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Appendix A: ICF Definitions

A.1 Terminology, Definitions, and Ranges

Appendix A provides definitions of each impact-causing factor (ICF) included in the Offshore Floating
Wind Environmental Sensitivity Analysis (OFWESA) model. Some text is repeated verbatim among
different ICF sections as the same definitions can apply to multiple factors.

Table A-1. ICF Terms and Definitions

Term Definition

A summary attribute incorporating Impact Duration, Impact Scale, Impact
Impact Magnitude Level, and Current Level of Development. It assesses the spatiotemporal
extent of an ICF within a study area.

Impact Duration Temporal scale at which the ICF would most likely occur.
Impact Scale Spatial scale at which the ICF would most likely occur.
Impact Level Level of impact on an individual expected if the ICF occurred.

Assessment of existing BOEM-regulated activities in a planning area or
broad outer continental shelf regions of interest relative to other planning
areas.

Current Level of
Development

A.1.1 Impact Range

Avreal range describes the distance from shore the ICF can occur. A value of zero represents the shoreline;
positive integers indicate distance out to sea in kilometers (km). The depth range represents the
bathymetric depth ranges at which the ICF can occur. Current offshore floating wind (OFW) turbine
technology may not allow. Construction in waters excessively shallow or deep. A value of zero represents
sea level. Positive integers represent depth below the sea surface in meters (m), and negative integers
represent distance above sea level in m.



A.1.2 Impact Duration

The Impact Duration attribute assesses the temporal scale at which the ICF would likely occur

(Table A-2). For example, a large oil spill is unlikely to occur, but if it occurs the impact might persist for
several months. Therefore, this is the duration assessed with the Impact Duration attribute.

Table A-2. Impact Duration Ranks

Impact
Duration
Rank Definition Rank Score
N/A The impact does not occur during a specific project phase. 0
Immediate A short-term event where effects are relaxed almost immediately 1
(minutes) (pulse effect).
Short-Term A short-term event where effects are relaxed quickly (days) (pulse 2
effect).
A short-term event where effects are relaxed over a short period of
Moderate . 3
time (weeks to months) (pulse effect).
. A sustained, long-term, or chronic event where effects are not relaxed
Chronic 4
(press effect).
A permanent event that sets a new threshold for some environmental
Permanent 5

feature of a species (threshold effect).

A.1.3 Impact Scale

The Impact Scale attribute assesses the spatial scale at which the ICF is likely to occur. The rank reflects
an approximation of worst-case spatial scale for each ICF (Table A-3).

Table A-3. Impact Scale Ranks

Impact Scale
Rank Definition Rank Score
N/A The impact does not occur during a specific project phase. 0
. e A contained impact that occurs only at the location of the structure
Site-Specific . 1
producing the ICF.
A minimally dispersed ICF, potentially occurring over a few square
Small . 2
kilometers.
Moderate A modergtely dