77 

Bottlenose dolphin 0.15 0 95.31 0 0 62.48 0 0 40.47 

Pilot whales 0 0 0 0 0 0 0 0 0 

Risso’s dolphin 0 0 0.70 0 0 0.49 0 0 0.34 

Short beaked dolphin 0.54 0 760.27 0.27 0 540.25 0.06 0 374.64 

Sperm whale* 0 0 0 0 0 0 0 0 0 

Harbor porpoise 11.95 0.48 265.66 6.14 0.25 181.70 2.68 0.09 119.39 

Gray seal 1.07 0.99 167.83 0.24 0.43 116.96 0.04 0.21 77.68 

Harbor seal 1.92 1.35 188.87 0.78 0.70 132.62 0.13 0.32 88.90 

Harp seal 1.07 2.29 191.19 0.30 0.44 130.92 0.13 0.04 87.53 
* Endangered species 
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4.5.1.2. Scenario 2 – Most Likely (100 monopiles, two jacket foundations) 

The real-world number of individual cetaceans expected to exceed the exposure criteria (NMFS, 2018; 
NOAA, 2005) for the Project’s pile driving activities (limited to months of May-December) using the Most 
Likely scenario (summarized in Table 1) with no attenuation, and attenuation levels of 6 dB and 12 dB are 
shown in Table 16 (one pile per day) and Table 17 (two piles per day).  The sound reduction target of up 
to 12 dB is highlighted in the tables.  Again, it is noted that the estimated numbers of individuals 
exceeding thresholds are conservative because the 24 hr evaluation window allows individuals to be 
counted on multiple days, or that there are new individuals each 24 hrs  

Table 16. The number of marine mammals estimated to experience sound levels above-threshold 
exposure criteria for the Project (NMFS 2018) using Most Likely scenario parameters,  
one pile per day, and 0, 6, and 12 dB attenuation.  

Species 

No attenuation 6 dB 12 dB 

Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Fin whale* 0.30 13.83 54.65 0.13 3.31 34.91 0.03 0.26 22.72 

Humpback whale 0.09 14.81 30.23 0.03 4.78 19.22 0.01 0.61 12.50 

Minke whale 0.11 1.63 14.10 0.04 0.13 9.44 0 0.06 6.21 

North Atlantic right whale* 0.07 3.74 17.37 0.04 0.72 10.82 0 0.04 7.09 

Sei whale* 0.01 0.60 2.26 0 0.14 1.44 0 0.02 0.98 

Atlantic white sided dolphin 0 0 644.45 0 0 388.72 0 0 241.73 

Bottlenose dolphin 0.34 0 152.00 0 0 90.73 0 0 59.11 

Pilot whales 0 0 0 0 0 0 0 0 0 

Risso’s dolphin 0 0 0.86 0 0 0.54 0 0 0.34 

Short beaked dolphin 0.96 0 917.58 0.01 0 583.60 0.01 0 382.55 

Sperm whale* 0 0 0 0 0 0 0 0 0 

Harbor porpoise 11.23 0.20 307.44 5.33 0.19 186.30 1.91 0 111.55 

Gray seal 0.31 0.04 239.36 0.01 0.02 145.18 0 0 85.92 

Harbor seal 0.56 0.30 256.08 0.28 0.01 156.87 0.27 0 99.09 

Harp seal 1.17 0.67 263.02 0.59 0.59 159.01 0 0 95.45 
* Endangered species 
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Table 17. The number of marine mammals estimated to experience sound levels above-threshold 
exposure criteria for the Project (NMFS 2018) using Most Likely scenario parameters,  
two piles per day, and 0, 6, and 12 dB attenuation. 

Species 

No attenuation 6 dB 12 dB 

Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Fin whale* 0.35 15.53 44.00 0.13 3.78 30.48 0 0.42 21.14 

Humpback whale 0.11 15.14 25.03 0.03 5.25 16.89 0 0.68 11.54 

Minke whale 0.08 1.77 12.45 0.03 0.14 8.77 0 0.04 6.07 

North Atlantic right whale* 0.06 3.82 13.42 0.02 0.76 9.21 0.01 0.06 6.25 

Sei whale* 0.01 0.61 1.75 0 0.13 1.19 0 0.01 0.83 

Atlantic white sided dolphin 0.29 0 560.43 0.14 0 364.90 0 0 235.88 

Bottlenose dolphin 0.17 0 94.34 0 0 61.31 0 0 40.18 

Pilot whales 0 0 0 0 0 0 0 0 0 

Risso’s dolphin 0 0 0.65 0 0 0.45 0 0 0.31 

Short beaked dolphin 0.49 0 681.82 0.24 0 472.32 0.01 0 326.91 

Sperm whale* 0 0 0 0 0 0 0 0 0 

Harbor porpoise 10.28 0.29 225.25 5.33 0.19 148.14 2.38 0.09 96.72 

Gray seal 0.91 0.48 150.67 0.16 0.17 102.03 0 0.15 67.68 

Harbor seal 1.93 0.99 167.74 0.83 0.56 115.10 0.14 0.28 77.11 

Harp seal 1.03 1.11 169.48 0.29 0.30 112.38 0.15 0 74.62 
* Endangered species 

4.5.2. Aversion 
The exposure estimates tables included above (Tables 14–17) do not account for aversion or mitigation 
beyond attenuation (e.g., pile driving shut-down or power down).  Aversion is a common response of 
marine mammals to sound, particularly at relatively high sound exposure levels (Ellison et al., 2012).  As 
received sound level generally decreases with distance from a source, this aspect of natural behavior can 
strongly influence the estimated maximum sound levels an animal is predicted to receive and significantly 
affects the probability of more pronounced direct or subsequent behavioral effects.  Additionally, animals 
are less likely to respond to sound levels distant from a source, even when those levels elicit response at 
closer ranges; both proximity and received levels are important factors in aversion response (Dunlop et 
al., 2017).  Some marine mammals are well known for their aversion from anthropogenic sound (e.g., 
Harbor Porpoise), although it is assumed that most species will avert from noise.  For this modeling study, 
aversion parameters to sound level were implemented for Harbor Porpoise and NARW, in recognition of 
their critically endangered status..   

The Wood et al. (2012) step function includes a probability of response that is based primarily on 
observed aversive behavior in field studies.  Additional exposure estimates that included aversion in the 
animal movement model, based on the Wood et al. (2012) response probability, were calculated for both 
the Harbor Porpoise and the NARW for all modeling scenarios contemplated in this study.  The most 
conservative exposure results are associated with the unattenuated Maximum Design scenario, installing 
two piles per day.  For comparative purposes, the results are shown with and without aversion (Table 18).  
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Conducting example aversion runs such as these, further illustrates the potential range of exposures that 
may result during the Project.  Details of the aversion approach used in JASMINE are provided in 
Appendix B.   

Table 18. Comparison of exposure estimates (NMFS, 2018; NOAA, 2005) for Harbor Porpoise and 
NARW when aversion is included in animal movement models relative to models without aversion. 

Species 

No attenuation – no aversion No attenuation – with aversion 

Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Harbor porpoise 12.84 0.39 343.47 0.18 0 15.5 

North Atlantic right whale 0.08 6.47 20.12 0 0.40 8 
 

4.5.3. Population impacts 
As described above, animal movement modeling was used to predict the number of individual animals 
that could receive sound levels above injury exposure thresholds.  Those individual exposure numbers 
must then be assessed in the context of the species’ populations or stocks.   

Defining biologically significant impacts to a population of animals that result from injury or behavioral 
responses estimated from exposure models and acoustic thresholds remains somewhat subjective.  The 
percentage of the stock or population exposed has been commonly used as an indication of the extent of 
potential impact (e.g., NSF, 2011).  In this way, the potential number of exposed animals can be 
interpreted in a population or stock context, which allows for consistency across different population or 
stock sizes.   

Abundance numbers used to calculate the percentage of population estimated to receive threshold levels 
of sound are shown in Table 19.  Both the SAR abundance data (Hayes et al., 2018; Waring et al., 2016) 
and the habitat-based abundance data (Roberts et al., 2016, 2017) are included for comparison 
purposes.  Since the densities used in estimating potential exposures were derived from Roberts et al. 
(2015, 2016, 2017), it is most appropriate to use the abundance estimates from that same source when 
calculating the percent of population or stock potentially exposed.  Thus, Roberts et al. (2016, 2017) 
abundance estimates were used to calculate the percentage of each population or stock potentially 
exposed to injurious or behavioral response levels for the two scenarios (Maximum Design and Most 
Likely), with scenarios that include one monopile foundation driven per day or two monopile foundations 
driven per day in each scenario (Tables 20–23) based on the exposure estimates in Tables 14 and 17 for 
all species except pinnipeds.  SAR abundance data for pinnipeds were used to calculate the percentage 
of population exposed to threshold criteria for these species as abundance estimates were not available 
in Roberts et al. (2015).  The sound reduction target of up to 12 dB is highlighted in the tables.   
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Table 19. Stock abundance estimates for modeled species  The best estimate of abundance, Nbest, is 
shown from Stock Assessment Reports (Hayes et al., 2018; Waring et al., 2016) and from the Duke 
University models (Roberts et al., 2015, 2016, 2017).  

Species 

Nbest 

Hayes et al. (2018); 
Waring et al. (2016) 

Roberts et al. (2015, 
2016, 2017)^ 

Fin whale* 1,618 4,859 
Humpback whale 335 1,773† 
Minke whale 2,591 3,014† 
North Atlantic right 

 
458 394† 

Sei whale* 357 453† 
Atlantic white sided 

 
48,819 37,180 

Bottlenose dolphin 77,532 97,476 
Pilot whales$ 5,636 27,597 
Risso’s dolphin 18,250 7,732 
Short beaked dolphin 70,184 86,098 
Sperm whale* 2,288 4,199 
Harbor porpoise 79,833 60,281† 
Gray seal 27,131 N/A 
Harbor seal 75,834 N/A 
Harp seal 7,400,000‡ N/A 

^ Estimates are for entire Atlantic EEZ 
* Endangered species 
† Maximum over seasonal abundances 
‡ Abundance estimate for western North Atlantic Harp Seals in Canadian waters 
$ It is likely that most of the affected animals from this genus will be Long-finned Pilot Whales.  Hayes, Josephson, Maze-Foley, and Rosel 
(2018) provides stock assessments for each genus and the estimate for Long-finned Pilot Whales are presented here.  Roberts et al. (2016) 

combines Long- and Short-finned Pilot Whales 

Population impacts for injurious exposure, and impacts from behavioral disruption as a percentage of 
abundance are shown in Tables 20–23 for the two scenarios (Maximum Design envelope and Most 
Likely), with scenarios that include one monopile foundation driven per day or two monopile foundations 
driven per day.  The sound reduction target of up to 12 dB is highlighted in the tables.   
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Table 20. Estimated injurious and behavioral threshold acoustic exposures as a percentage of species’ 
abundance for the Maximum Design scenario with one pile per day, and 0, 6, and 12 dB attenuation. 

Species 

Number of Exposures as a Percentage of Abundance 
No attenuation 6 dB 12 dB 

Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Fin whale* 0.01 0.35 1.02 0 0.08 0.68 0 0.01 0.45 

Humpback whale 0.01 1.54 2.56 0 0.51 1.70 0 0.06 1.11 

Minke whale 0 0.09 0.59 0 0.01 0.41 0 0 0.26 

North Atlantic right 
whale* 

0.02 1.64 5.11 0.01 0.35 3.36 0 0.02 2.22 

Sei whale* 0 0.13 0.36 0 0.03 0.24 0 0 0.16 

Atlantic white sided 
 

0 0 1.96 0 0 1.25 0 0 0.77 

Bottlenose dolphin 0 0 0.15 0 0 0.09 0 0 0.06 

Pilot whales 0 0 0.00 0 0 0 0 0 0 

Risso’s dolphin 0 0 0.01 0 0 0.01 0 0 0.00 

Short beaked dolphin 0 0 1.13 0 0 0.74 0 0 0.49 

Sperm whale* 0 0 0.00 0 0 0 0 0 0 

Harbor porpoise 0.01 0 0.39 0.01 0 0.25 0 0 0.15 

Gray seal 0 0 0.92 0 0 0.58 0 0 0.35 

Harbor seal 0 0 0.36 0 0 0.23 0 0 0.14 

Harp seal 0 0 0 0 0 0 0 0 0 
* Endangered species 
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Table 21. Estimated injurious and behavioral threshold acoustic exposures as a percentage of species’ 
abundance for the Maximum Design scenario with two piles per day, and 0, 6, and 12 dB attenuation. 

Species 

Number of Exposures as a Percentage of Abundance 
No attenuation 6 dB 12 dB 

Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Fin whale* 0.01 0.37 0.86 0 0.09 0.61 0 0.01 0.42 

Humpback whale 0.01 1.56 2.19 0 0.54 1.54 0 0.06 1.04 

Minke whale 0 0.10 0.53 0 0.01 0.38 0 0 0.26 

North Atlantic right 
whale* 

0.02 1.66 4.18 0.01 0.35 2.98 0 0.03 2.02 

Sei whale* 0 0.13 0.29 0 0.03 0.21 0 0 0.14 

Atlantic white sided 
 

0 0 1.76 0 0 1.19 0 0 0.76 

Bottlenose dolphin 0 0 0.10 0 0 0.06 0 0 0.04 

Pilot whales 0 0 0.00 0 0 0 0 0 0 

Risso’s dolphin 0 0 0.01 0 0 0.01 0 0 0 

Short beaked dolphin 0 0 0.88 0 0 0.63 0 0 0.44 

Sperm whale* 0 0 0.00 0 0 0 0 0 0 

Harbor porpoise 0.01 0 0.30 0.01 0 0.21 0 0 0.14 

Gray seal 0 0 0.62 0 0 0.43 0 0 0.29 

Harbor seal 0 0 0.25 0 0 0.17 0 0 0.12 

Harp seal 0 0 0 0 0 0 0 0 0 
* Endangered species 
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Table 22. Estimated injurious and behavioral threshold acoustic exposures as a percentage of species’ 
abundance for the Most Likely scenario with one pile per day, and 0, 6, and 12 dB attenuation. 

Species 

Number of Exposures as a Percentage of Abundance 
No attenuation 6 dB 12 dB 

Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Fin whale* 0.01 0.24 0.96 0 0.06 0.61 0 0 0.40 

Humpback whale 0.01 1.14 2.33 0 0.37 1.48 0 0.05 0.96 

Minke whale 0 0.06 0.51 0 0 0.34 0 0 0.22 

North Atlantic right 
whale* 

0.02 0.95 4.41 0.01 0.18 2.75 0 0.01 1.80 

Sei whale* 0 0.09 0.33 0 0.02 0.21 0 0 0.14 

Atlantic white sided 
 

0 0 1.73 0 0 1.05 0 0 0.65 

Bottlenose dolphin 0 0 0.16 0 0 0.09 0 0 0.06 

Pilot whales 0 0 0 0 0 0 0 0 0 

Risso’s dolphin 0 0 0.01 0 0 0.01 0 0 0 

Short beaked dolphin 0 0 1.07 0 0 0.68 0 0 0.44 

Sperm whale* 0 0 0 0 0 0 0 0 0 

Harbor porpoise 0.01 0 0.37 0.01 0 0.22 0 0 0.13 

Gray seal 0 0 0.88 0 0 0.54 0 0 0.32 

Harbor seal 0 0 0.34 0 0 0.21 0 0 0.13 

Harp seal 0 0 0 0 0 0 0 0 0 
* Endangered species 
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Table 23. Estimated injurious and behavioral threshold acoustic exposures as a percentage of species’ 
abundance for the Most Likely scenario with two piles per day, and 0, 6, and 12 dB attenuation. 

Species 

Number of Exposures as a Percentage of Abundance 
No attenuation 6 dB 12 dB 

Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Injury  
(Lpk) 

Injury  
(LE) 

Behavior  
max. SPL 

(Lp,24hr) 
Fin whale* 0.01 0.27 0.77 0 0.07 0.54 0 0.01 0.37 

Humpback whale 0.01 1.17 1.93 0 0.40 1.30 0 0.05 0.89 

Minke whale 0 0.06 0.45 0 0 0.32 0 0.00 0.22 

North Atlantic right 
whale* 

0.02 0.97 3.41 0.01 0.19 2.34 0 0.02 1.59 

Sei whale* 0 0.09 0.25 0 0.02 0.17 0 0 0.12 

Atlantic white sided 
 

0 0 1.51 0 0 0.98 0 0 0.63 

Bottlenose dolphin 0 0 0.10 0 0 0.06 0 0 0.04 

Pilot whales 0 0 0 0 0 0 0 0 0 

Risso’s dolphin 0 0 0.01 0 0 0.01 0 0 0 

Short beaked dolphin 0 0 0.79 0 0 0.55 0 0 0.38 

Sperm whale* 0 0 0 0 0 0 0 0 0 

Harbor porpoise 0.01 0 0.27 0.01 0 0.18 0 0 0.12 

Gray seal 0 0 0.56 0 0 0.38 0 0 0.25 

Harbor seal 0 0 0.22 0 0 0.15 0 0 0.10 

Harp seal 0 0 0 0 0 0 0 0 0 
* Endangered species 
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5. Acoustic Impact Assessment – Sea Turtles 
Based on physiology, it is likely that TTS can occur in sea turtles as it does in other vertebrates. However, 
no studies have been conducted on TTS in sea turtles to confirm this hypothesis.  It is also unknown if 
lost or damaged sensory cells in sea turtles can regrow after a loss, as occurs in fish.  Because of their 
rigid external anatomy, it is possible that sea turtles are highly protected from impulsive sound effects 
such as pile driving (Popper et al., 2014).  Data on the behavioral response of sea turtles to acoustic 
exposure have been collected in a small number of research studies.   

A full evaluation of potential stressors to sea turtles is presented in Section 6.8 of Volume III of the COP.  
This section discusses potential acoustic risks posed to sea turtles from the Project and provides 
supplemental research, analysis, and evaluation of the stressors presented in Section 6.8 of Volume III of 
the COP.  Specifically, potential behavioral response to pile driving-related noise is presented. 

5.1. Species that May be Present in the Project Area 
All the sea turtle species that may be present in the WDA are listed as threatened or endangered.  Four 
species of sea turtles may occur in the Offshore Project Area: Loggerhead Turtle (Caretta caretta), 
Kemp’s Ridley Sea Turtle (Lepidochelys kempii), Green Sea Turtle (Chelonia mydas), and Leatherback 
Sea Turtle (Dermochelys coriacea).  Many species of sea turtle prefer coastal waters, however both the 
Loggerhead and Leatherback Turtles are known to occupy deepwater habitats, and are considered 
common during summer and fall in the WDA.  Kemp's Ridleys are thought to be regular visitors during 
those seasons.  Green Sea Turtles are rare in the Offshore Project Area, generally preferring tropical and 
subtropical habitats, and are not considered further. 

5.2. Density Estimates 
There are limited density estimates for sea turtles in the WDA.  For this analysis, sea turtle densities were 
obtained from the US Navy Operating Area Density Estimate (NODE) database on the Strategic 
Environmental Research and Development Program Spatial Decision Support System (SERDP-SDSS) 
portal (DoN, 2007; DoN, 2012).  These numbers were adjusted by the Sea Mammal Research Unit 
(SMRU, 2013), available in the Ocean Biogeographic Information System Spatial Ecological Analysis of 
Megavertebrate Populations (OBIS-SEAMAP) (Halpin et al., 2009).  These data are summarized 
seasonally (winter, spring, summer, and fall) and provided as a range of potential densities per square 
kilometer within each grid square.  Leatherback and Loggerhead Sea Turtles were the most commonly 
observed turtle species during aerial surveys by Kraus et al. (2016) in the MA/RI and MA WEAs, with an 
additional six identified Kemp’s Ridley Turtle sightings over five years. 

In OBIS-SEAMAP, because density is provided as a range, the maximum density will always exceed 
zero, even though turtles are unlikely to be present in winter.  Maximum densities were assumed for all 
seasons. Thus, the winter densities of sea turtles in the WDA was very likely overestimated.  The WDA is 
on the northernmost border of the Mid-Atlantic North region defined in NEFSC & SEFSC (2011c) for sea 
turtle distribution.  Furthermore, as described in the COP, the presence of sea turtles in the WDA will be 
limited mainly to summer and fall months due to seasonal habitat use whereby sea turtles use warmer 
water habitats in the winter months (DoN, 2017; Dodge, Galuardi, Miller, & Lutcavage, 2014; Hawkes, 
Broderick, Coyne, Godfrey, & Godley, 2007).  Sea turtles were most commonly observed in summer and 
fall, absent in winter, and nearly absent in spring during the Kraus et al. (2016)  surveys of the MA/RI and 
MA WEAs.  South of the MA WEA, in the New York Bight, Normandeau and APEM (2016, 2018) 
conducted aerial surveys for sea turtles in 2016 and 2017 using high-resolution photography to aid in 
species identification.  In that region, most of the sea turtles recorded were Loggerhead Sea Turtles by an 
order of magnitude.  Sea turtle densities used in animal movement modeling are listed in Table 24.   
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Table 24. Sea turtle density estimates for the Project area. Density estimates are derived from SERDP-
SDSS NODE database (density estimate from http://seamap.env.duke.edu/serdp).  

Common name 
Density (animals/100 km2 [38.6 miles2]) 

Spring Summer Fall Winter 
Leatherback sea turtle 0.0274 0 0.0274 0.0274 
Loggerhead sea turtle 0.1117 0.1192 0.1111 0.1111 
Kemp’s ridley sea turtle 0.0105 0.0105 0.0105 0.0105 

 

5.3. Acoustic Analysis Methods 
Acoustic analysis for sea turtles uses the same methods outlined for marine mammals in Section 3, with 
the exception of frequency weighting.  Weighting functions do not exist for sea turtles and are therefore 
not used to evaluate potential impacts to fish and sea turtles.  There is also limited guidance for acoustic 
impact evaluation.   

5.4. Acoustic Criteria – Injury and Behavior 

Very little data are available to inform thresholds for impacts to sea turtles from exposure to sound 
generated during pile driving activities. NOAA also has not established formal acoustic thresholds for 
behavioral harassment or injury for sea turtles.  The ANSI-accredited report by Popper et al. (2014) 
follows a similar approach as Southall et al. (2007) in suggesting the dual criteria of peak pressure and 
accumulated sound energy for evaluating potential injury.  Both the BOEM and NMFS have adopted the 
following thresholds based on the literature:  

 Potential mortal injury – 210 dB cumulative sound exposure level (LE), or greater than 207 dB peak 
sound level (Lpk) (Popper et al., 2014). 

 Behavioral harassment – 166 dB re 1 µPa rms (Lp). 

These thresholds were developed based on NMFS criteria for marine mammals of 160 dB rms for Level B 
harassment and 180 dB rms re 1 µPa for Level A harassment (prior to NMFS (2018) guidance discussed 
in Section 6.7 of Volume III of the COP), and refined by the results of McCauley et al. (2000). Popper et 
al. (2014) does not define sound levels that may result in behavioral response, but does indicate a high 
likelihood of response near an impulsive source (tens of meters), moderate response at intermediate 
ranges (hundreds of meters), and low response far from the source (thousands of meters) (Popper et al., 
2014).  Both the NMFS criteria (SPL of 166 and 180 dB re 1 μPa) and the Popper et al. (2014) criteria 
were evaluated in this analysis. 

5.5. Predicted Sound Fields 

The ranges for potential injury and temporary threshold shifts for sea turtles for multiple pile types and 
various scenarios were modeled using the same methods as those used for marine mammals 
(Section 4.4).  Included in the assessment of thresholds for potential injury or mortality and behavioral 
responses of sea turtles were 10.3 m (33.8 ft) monopile foundations and four 3 m (9.8 ft) diameter jacket 
piles (Appendix A).  Table 25 provides a summary of threshold radii estimated for the larger diameter 10.3 
m (33.8 ft) piles, applying various attenuation cases for comparison purposes.  The values are calculated 
using the most conservative hammer energy radii, averaged over both modeling sites. 

http://seamap/
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Table 25. Ranges (R95% in meters) to thresholds for sea turtles (Popper et al., 2014) due to impact 
hammering of a 10.3 m (33.8 ft) pile in 24 hours, using an IHC S-4000 hammer with 0, 6, and 12 dB 
sound attenuation. 

Impact Metric Threshold 
(dB) No attenuation 6 dB 12 dB 

Mortality and Potential Mortal Injury 
LE,24hr 210 1,115 487 153 

Lpk 207 151 67 34 

Behavioral Response Lp 166 4,121 2,944 1,912 

 

5.6. Animal Movement and Exposure Modeling 
The same animal movement modeling and exposure modeling procedures are used for sea turtles as 
were used for marine mammals (Appendix B).  Movement parameters specific to the turtle species are 
shown in Appendix B. 

5.7. Exposure Estimates 

The numbers of sea turtle animat exposures are adjusted for the species’ real-world density provided in 
Table 24.  Real-world density estimates were obtained from the NODE database for the Atlantic region. 
The actual number of adult sea turtles (juvenile estimates are not available) predicted to exceed the 
exposure criteria for both the Maximum Design and Worst Case Likely scenario estimates with and 
without attenuation are shown in Tables 26–29.  

Table 26. Maximum Design, one pile per day real-world expected individual sea turtles above exposure 
with 0, 6, and 12 dB attenuation. Evaluated for the NMFS injury and behavior criteria and Popper et al. 
(2014) injury criteria.  

Sea turtles 

NMFS criteria Popper et al. (2014) criteria 

No Attenuation 6 dB 12 dB No Attenuation 6 dB 12 dB 

Injury 
max. 
SPL 
(Lp) 

Beh.  
max. 
SPL 
(Lp) 

Injury 
max. 
SPL 
(Lp) 

Beh.  
max. 
SPL 
(Lp) 

Injury 
max. 
SPL 
(Lp) 

Beh.  
max. 
SPL 
(Lp) 

Injury  
SEL 
(LE) 

Injury  
PK 

(Lpk) 

Injury  
SEL 
(LE) 

Injury  
PK 

(Lpk) 

Injury  
SEL 
(LE) 

Injury  
PK 

(Lpk) 

Kemp’s 
Ridley* 0.12 0.54 0.03 0.31 0.01 0.16 0.01 0.01 0 0.01 0 0.01 
Leatherback* 0.16 0.64 0.05 0.38 0.01 0.20 0.01 0.02 0 0.02 0 0.01 
Loggerhead 0.66 2.94 0.22 1.72 0.10 0.89 0.07 0.07 0 0.07 0 0.01 

* Endangered species 
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Table 27. Maximum Design, two piles per day real-world expected individual sea turtles above exposure 
with 0, 6, and 12 dB attenuation. Evaluated for the NMFS injury and behavior criteria and Popper et al. 
(2014) injury criteria.  

Sea turtles 

NMFS criteria Popper et al. (2014) criteria 

No Attenuation 6 dB 12 dB No Attenuation 6 dB 12 dB 

Injury 
max. 
SPL 
(Lp) 

Beh.  
max. 
SPL 
(Lp) 

Injury 
max. 
SPL 
(Lp) 

Beh.  
max. 
SPL 
(Lp) 

Injury 
max. 
SPL 
(Lp) 

Beh.  
max. 
SPL 
(Lp) 

Injury  
SEL 
(LE) 

Injury  
PK 

(Lpk) 

Injury  
SEL 
(LE) 

Injury  
PK 

(Lpk) 

Injury  
SEL 
(LE) 

Injury  
PK 

(Lpk) 

Kemp’s 
Ridley* 0.09 0.30 0.03 0.19 0.01 0.11 0.01 0.01 0 0.01 0 0 
Leatherback* 0.13 0.45 0.05 0.29 0.02 0.16 0.01 0.01 0 0.01 0 0 
Loggerhead 0.96 3.34 0.32 2.13 0.11 1.26 0.13 0.09 0.04 0.08 0.01 0.04 

* Endangered species 
 

Table 28. Most Likely design, one pile per day real-world expected individual sea turtles above exposure 
with 0, 6 and 12 dB attenuation. Evaluated for the NMFS injury and behavior criteria and Popper et al. 
(2014) injury criteria.  

Sea turtles 

NMFS criteria Popper et al. (2014) criteria 

No Attenuation 6 dB 12 dB No Attenuation 6 dB 12 dB 

Injury 
max. 
SPL 
(Lp) 

Beh.  
max. 
SPL 
(Lp) 

Injury 
max. 
SPL 
(Lp) 

Beh.  
max. 
SPL 
(Lp) 

Injury 
max. 
SPL 
(Lp) 

Beh.  
max. 
SPL 
(Lp) 

Injury  
SEL 
(LE) 

Injury  
PK 

(Lpk) 

Injury  
SEL 
(LE) 

Injury  
PK 

(Lpk) 

Injury  
SEL 
(LE) 

Injury  
PK 

(Lpk) 

Kemp’s 
Ridley* 0.11 0.53 0.04 0.31 0.01 0.15 0.01 0.01 0 0.01 0 0 
Leatherback* 0.14 0.58 0.05 0.34 0.01 0.18 0.01 0.02 0 0.01 0 0 

Loggerhead 0.60 2.62 0.21 1.50 0.10 0.80 0.07 0.07 0 0.07 0 0 
* Endangered species 



JASCO APPLIED SCIENCES  Appendix III-M: REVISED DRAFT - Supplemental Information 

Version 3.1 36 

Table 29. Most Likely design, two piles per day real-world expected individual sea turtles above exposure 
with 0, 6, and 12 dB attenuation. Evaluated for the NMFS injury and behavior criteria and Popper et al. 
(2014) injury criteria.  

Sea turtles 

NMFS criteria Popper et al. (2014) criteria 

No Attenuation 6 dB 12 dB No Attenuation 6 dB 12 dB 

Injury 
max. 
SPL 
(Lp) 

Beh.  
max. 
SPL 
(Lp) 

Injury 
max. 
SPL 
(Lp) 

Beh.  
max. 
SPL 
(Lp) 

Injury 
max. 
SPL 
(Lp) 

Beh.  
max. 
SPL 
(Lp) 

Injury  
SEL 
(LE) 

Injury  
PK 

(Lpk) 

Injury  
SEL 
(LE) 

Injury  
PK 

(Lpk) 

Injury  
SEL 
(LE) 

Injury  
PK 

(Lpk) 

Kemp’s 
Ridley* 0.09 0.28 0.03 0.18 0.01 0.11 0.01 0.01 0 0.01 0 0 
Leatherback* 0.11 0.38 0.04 0.24 0.01 0.14 0.01 0.01 0 0.01 0 0 

Loggerhead 0.94 3.07 0.33 1.96 0.11 1.21 0.14 0.10 0.04 0.09 0.02 0.04 
* Endangered species 
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6. Model Uncertainty 
All modeled assessment approaches contain an inherent level of uncertainty that is different for each 
model input or parameter.  For some parameters, such as the pile-driving sound source, there is high 
variability but little to no uncertainty.  The dates and location of the Project are fixed within a defined 
spatial area and short temporal range (summer/fall).  Pile types are used as standard practice in wind 
energy projects globally.  The source and propagation models are first-principles models based on an 
understanding of the physics of sound production by the source and propagation of sound through the 
water. These types of models have been extensively tested during their development and use. 
Uncertainty in these models arises from the choice of parameter values, such as uncertainty in the sound 
speed profile and the geoacoustic parameters of the ocean bottom substrate.  

The marine mammal density data used in this assessment is the Duke University Marine Geospatial 
Ecological Laboratory model (Duke model) (Roberts et al., 2016). The Duke model is a habitat-based 
density model that involved integrating 23 years of aerial and shipboard marine mammal surveys and 
linking these data to environmental covariates obtained from remote sensing and ocean models.  The 
most recent survey included in the Duke model was conducted in 2009.  The model uses traditional 
distance-sampling methods to calculate densities.  The Atlantic Ocean is a highly studied region relative 
to other parts of the world, with surveys conducted on a regular basis and in the Offshore Project Area. 
There is a reasonably high confidence in the site-specific visual surveys conducted by BOEM, NOAA, and 
other researchers in this area, with the exception of pinnipeds (Roberts pers. comm.).  Where data are 
extrapolated, uncertainty is moderated to by using the mean values to calculate estimated exposures.  

6.1. Estimated Effects 

The effects of sound exposure on individual animals is not well understood.  Exposure estimates are 
produced in the modeling process and, to predict potential impacts, the exposure estimates must be 
compared to species-specific threshold criteria.  Research ethics precludes exposing protected animals 
like marine mammals and sea turtles to injury so no data are available as a direct assessment of injury 
due to sound exposure.  For this reason, lower-level sound exposures that produce a temporary hearing 
loss have been studied and used as the basis on which permanent hearing loss (injury) thresholds are 
extrapolated.  Individuals vary in their susceptibility to hearing loss and there is uncertainty in the 
extrapolation from temporary hearing loss to permanent hearing loss primarily because the growth 
functions in the extrapolation process necessarily come from terrestrial mammals.  Because of the 
context-dependent nature of behavioral response, there is a great deal of variability in behavior and 
behavioral reactions to sound.  Behavioral studies exist, but usually only represent a few individuals, for a 
short time, and with limited data available regarding the status and context of the animal.  To account for 
this variability, conservative assumptions are used to maximize the number of exposure estimates rather 
than quantifying a limiting variable that would reduce the estimates.  Conservative assumptions limit the 
impact of uncertainty in values like acoustic thresholds and density estimates by overestimating 
exposures.  Conservative assumptions of the modeling include, but are not limited to the following:  

 Cumulative exposure estimates assume an animal is exposed for the maximum possible number of 
strikes and duration of pile driving; however, typical pile-driving activities are not expected to 
achieve the maximum of either of these values. 

 Exposure estimates assume the Maximum Design and Most Likely scenarios, with both scenarios 
including the maximum monopile size of 10.3 m (33.8 ft). It is likely that this maximum diameter pile 
will not be used for all monopiles.  

 Acoustic threshold radii estimates quantified soft-start mitigation, but exposure estimates do not 
quantify animal response to soft-start. 

 Impact of clearance zones was not considered. 

 Exposure estimates do not consider aversion of most species, or short-term displacement that are 
both likely to reduce injurious level exposures over the life of the Project. 
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7. Other Sound Sources 

7.1. Vessel Noise 
Effects from vessel noise are variable and dependent on the species of marine mammal, the marine 
mammal’s location and activity, the novelty of the sound, vessel behavior, habitat, and other factors 
(Ellison, Southall, Clark, & Frankel, 2012).  Vessel noise associated with the Project is likely to be similar 
in frequency characteristics to the existing commercial traffic sound.  The Navigation Risk Assessment 
prepared for Vineyard Wind indicates that construction activities will likely result in an increase from 
normal traffic levels in the area.  NARWs are known to continue to feed in Cape Cod Bay despite 
disturbance from passing vessels (Brown, Marx, & Nichols, 2000), indicating some level of habituation to 
the sound levels of local traffic.  Regardless, Vineyard Wind has committed to several mitigation 
measures that will reduce the potential impact of vessel noise on marine mammals and sea turtles, 
including monitoring for the presence of marine mammals and turtles, the establishment of transit setback 
distances, adherence to vessel strike avoidance measures, monitoring of the sighting advisory system, 
and the slow-down of vessels when animals are observed.  Vessel slowdown reduces sound levels of 
ships and therefore exposure for marine fauna.  These measures are expected to decrease the risk of 
impact to low.   

7.2. Project Operations 

In general, reported sound levels of operational wind turbines is low (Madsen, Wahlberg, Tougaard, 
Lucke, & Tyack, 2006). Operational noise levels measured at the Block Island Wind farm are barely 
detectable at a range of 50 m (164 ft) (J. H. Miller & Potty, 2017).  European studies of operational sound 
levels provide some insight into the expected risk to marine mammals, however, sound behavior is largely 
dependent on site-specific environmental factors. Tougaard and Henrikson (2009) found that sound from 
three different wind turbine types in European waters was only measurable above ambient sound levels 
at frequencies below 500 hertz (Hz).  The total sound pressure level was in the range 109 to 127 dB re 1 
μPa, measured at distances between 14 and 20 m (46 and 65.6 ft)  from the turbines.  For the Offshore 
Project Area, Kraus et al. (2016)  recorded ambient sound in the frequency range of 70.8 to 224 Hz in the 
MA WEA and MA/RI WEA from 2011 to 2015.  Sound levels ranged from 96 dB to 103 dB re 1 μPa 
during 50% of recording time.  Sound pressure levels were 95 dB re 1 μPa or less 40% of the time and 
greater than 104 dB re 1 μPa 10% of the time.  BOEM recordings of operational sound from turbines 
during the Real-time Opportunity for Development Environmental Observations (RODEO) project, indicate 
that expected levels at 50 m (164 ft) from the source are approximately 90 dB re 1µPa rms (SPL) at a 
frequency of ~71 kHz (J. H. Miller & Potty, 2017). 

Studies of Harbor Porpoises, one of the most noise sensitive species, have found porpoises to be present 
all year-round near exploration drilling rig and production platforms in the North Sea (Todd, Lepper, & 
Todd, 2007; Todd, Pearse, Tregenza, Lepper, & Todd, 2009).  This work has also shown that the short-
term activity of porpoises is unaffected by routine oil and gas operations such as drilling, tender-boat 
operations, and cementing and casing (Todd et al., 2009).  Sound levels associated with these activities 
were recorded in the US Beaufort and Chukchi Seas (M. E. Austin, Hannay, & Bröker, 2018).  Recorded 
sound levels of exploration drilling were significantly higher (169–175 dB re 1 μPa) than those recorded 
by Tougaard and Henrikson (2009) at WTGs.  Based on the results from both Tougaard and Henrikson 
(2009) and Kraus et al. (2016), the operational sounds generated by the Project turbines is expected to 
be similar to the ambient sound found within the MA WEA and MA/RI WEA.   

Vineyard Wind has used the best available data to make the determination that operational sound levels 
generated by the Project are expected to be a low risk to marine mammals. 
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8. Non-Acoustic IPFs 
To supplement the analysis provided in the COP, the following non-acoustic IPFs (habitat modification 
and vessel traffic) are further elaborated in this document.  This section provides additional research, 
analysis, and evaluation of the IPFs (stressors) presented in the Section 6.7 of Volume III of the COP.  

8.1. Habitat Modification 
There are few studies that have measured the responses of marine species to habitat modification 
resulting from offshore wind farm construction and operation, and none have yet assessed longer term 
impacts at the population level (Bailey, Brookes, & Thompson, 2014).  Researchers have concluded, from 
the limited studies that do exist, that the most significant negative impacts of offshore wind farm 
construction are likely to occur as a result of avoidance of construction noise or structures rather than 
direct mortality (Bailey et al., 2014).   

In contrast to construction, offshore wind energy projects may benefit fish by acting as artificial reefs, and 
consequently marine mammals by increasing prey availability through fish aggregation and production 
and improving prey species abundance and diversity during long-term operation (Bailey et al., 2014; Inger 
et al., 2009; Lindeboom et al., 2011; Petersen and Malm, 2006; Runyon, 2018; Scheidat et al., 2011; 
Wilhelmsson and Malm, 2008).  Once operational, there are data to suggest that marine mammals may 
be attracted to the Project infrastructure. Russell et al. (2014) conducted a tagging study of Harbor and 
Grey Seals living near two active wind energy project areas on the British and Dutch coasts of the North 
Sea.  The tag data strongly suggested that the associated wind energy structures were used for foraging, 
and the directed movements showed that animals could effectively navigate to and between structures 
(Russel et al., 2014).  Studies of Harbor Porpoise activity within operational wind farms showed that 
relatively more porpoises were found in the wind farm area compared to reference sites, with statistically 
positive linkage to the wind energy project (Todd et al., 2007).  Researchers studying this behavior have 
concluded that the likely explanation for these findings were related to increased food availability and the 
exclusion of fishing activities (Scheidat et al., 2011).  Fujii (2015, 2016) observed that feeding habits of 
major fish species were closely associated with an offshore oil platform in the North Sea.   

Increased prey is not limited to fish aggregation and production.  Lighting on offshore platforms may 
generate sufficient downward illumination to affect the local distribution of phototaxic prey invertebrate 
including zooplankton (Keenan et al., 2007; McConnell et al., 2010). Sea turtles, particularly 
Loggerheads, are commonly observed resting in and around artificial reefs and shipwrecks (Nuttall & 
Wood, 2012; Patterson III, Addis, & Dance, 2009). By hiding under overhanging structures, sea turtles are 
less exposed to the influence of currents and, more importantly, less vulnerable to potential predators.  
Artificial sites, like wind energy infrastructure, may provide important resting and foraging habitat, 
particularly during inter-nesting periods.  Sea turtles may also use artificial structures to remove bio-
fouling from their carapaces (Barnette).  Bergström et al. (2014) summarized probable impacts of wind 
energy project construction and operation on marine mammals, fish, and benthos, and concluded that 
there is a moderate level of certainty of significant positive habitat gain for fish arising from wind energy 
project habitat modification.  Other studies suggest that there are little to no differences in species’ 
presence inside and outside wind farms post-construction and during operation (Tougaard et al., 2009). 

A negative effect of habitat gain could emerge if the infrastructure functions as introduction habitat for 
invasive species (Brodin & Andersson, 2009; Bulleri & Airoldi, 2005; Page et al., 2008;).  The 
opportunistic use of artificial substrata (oil and gas platforms) by non-indigenous coral species in the Gulf 
of Mexico is well-documented, with growing concern related to a spread of these species to the Atlantic 
as marine infrastructure increases (Sammarco et al., 2010).  Over the lifetime of the Project’s operation, 
habitat gain and the resulting increase in biodiversity and prey species may be masked or offset 
somewhat by loss induced by invasive species.  Additionally, more structurally complex habitats that 
might develop in artificial infrastructure are likely to have greater species diversity and abundance,  
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including predatory species that might prey on juvenile sea turtles.  This hypothesis is focused mainly on 
artificial reefs sited near to nesting beaches (Barnette), and therefore is not as applicable for enhanced 
habitat created further offshore in the WDA.   

Where certain vessels and/or vessel-based activities are excluded from portions of the area for periods of 
time, the Project may provide shelter for sea turtles, fish, and marine mammals.  When commercial and 
recreational fisheries are allowed, the introduction of infrastructure in an area frequented by these users 
can pose another risk to these marine fauna, that is the potential for entanglement.  Increased fishing 
activities near Project platforms can result in the accumulation of monofilament and anchor lines on these 
structures, which then present a threat to sea turtles that may utilize the artificial reefs as resting habitat 
(Barnette).  Potential negative impacts, particularly during the relatively limited construction period, are 
likely outweighed by the long-term benefits of habitat gain over the operational lifetime. 

Modeling of sound producing activities during Project construction, including vessel traffic, but particularly 
pile driving installation activities, indicates that there is potential for marine mammals and fish to 
experience sound exposure at levels that may cause behavioral response, including aversion and 
avoidance.  Expected habitat displacement or avoidance of vessels and pile driving activities during WTG 
and ESP installation is based on modeled sound levels and studies of other wind energy projects.  This 
model prediction is consistent with research data that indicates significant avoidance behavior and 
displacement during pile driving (Bailey et al., 2014; Bergström et al., 2014; Brandt, Diederichs, Betke, & 
Nehls, 2011; Brasseur et al., 2010; Carstensen, Henriksen, & Teilmann, 2006; Dähne et al., 2013; 
Richardson et al., 1995; Tougaard & Henrikson, 2009).   

Research suggests that this displacement is temporally limited to the construction phase (Bergström et 
al., 2014).  The proposed Project configuration of WTGs includes a typical grid spacing of 1,400–1,800 m 
(0.87–1.1 miles) between WTGs (with a minimum distance between nearest turbines of 1,200 m 
[0.75 miles]), allowing access and transit through the WDA during construction.  Based on the results of 
other wind energy project monitoring studies, re-occupation of habitat in the Offshore Project Area is 
expected at equivalent or higher levels relative to the region around the Project post-construction and 
during operation. 

8.2. Vessel Traffic 
A Navigational Risk Assessment was conducted for the Project, which determined that construction 
activities would result in an increase from normal operations in the area.  The average number of vessels 
in the WDA during construction is anticipated to be approximately 24, with a maximum of approximately 
46 vessels onsite at any given time (Section 4.2.4 and Table 4.2-1 of Volume I of the COP).  It is 
anticipated that there will be a moderate increase in traffic between the primary staging port and minimal 
to moderate traffic increases between the WDA and secondary staging ports (Appendix III-I of Volume III 
- Navigational Risk Assessment of the COP).  The volume of traffic will vary monthly depending on 
weather and Project activities.  During maximum periods of activity, up to 46 construction vessels would 
be traveling in and out of the staging port while up to three to four vessels would travel to secondary ports 
daily.  Over the course of construction, the Project anticipates an average of 10 daily trips between both 
the primary and secondary ports and the WDA, compared to the current amounts of 25 vessels daily 
(measured per AIS 2011 lease block area).  

Ports used by the Project include the likely primary port of New Bedford, and secondary ports identified in 
Rhode Island, Massachusetts, Connecticut, Canada, and Europe.  Any vessels transiting from Canada 
and Europe would follow the major navigation routes.  International vessel transits are not included in the 
daily count, but the volume of traffic from international ports is well within the realm of normal international 
shipping traffic based on the information gathered for the Navigational Risk Assessment.   

The Navigational Risk Assessment states that coastal vessel traffic around the MA WEA and MA/RI WEA 
is already very high (Appendix III-I of Volume I of the COP).  Within the MA WEA, the WDA experiences 
moderate levels of vessel traffic, with pleasure craft, passenger ferries, high speed craft, and commercial 
fishing vessels comprising this traffic in that order of frequency.  The Offshore Project Area experiences 
increased vessel traffic during the summer months; however, there is no significant disruption of normal 
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traffic patterns anticipated.  Marine mammals in the Offshore Project Area are regularly subjected to 
commercial shipping noise and would potentially be habituated to vessel noise as a result of this 
exposure (BOEM 2014).  This habituation may also apply to sea turtles and fish.  As noise from vessel 
traffic associated with construction is likely to be similar to background vessel traffic noise, additional 
vessel noise risk to marine mammals and sea turtles would be low relative to pile driving noise.     

There are many different classes of vessels proposed for use during the construction of the Project.  The 
speed of these vessels varies from 6 – 30 knots maximum transit speed. Operational speeds are 
generally lower than transit speeds.  The approximate speeds of Project vessels used for construction 
and operations are listed in Table 4.2-1 of Volume I of the COP.  Many of the larger vessels associated 
with the construction of the Project will transit at speeds that are different from the normal vessel traffic 
(i.e., generally slower), and/or may remain “parked” or moored at a location while the Project is 
constructed.   

Several mitigation measures (Table 31) are in place for the project to limit or negate vessel strike 
avoidance and all Project vessels will watch for marine mammals and sea turtles during construction and 
operation activities.  However, data suggest that visual mitigation measures are not 100% effective for 
turtles (McDiarmid, 2012).  Sea turtles spend most of their life below the sea surface, and individuals on 
the sea surface, particularly subadults and juveniles, generally are not demonstrative and may be difficult 
to visually detect, particularly beyond 500 m (1,640 ft) and during periods of elevated seas or low visibility.    

Vineyard Wind will implement monitoring and mitigation measures requiring vessel slow down (Table 31) 
when marine mammals and sea turtles are observed within specified distances, which will minimize the 
risk of vessel strikes.  Reductions in vessel speed have been shown to reduce the risk of collision-related 
mortality for NARWs (Conn & Silber, 2013; Laist, Knowlton, & Pendleton, 2014) and is also inherently 
protective of other marine fauna. 
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9. Project Monitoring and Mitigation Measures 
Mitigation measures implemented during pile driving can decrease potential impacts to marine mammals, 
sea turtles, and fish by reducing the zone of potential impact and therefore the likelihood of injurious and 
behavioral sound interaction.  Vineyard Wind will comply with all applicable monitoring and mitigation 
regulations and any permit conditions placed on the Project by regulatory agencies.  In addition to 
regulatory compliance, Vineyard Wind is voluntarily applying various enhanced monitoring and mitigation 
measures to negate or limit the potential for acoustic and non-acoustic impacts to marine fauna during 
construction and operation of the Project.  A full description of these techniques, potential best 
management practices (BMPs), and mitigation strategies under consideration, such as vessel speed 
restrictions and monitoring zones, are detailed in the mitigation menu in Section 6.7.2.1.3 of Volume III of 
the COP.  This menu is intended to describe mitigation options that can be implemented independently or 
in combination to effectively reduce risks to marine mammals.   

Important factors to consider when selecting mitigation techniques include safety, practical application, 
and effectiveness for the Project. One measure that Vineyard Wind has voluntarily agreed to implement is 
a seasonal restriction on pile driving in order to reduce the sound level exposure of NARWs.  Density data 
from Roberts et al. (2016) and survey data (both visual and acoustic) from Kraus et al. (2016) suggest 
that the highest density of NARWs in the WDA occurs annually during the month of March.  Over 93% of 
the sightings occurred in the months of January through April, with no NARWs observed from May 
through August (Kraus et al., 2016).  The lowest number of acoustic recordings of this species is in 
August, with relatively low detections from June through November.  Based on this information, Vineyard 
Wind has decided to refrain from any pile-driving activities from January through April in an effort to  
reduce impacts from construction-related activities.  

A second key mitigation measure is the use of sound attenuation technology.  Options under 
consideration for the Project include: equipment selection that is optimized for sound reduction 
(Integrated Pile Installer), underwater noise abatement systems (e.g., AdBm encapsulated bubble 
sleeve), and/or bubble curtains.  Various studies have demonstrated that these mitigation measures are 
capable of attenuating sounds by approximately 10 to 23 dB (Michael A. Bellmann, 2014; Christopherson 
& Lundberg, 2013; Reinhall et al., 2015).  Attenuation levels vary by equipment type, frequency band, and 
location.  A California Department of Transportation (CalTrans) study tested several sound reduction 
systems and found that they resulted in 10–15 dB of attenuation in good conditions (Buehler et al., 2015).  
In a study conducted by Dähne et al. (2017), two big bubble curtains were shown to attenuate pile driving 
sounds between 7-10 dB when used independently and up to 12 dB when used concurrently.  Various 
levels of attenuation ranging from 6–12 dB were modeled for the Project (Appendix A).  Given the 
limitations of effectiveness predictability in various environments, attenuation mitigation efforts focused on 
the more attainable 6 and 12 dB reductions.  As an illustration of the effect of sound attenuating 
technology on acoustic exposure radii calculations, percentage reductions are shown in Table 30. 

Table 30. Percentage reduction in ranges to marine mammal exposure criteria with attenuation 

Metric 
Percentage range reduction 

6 dB 12 dB 
Level B (NOAA 2005) 49 75 
PK (Lpk) 49 73 
SEL (LE) 45 68 
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9.1. Summary of Project Mitigation Measures 
Table 31 is a summary of the acoustic and non-acoustic monitoring and mitigation measures currently 
proposed for the Project.  The table does not include standard compliance or mitigation measures that 
may be stipulated by BOEM or NOAA in permit conditions. While protection of marine mammals is a top 
priority, environmental and human health and safety is the very highest priority in working in the offshore 
environment; therefore, exceptions to mitigation may be made under certain circumstances.

 

Table 31. Proposed monitoring and mitigation plans for construction and operations  

Monitoring  
& mitigation 
measure 

Description 
Anticipated 
regulatory 

requirement 
Enhanced 
mitigation Additional information 

Mitigation for All Marine Mammals and Sea Turtles During Pile Driving 

Seasonal 
Restrictions1 

 Vineyard Wind will establish a restriction on pile driving 
between January 1 and April 30 --  

 No pile driving 
activities  
January - April 

Sound Reduction 
Technology 

 Vineyard Wind will implement attenuation mitigation to 
reduce sound levels by a target of approximately 12 dB 
- A noise attenuation technology will be implemented  

(e.g., Noise Mitigation System [NMS], Hydro-sound 
Damper [HSD], Noise Abatement System [AdBm], 
bubble curtain, or similar), and a second back-up 
attenuation technology (e.g. bubble curtain or similar) 
will be on-hand, if needed pending results of field 
verification 

--  
 Integrated equipment 

dampening methods 
 External sound 

dampening 

Sound Field 
Verification 

 Sound levels will be recorded for each of the pile types 
for comparison with model results   

 One each of the 
monopiles and jacket 
piles will be recorded 
and characterized 

Low Visibility 
Construction 
Operations 

 Pile driving will not be initiated when the clearance zone  
cannot be visually monitored --   As determined by the 

lead PSO on duty 

Protected Species 
Observers (PSOs) 

 A minimum of two PSOs will maintain watch during 
daylight hours when pile driving is underway 

 PSOs may not perform another duty while on watch 
 PSOs may not exceed four consecutive watch hours; 

must have a minimum two hour break between 
watches; and may not exceed a combined watch 
schedule of more than 12 hours in a 24-hour period 

 All PSOs will have training certificates that meet or 
exceed BOEM/BSEE criteria or have NMFS approval, 
or will be pre-approved by NMFS  

 PSOs will be deployed on the installation vessel 
 PSOs will check the NMFS Sighting Advisory System 

for NARW activity 
 Clearance and monitoring zones will be monitored 

around the pile center for marine mammals 
 PSOs will record behavioral activity of animals 

observed 

  n/a 
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Monitoring  
& mitigation 
measure 

Description 
Anticipated 
regulatory 

requirement 
Enhanced 
mitigation Additional information 

Pre-piling Clearance 
Timing 

 Clearance zone(s) must be clear for the following time 
period  
prior to pile driving 
- Mysticete whales and sea turtles2 for 30 minutes 
- Odontocetes and Pinnipeds for 15 minutes  

   Use reticle binoculars 
and/or range sticks 

Soft-start  Soft-start will be implemented during pile driving    n/a 

Passive Acoustic 
Monitoring (PAM) 

 A PAM system will be utilized – the system will be 
identified prior to construction and in consultation with 
BOEM and NOAA Fisheries 

 The PAM system will not be located on the installation 
vessel to avoid interference 

 A team of trained PAM operators will monitor for 
acoustic detections 

 The system will be in operation in accordance with the 
pre-piling clearance timing 

--  n/a 

Clearance Zones 
(radius from pile 
center) 

  Monopile and Jacket Installation: 
- Mysticete Whales: 500 m 
- Odontocetes, Pinnipeds, and Sea Turtles: 50 m 

  

 Proposed clearance 
zones are based on 
modeled distances to 
the NMFS Level A 
harassment 
thresholds (both PK 
and SEL), visual 
observation capability, 
and practical offshore 
implementation. 

 Clearance zone 
distances assume 
longer than expected 
exposure durations for 
SEL criteria. 

Monitoring Zone 
(radius from pile 
center) 

  PSOs will monitor to the extent practicable  
- During Monopile Installation: 2,750 m 
- During Jacket Installation: 2,200 m 

 

  

 Monitoring zones are 
based on the NMFS 
Level B harassment 
criteria (160 dB SPL) 
and reflect the 
average distance of 
two modeled sites. 

Shut downs 

 If a marine mammal or sea turtle is observed 
approaching the clearance zone, the PSO will request a 
temporary cessation of pile driving.  Where shut-down is 
not possible to maintain installation feasibility, reduced 
hammer energy will be requested and implemented 
where practicable 
 After shut down, piling can be initiated once the 

clearance zone is clear for the minimum species-
specific time period, or if required to maintain 
installation feasibility 
 
 

 -- n/a 
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Monitoring  
& mitigation 
measure 

Description 
Anticipated 
regulatory 

requirement 
Enhanced 
mitigation Additional information 

Vessel Strike 
Avoidance 

 100 m (328 feet) will be maintained between all 
transiting vessels and whales 
 If a whale is observed within 100 m (328 feet), the 

transiting vessel will shift engine to neutral and will not 
re-engage engines until the whale has moved out of the 
vessel path and beyond 100 m (328 feet) 
 Transiting vessels will maintain a separation distance of 

50 m (164 feet) from pinnipeds and dolphins, except for 
bow-riding dolphins and pinnipeds that approach the 
vessel 
 Vineyard Wind will report sightings of injured or dead 

protected species 

  n/a 

Additional Pile Driving Mitigation for NARW 

May 1 to May 14 

 An extended PAM clearance zone of 10 km (radius 
from pile center) will be implemented for NARW 

 PAM will be operated 24/7 
 Prior to piling, an aerial or boat survey will be 

conducted across the extended 10 km clearance zone 
- Aerial surveys will not begin until the lead PSO on 

duty determines adequate visibility and at least 1 
hour after sunrise (on days with sun glare) 

- Boat surveys will not begin until the lead PSO on 
duty determines there is adequate visibility 

- If a NARW is sighted during the survey, piling 
operations will not be conducted that day unless an 
additional survey is conducted to confirm the zone is 
clear of NARW 

--  n/a 

May 1 to December 
31 

 60 minute pre-piling monitoring time period 
 Clearance zone: minimum 1000 m --  n/a 

November 1 to 
December 31 

  An extended PAM clearance zone of 10 km (radius 
from pile center) will be implemented for NARW 
  An aerial survey, as described above may also be 

utilized to confirm zone is clear 
 PAM will be operated 24/7 

--  n/a 

Additional Vessel Speed Mitigation for NARW 

November 1 to May 
14 

 Vessels will travel at less than 10 knots within the WDA 
 When transiting to or from the WDA (this will not apply 

to any transitting in Nantucket Sound, which has been 
demonstrated by best available science to not provide 
consistent habitat for NARW) Vineyard Wind will either 
travel at less than 10 knots or will implement visual 
surveys or PAM to ensure the transit corridor is clear of 
NARW 

--  n/a 

DMA 
 Vineyard Wind will reduce speeds within a DMA to 10 

knots unless visual surveys or PAM are conducted, 
which demonstrate that NARW are not present in the 
transit corridor, or the animals can be avoided 

--  n/a 
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Monitoring  
& mitigation 
measure 

Description 
Anticipated 
regulatory 

requirement 
Enhanced 
mitigation Additional information 

Year-round 

 An observer who has undergone marine mammal 
training will be stationed on vessels transiting to and 
from the WDA if traveling over 10 knots 

 500 m (1640 feet) will be maintained between all 
transiting vessels and NARW 

--  n/a 

1 This restriction is intended to minimize the amount of pile driving that occurs when the migratory NARW is likely to be in 
the Offshore Project Area and thus limit sound exposure for this endangered species.  Density data from Roberts et al. 
(2016) and survey data (both visual and acoustic) from Kraus et al. (2016) suggest that the highest density of NARWs in the 
WDA occurs annually in March.  Over 93% of the sightings in the Kraus et al. (2016) study occurred from January through 
April, with no NARWs sighted from May through August. 
2 Consistent with sea turtle clearance times for seismic activity in the Atlantic and Gulf of Mexico - 30 minutes (BOEM 2012, 
BOEM-NTL-2016-G02). 

 

9.2. Sound Field Verification 
Exposure estimates indicate that mitigation measures achieving a sound attenuation of 6 dB are 
protective for species of concern, including the NARW.  Vineyard Wind has committed to investigating 
mitigative technologies capable of reducing sound levels by up to approximately 12 dB.  To assess the 
efficacy of mitigation measures and to determine the distance to pre-defined acoustic thresholds, 
Vineyard Wind proposes to conduct a sound field verification (SFV) when construction commences.  
Sound levels will be measured at distances from the pile at one monopile location and one jacket pile 
location.  The results of the in situ SFV will be compared to the modeling results presented in this report.  
These results will also inform Project mitigation measure implementation for the remainder of the 
construction – such as determining monitoring or clearance zones.  Monitoring and clearance zones 
depend on the potential for impact and the number of expected exposures.  For some metrices, PK and 
SPL, the distance necessary to monitor is easy to determine because impacts are predicted from single 
instances of exposure.  Because animals move, it is much more difficult to determine a meanginful area 
over which animal exclusion is desired for accumulating metrics, SEL.  Assuming static animals may lead 
to impractical and unnecessarily large areas to monitor. Understanding how the acoustic energy 
accumulates for animals moving through the area, e.g. animal movement modeling, can lead to a better 
defined and more practical monitoring area.  Specific details on equipment type and deployment strategy 
will be provided to BOEM and NOAA in advance of the SFV. 
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10. Results Summary 
Exposure estimates were calculated for the Maximum Design and Most Likely scenarios for marine 
mammals and sea turtles.  Estimates of population impacts were obtained as the percentage of species’ 
abundance to gage potential impacts from injurious exposure and behavioral disruption.  This approach is 
conservative because potentially injurious or behavioral response exposures are equated with Level A 
and Level B take even though exposure to threshold levels of sound does not always mean that 
harassment has occurred.  Estimates were generated assuming one monopile foundation is driven per 
day and two monopile foundations driven per day, and up to one jacket foundation per day, each with 
unattenuated sound fields and assuming targets of up to approximately 6 and 12 dB of broadband sound 
attenuation.  Additional assumptions made when generating exposure estimates include the following: 

• No pile driving will occur from January 1 through April 30. 

• Pile driving activity is distributed from May through December, with monthly activity levels adjusted 
according to historical weather data. 

• Pile driving will be initiated during daylight hours only. 

• The conservative assumptions in the NMFS (2018) acoustic guidance such as no hearing recovery 
between pile strikes, measures of TTS as proxy for estimating PTS onset, and auditory weighting for 
functional hearing groups, were included in the model.  

• Clearance of animals near the WDA before commencement of pile driving was not considered in the 
exposure estimates.  

• Exposure estimates will be further evaluated through an MMPA permitting process in collaboration 
with NOAA to ensure that the exposures meet the permitting criteria.  Further evaluation may include 
refinements in technical aspects of the Project and application of practicable mitigation. 

10.1. Marine Mammals 

With the inclusion of more jacket foundations, and therefore more pile driving in the WDA, exposure 
estimates for the Maximum Design scenario (Tables 14 and 15) are higher than the Most Likely scenario 
(Tables 16 and 17).  In all scenarios, the maximum number of jacket foundations modeled per day was 
one (four jacket piles).  Whether one monopile foundation is installed per day or two makes little 
difference with respect to projected injurious exposures (Table 14 versus Table 15, and Table 16 versus 
Table 17).  The same total amount of pile driving is conducted whether one monopile or two is installed 
per day, so the finding that injurious exposures are similar indicates that animals are primarily impacted 
by one piling event per day.  For behavioral disruptions, exposure estimates for one monopile foundation 
per day are somewhat higher than for two monopiles foundations per day (Table 14 versus Table 15, and 
Table 16 versus Table 17).  The reason is that ensonified volume that may result in behavioral disruption 
is larger than the volume that may result in injury.  Because behavioral disruption is assessed on the 
maximum single exposure, a behavioral disruption may be registered in response to both piles driven in a 
day but the animat is only counted once.  With two monopile foundations per day there are half as many 
days of pile driving so there is likewise a reduced number of predicted behavioral response exposures.      

Overall, the predicted exposures expressed as potential impacts to species populations indicate very low 
(negligible) risk to mid- and high-frequency cetaceans and pinnipeds — regardless of the scenario, 
number piles driven per day, and for both potential injury and behavioral disruption (Tables 20 and 23). 
While individual animals may be exposed, and possibly injured, the number of animals affected is small 
relative to the size and health of their populations.  Of this group, only Sperm Whales are endangered, 
but due to their low density in the Offshore Project Area and preference for deep water, their predicted 
impacts approach zero.  
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A small number of pinnipeds (< 2 Harp Seals and < 1 animal for each of Gray and Harbor Seals) were 
predicted to receive injurious levels of sound without attenuation of the piling source.  Without attenuation, 
~13 Harbor Porpoises were predicted to receive injurious levels of sound based on exposures exceeding 
the unweighted, peak sound pressure (PK) threshold.  With attenuation ranging from 6–12 dB, the 
number of Harbor Porpoise predicted to receive injurious levels of sound decreases to < 2–6 animals, and 
injurious impacts to pinnipeds are < 1 animal for all species.  These estimates do not include modeled 
aversive behavior.  When aversion was included in the Harbor Porpoise modeling, zero animals received 
sound at injury threshold levels. 

Low-frequency cetaceans are more likely to exceed the SEL exposure threshold.  This occurs because 
the hearing frequency of this group overlaps with the highest energy frequency bands produced during 
pile driving.  In the case of NARWs, over six individuals are predicted to receive potentially injurious 
sound exposure for the Maximum Design scenario with no noise attenuation or other mitigation 
measures.  For the Most Likely scenario with no noise attenuation or other mitigation, the number of 
individuals is almost four.  While this is a low number of individuals, the total population of NARW is small 
(~450, Table 19) and they are critically endangered.  With approximately 6 dB sound attenuation, the 
number of individuals predicted to receive a potentially injurious exposure decreases to just over one 
individual for the Maximum Design scenario and < 1 for the Most Likely scenario.  Achieving up to 
approximately 12 dB of attenuation further decreases the number of predicted animals potentially 
exposed to injurious levels of sound to less than two animals in the Maximum Design scenario, and less 
than one animal in the Most Likely scenario, 0.03% and 0.02% of the species’ population, respectively.    

The NARW results are similar to those seen for all low-frequency cetaceans.  In the Maximum Design 
scenario with two piles installed per day, without attenuation, the predicted potential risk of injurious 
exposures expressed as a percentage of species abundance is very low (e.g., 0.10% of Minke Whale, 
0.37% of Fin Whale, 0.13% of Sei Whale population), and low (e.g., 1.66% of NARW and 1.56% of 
Humpback Whale population).  However, sound attenuation mitigation is proposed for the Project, which 
significantly reduces the number of predicted exposures as a percentage of abundance for all species, 
including mysticetes.  For the critically endangered NARW, modeled sound attenuation by 12 dB reduces 
the number of predicted animals potentially exposed to injurious levels of sound to less than two animals 
in the Maximum Design scenario, and less than one animal in the Most Likely scenario, 0.03% and 0.02% 
of the species’ population,respectively respectively.  For all other species, with a targeted sound reduction 
of up to approximately 12 dB, the number of modeled animals potentially exposed to injurious levels of 
sound is reduced to small numbers in all scenarios, for all species (Tables 14-17, and therefore the 
impact risk rating is very low. 

These exposure predictions do not account for aversion, which is commonly seen in mysticetes exposed 
to anthropogenic sound, nor do they account for other proposed mitigation measures, including ramp-up, 
zone clearance, and monitoring.  Therefore, they are conservative estimates.  An example model run was 
conducted for NARW that included aversion.  Even without attenuation, the aversion model predicted that 
the number of NARW that could potentially receive injurious levels of sound was nearing zero.  With 
aversion and attenuation ranging from approximately 6–12 dB, no NARW were predicted to reach the 
NMFS (2018) injury thresholds.     

Individual exposure numbers are also considered in the context of species’ abundance.  As with individual 
exposure estimates, the model-predicted numbers for injurious exposures as a percentage of species’ 
abundance are very low for all mid- and high-frequency cetaceans and pinniped species, with or without 
attenuation, in all Maximum Design and Most Likely scenarios.  These results are similar for behavioral 
response, with the highest percentage of exposures to Atlantic White Sided Dolphin (maximum 1.96%).  
With sound attenuation planned for the Project, the injury and behavioral response impact rating for mid- 
and high-frequency marine mammal species is very low or negligible. 
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10.2. Sea Turtles 
Using the NMFS injury criteria (unweighted 180 dB Lp) with sound exposure estimates, < 1 Loggerhead 
Turtle is predicted to be exposed to an injurious sound level threshold.  When attenuation is considered, 
the number of modeled Loggerhead Turtles estimated to receive injurious exposures decreased to ~0.1. 
For both Maximum Design and Most Likely scenarios, ~0.1 Leatherback and Kemp’s Ridley Sea Turtles 
were predicted to receive injurious levels of sound, without attenuation.  With attenuation, the predicted 
number approaches zero. When using the Popper et al. (2014) criteria (210 dB LE, or 207 dB Lpk) (Popper 
et al., 2014) (Popper et al., 2014) (Popper et al., 2014) (Popper et al., 2014) (Popper et al., 2014) (Popper 
et al., 2014) (Popper et al., 2014), fewer than one, or approaching zero, animals were predicted to receive 
injurious levels of sound, with or without attenuation.  The calculated radius, using the Popper et al. 
(2014) criteria, within which, if present, turtles might experience the NMFS injury thresholds with 
attenuation of 6 and 12 dB, is 67–487 m and 34–153 m respectively.  

The behavioral criteria used by the NMFS for sea turtles is an unweighted 166 dB SPL (NSF, 2011).  This 
level of sound is predicted to propagate to a range of approximately 4 km (2.5 miles) from the piling 
source.  Exposure results predict ~3 Loggerhead Turtles would receive sound levels sufficient to result in 
a behavioral response for the modeled scenarios without attenuation. With attenuation, the predicted 
number of Loggerhead Turtles expected to experience a behavioral response is ~2 for 6 dB of attenuation 
and ~1 for 12 dB of attenuation.  Models predict that fewer than one each of Leatherback and Kemp’s 
Ridley Sea Turtles may potentially receive sound levels above the behavioral threshold without 
attenuation, and even less with attenuation. 

There are no estimates for the total populations of Leatherback or Kemp’s Ridley Sea Turtles.  The 
NEFSC & SEFSC (2011c) estimated that the Loggerhead Turtle population in the Northeast Atlantic 
Ocean is approximately 588,000 when only positively identified Loggerhead Turtles are considered in 
abundance estimates, and as high as 801,000 when a proportion of unidentified sea turtles in surveys is 
considered in estimates.  Thus, the conservative estimate of three individual Loggerhead Turtles 
experiencing behavioral response to pile driving constitutes potential effects to only 0.0005% to 0.0003% 
of their estimated population.  
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11. Discussion  
To estimate the potential impact of acoustic exposure from the proposed Project, the sound fields 
generated by pile driving were computed and combined with simulations of the animal species that may 
be present in the vicinity of the survey area.  Movement parameters such as swimming speeds and 
depths as well as the frequency of dives, derived from tagging studies, are input to the model.  Animats 
with these species-specific programmed behaviors represent receivers that sample the complex sound 
fields.  The sound fields were computed using pile driving source models and sound propagation models.  
Sound exposure level SEL and Sound Pressure Level (SPL) were estimated in decidecade frequency 
bands applicable to pile driving. Because animals have finite hearing ranges and different sensitivity at 
different frequencies (i.e., low-, mid-, and high-frequency cetaceans), transmission loss was frequency-
filtered or weighted to account for different hearing sensitivity of the species’ groups.  Ranges to various 
isopleths were estimated to allow for planning of monitoring and mitigation procedures.  

Modeling results indicate that for all species modeled in the study, when sound reduction mitigation 
measures are employed, the likelihood of injury occurring is very low to negligible.  In addition to sound 
attenuation, additional mitigation measures implemented during this program will further decrease the 
likelihood of injury occurring.   

11.1. Marine Mammal Behavioral Response 
Low-frequency cetaceans have the potential to be particularly sensitive to the low frequencies of pile-
driving noise and may perceive sound at longer distances than mid- and high-frequency cetaceans 
(Finneran, 2016; Kastelein, Hoek, & Gransier, 2013), though perception does not necessarily result in 
harassment, as defined under the MMPA.  The acoustic analysis of pile-driving sound propagation for the 
Project (Appendix A) results in a maximum mean distance to behavioral harassment of 2,177 m 
(1.35 miles) for four 3 m (9.8 ft) pile jackets and 2,739 m (1.7 miles) for 10.3 m (33.8 ft) monopiles with 
12 dB sound reduction (Table 13).  These are unweighted distances (NOAA 2005) that do not account for 
the actual hearing sensitivity of different hearing groups.  Actual behavioral disturbance for LFC, MFC and 
PPW are limited to shorter distances when comparing a 50% probability of response, because their 
hearing sensitivity makes them less sensitive to certain acoustic frequencies.  HFC may be responsive at 
longer distances, because of their documented increased sensitivity to anthropogenic sounds (e.g., 
Harbor Porpoise). 

11.2. Sea Turtle Behavioral Response 
Information on sea turtle responses to high-intensity, impulsive sounds are based on observations of 
captive sea turtles exposed to seismic airgun sounds.  While pile driving is an impulsive source, it is not 
the same as an airgun.  Additionally, captured and restrained animals may react differently than animals 
in a natural, uncaged condition without the prior stress of capture, and small sample sizes in the limited 
number of acoustic exposure studies with sea turtles are not sufficient to evaluate statistical significance 
of sound received levels that would generate behavioral reactions.  However, these are the best available 
data to date for the potential response of sea turtles to sounds generated by pile driving. 

11.2.1. Startle response 
McCauley et al. (2000) suggest that sea turtles display a general alarm response at approximately 2 km 
(1.2 miles) from a seismic vessel operating airguns.  At seismic air gun levels of 166 dB re 1µPa rms, 
caged sea turtles (one Green Sea Turtle and one Loggerhead Sea Turtle) noticeably increased their 
swimming activity in comparison to when the airgun was not operating (McCauley et al., 2000).  DeRuiter 
and Larbi Doukara (2012) observed wild Loggerhead Sea Turtles basking near the surface during a 
seismic survey.  They present a relationship between the probability of a dive, often preceded by a startle 
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response, with the range to the airguns.  Approximately 75% of sea turtles dove when within 20 m 
(65.6 ft) of an active air gun, and 50% dove at 220 m (721.8 ft), with a median response distance of 
130 m (426.5 ft).  The modeled sound level at 130 m (426.5 ft) was 191 dB re 1µPa peak, suggesting a 
higher tolerance for sound levels that those found by McCauley et al. (2000). 

11.2.2. Area avoidance 
Noise from pile driving may cause temporary, localized displacement of sea turtles.  McCauley et al. 
(2000) suggest that sea turtles display behavior indicative of avoidance within 1 km (0.62 miles) of an 
operating seismic vessel.  Above 175 dB re 1µPa rms, McCauley et al. (2000) described sea turtle 
behavior as erratic, suggesting that they were agitated.  They suggest that, because they observed 
increasing swimming behavior with increasing received sound level, the 175 dB re 1µPa rms indicates the 
point at which sea turtles would exhibit avoidance behavior.  Acoustic measurements during pile-driving 
events in the construction of the Block Island Wind Farm measured peak pressure levels of 188 dB at 
500 m (1,640 ft) from the source (J. H. Miller & Potty, 2017).  Hence, it is likely that sea turtles would 
avoid this area if they exhibit similar behavioral patterns to those observed by McCauley et al. (2000).   

In McCauley et al. (2000), sea turtles captured and put into cages were exposed to an approaching and 
departing air gun signal.  The sample size was two turtles, one Green Sea Turtle and one Loggerhead 
Sea Turtle on different days, with two hours of exposure for one animal and one hour of exposure for the 
other.  O'Hara and Wilcox (1990) tested Loggerhead Sea Turtle responses to air guns fired at different 
pressures.  The guns had source sound levels of about 220 dB re 1µPa at 1 m (3.3. ft).  At lower 
pressures of 70 kg/cm3, they found no response; however, at 140 kg/cm3, they found a significant 
difference in the distribution of the turtles suggestive of avoidance.  Weir (2007) summarized sea turtle 
sightings recorded during two 3D seismic surveys.  Turtle sighting occurred closer to the source during 
guns-off periods compared to full-array operations, suggestive of avoidance during seismic gun 
operations.  

11.2.3. Habituation 
Some habituation and/or adaptation to pile-driving noise may occur.  For example, Moein et al. (1994) 
found that 10 Loggerhead Sea Turtles captured in nets in the York River and placed in an enclosure with 
a 3 m (9.8 ft) line attached to the carapace to monitor location had decreased response, which suggested 
habituation to the sound of seismic air guns over multiple exposures.  However, this study also does not 
represent pile-driving noise, involves captured sea turtles in enclosures, and has small sample sizes.  
Nevertheless, the received levels of sound reported in Moein et al. (1994), 175, 177, and 179 dB (no units 
were reported) are within the same range as those modeled for pile driving, and this is one of the few 
studies of sea turtle response to elevated sound levels; thus, to be conservative, it is considered possible 
that similar results may occur in the WDA. 

11.2.4. Ambient sound 
The risk to sea turtles from pile-driving sound must also be considered in the context of existing ambient 
sound.  Other anthropogenic sound sources can, to a certain extent, mask pile-driving sound.  For 
example, during construction of a Belgian offshore wind farm, the combined effect of the bathymetry and 
the noise generated by shipping was predicted to be of greater relevance to marine animals, as the sound 
emitted from a single pile-driving strike did not add to the soundscape for at least half of the time 
(Thomsen et al., 2015).   
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Kraus et al. (2016) recorded ambient sound in the frequency range of 70.8 to 224 Hz in the MA WEA and 
MA/RI WEA from 2011 to 2015.  Sound levels ranged from 96 dB re 1 µPa to 103 dB during 50% of 
recording time.  Sound pressure levels were 95 dB re 1 µPa or less 40% of the time, and greater than 104 
dB re 1 µPa 10% of the time.  In Long Island Sound, Samuel, Morreale, Clark, Greene, and Richmond 
(2005) recorded sound levels ranging from 70 to greater than 120 dB re 1 µPa.  Over a busy holiday 
weekend, they found that 50% of sound levels were at pressures between 90 and 100 dB, and 5% were 
greater than 120 dB. 
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12. Conclusion 
The acoustic modeling examined three thresholds for potential sound impacts on marine mammals from 
pile driving.  Sound level exposure estimates were then calculated by comparing pre-determined 
exposure threshold criteria with computed sound fields generated by the sound source associated with 
two pile driving scenarios, each with one and two-pile per day activity levels.  Exposure estimates were 
purposely conservative regarding onset thresholds of auditory injury and hearing curves for marine 
mammal hearing groups and assume that all individuals within a prescribed threshold radius are exposed.  
In addition, for comparison tables, the mean maximum values were reported and used to calculate animal 
exposures.  

Based on the acoustic modeling results, it can be conservatively estimated that both injurious and 
behavioral threshold exposure levels may be exceeded for some individual marine mammals during pile 
driving in the WDA.  It is important to note that a sound level above these thresholds indicates a potential 
for injury or a behavioral response to noise – it does not necessarily equate to an adverse effect on an 
individual marine mammal or a population.   

Modeling results indicate that for most species, including NARW, the likelihood of injury occurring is low to 
negligible, particularly when mitigation measures to reduce sound are applied.  Overall, the predicted 
exposure results expressed as potential impacts to species’ abundance indicate very low (negligible) 
impact rating to mid- and high-frequency cetaceans and pinnipeds, regardless of the scenario, or number 
of piles driven per day, for both potential injury and behavioral disruption.  While individual animals may 
be exposed, the number of animals affected is small relative to the size and health of their populations.  
Of this group, only Sperm Whales are endangered, but due to their low density in the Offshore Project 
Area and preference for deep water, the predicted impact to this species is negligible (i.e., 0% of 
population).   

Low-frequency cetaceans are more likely to exceed the SEL exposure threshold.  This occurs because 
the hearing frequency of this group overlaps with the highest energy frequency bands produced during 
pile driving.  The sound attenuation mitigation proposed for the Project, will significantly reduce the 
number of predicted exposures as a percentage of abundance for all species, including mysticetes.  For 
the critically endangered NARW, modeled sound attenuation by 12 dB reduces the number of predicted 
animals potentially exposed to injurious levels of sound to less than two animals in the Maximum Design 
scenario, and less than one animal in the Most Likely scenario, 0.03% and 0.02% of the species’ 
population, respectively.  For all other low-frequency cetaceans, a targeted sound reduction of 
approximately 12 dB reduced the number of modeled animals potentially exposed to injurious levels of 
sound to nearly zero in all scenarios for all species.  Therefore, the impact risk rating for low-frequency 
cetaceans is very low to negligible.   

These exposure predictions and ratings do not account for aversion, which is commonly seen in 
mysticetes exposed to anthropogenic sound, nor do they account for other proposed mitigation 
measures, including ramp-up, zone clearance and monitoring.  Therefore, they are conservative 
estimates.  An example model run was conducted for NARW that included aversion.  Even without 
attenuation, the aversion model predicted that the number of NARW that could potentially receive 
injurious levels of sound was nearing zero.   

Both received sound levels and the distance from the sound source are known to influence the probability 
of marine mammal behavioral response (Dunlop et al., 2017).  The modeled propagation range for the 
behavioral level exposure criteria was calculated using both the unweighted NOAA (2005) criteria, and 
the Wood et al. (2012) step-function with M-weighting applied to all species (Table 13).  Using these 
parameters and a 50% probability of response to sound levels above the exposure criteria, the ensonified 
area for most species is relatively small, except for the sensitive high-frequency Harbor Porpoise.  Harbor 
Porpoise are a well-studied species, with many behavioral response studies associated with wind energy 
projects and pile driving demonstrate a highly aversive response (Tougaard, Carstensen, Teilmann, Skov, 
& Rasmussen, 2009).  Viewed in the context of their population; however, the impact severity rating for 
Harbor Porpoise is very low.  
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Assuming 12 dB of attenuation, the largest percentage of a population potentially exposed to behavioral 
harassment thresholds is just over 2% of NARW (Table 20).  As shown in the exposure estimates 
(Tables 14 and 17), other species have much larger absolute values of potential exposures, so this result 
is driven by the very low abundance of NARW.  Nonetheless, the percentage calculated represents a 
small portion of the North Atlantic right whale population and very small portions for all other species.  
Potential exposures at injurious levels are even smaller portions of some populations and effectively zero 
for most.  Assuming no attenuation, the percentage of the NARW population potentially exposed at 
behavioral harassment levels rises to just over 5%, while most other species remain below 2%.  Once 
again, these values and the lower values associated with potential injurious exposures represent small 
portions of the species populations.  Based on this approach to assessing potential exposures in the 
context of marine mammal population or stock sizes, impacts to the species present in the region are 
expected to be negligible. 

Using the NMFS injury criteria (unweighted 180 dB Lp) with sound exposure estimates, < 1 Loggerhead 
sea turtle is predicted to be exposed to an injurious sound level threshold.  When attenuation is 
considered, the number of modeled Loggerhead sea turtles estimated to receive injurious exposures 
decreased to ~0.1. For both Maximum Design and Most Likely scenarios, ~0.1 Leatherback and Kemp’s 
Ridley sea turtles were predicted to receive injurious levels of sound without attenuation.  With 
attenuation, the predicted number approaches zero. When using the Popper et al. (2014) criteria (210 dB 
LE, or 207 dB Lpk) (Popper et al., 2014) (Popper et al., 2014) (Popper et al., 2014) (Popper et al., 2014) 
(Popper et al., 2014) (Popper et al., 2014) (Popper et al., 2014), fewer than one, or approaching zero, 
animals were predicted to receive injurious levels of sound with or without attenuation.  The modeled 
maximum radius within which sea turtles might experience above injury threshold sound levels with only 
6 dB attenuation is small (maximum 487 m [1,597 ft]).  While data suggest that visual mitigation measures 
are not 100% effective for sea turtles (McDiarmid, 2012), this radius is well within the range of typical 
PSO observation.   

The behavioral criteria used by the NMFS for sea turtles is an unweighted 166 dB SPL (NSF, 2011). This 
level of sound is predicted to propagate to a range of approximately 4 km (2.5 miles) from the piling 
source.   Exposure results predict ~ 3 Loggerhead Turtles would receive sound levels sufficient to result 
in a behavioral response for the modeled scenarios without attenuation. With attenuation, the predicted 
number of Loggerhead Turtles expected to experience a behavioral response is ~2 for 6 dB of attenuation 
and ~1 for 12 dB of attenuation.  Models predict that fewer than one each of Leatherback and Kemp’s 
Ridley Turtles may potentially receive sound levels above the behavioral threshold without attenuation, 
and even less with attenuation. 

Modeling of sound producing activities during Project construction, including vessel traffic, but particularly 
pile driving installation activities, indicates that there is potential for marine mammals, sea turtles and fish 
to experience sound exposure at levels that may cause behavioral response, including aversion and 
avoidance.  Research suggests that this displacement is temporally limited to the construction phase  and 
re-occupation of habitat in the Offshore Project Area is expected at equivalent or higher levels relative to 
the region around the Project post-construction and during operation (Bergström et al., 2014).  Monitoring 
and mitigation efforts, combined with the limited ensonified area around each pile, and the low predicted 
number of exposures, are likely to result in low impacts to marine mammals and sea turtles.  The Most 
Likely impacts are short-term behavioral responses such as diving or avoidance. 

There are few studies that have measured the responses of marine species to habitat modification 
resulting from offshore wind farm construction and operation, and none have yet assessed longer term 
impacts at the population level (Bailey et al., 2014).  Researchers have concluded, from the limited 
studies that do exist, that the most significant negative impacts of offshore wind farm construction are 
likely to occur as a result of avoidance of construction noise or structures rather than direct mortality 
(Bailey et al., 2014).  During operations, studies have shown that there are benefits to the habitat gain 
that results from infrastructure installation.  These include increased prey, including fish aggregation and 
production (Keenan et al., 2007; McConnell et al., 2010), and provision of important resting and foraging 
habitat, particularly during inter-nesting periods (Nuttall & Wood, 2012; Patterson III et al., 2009).  
Bergström et al. (2014) summarized probable impacts of wind energy project construction and operation 
on marine mammals, fish, and benthos, and concluded that there is a moderate level of certainty of 
significant positive habitat gain for fish arising from wind energy project habitat modification.  Other 
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studies suggest that there are little to no differences in species’ presence inside and outside wind farms 
post-construction and during operation (Tougaard et al., 2009).  Potential negative impacts, particularly 
during the relatively limited construction period, are likely outweighed by the long-term benefits of habitat 
gain over the operational lifetime.  Negative impacts related to habitat gain and loss are not expected to 
be significant.  

Vineyard Wind will implement several mitigation measures over the course of the Project.  Limiting pile 
driving activities to months when critically endangered NARW are less likely to be present in the WDA will 
significantly reduce potential impact to this species, as well as other species in the area in this timeframe.  
In addition to a voluntary no pile driving period, Vineyard Wind will implement sound attenuating 
mitigation technology.  Based on analysis and consultation with BOEM and the NMFS, it was determined 
that an average of up to approximately 12 dB is a reasonable target for sound reduction.  Exposure 
analysis indicates that this level of attenuation may not be required to reduce injurious levels of sound for 
species of concern, including NARW.  SFV will take place at the beginning of the Project to confirm 
modeled sound levels.  Other mitigation measures are planned related to vessel transit and monitoring.  
After mitigation measures are implemented, the residual risk of impacts from the Project is expected to be 
significantly reduced.  
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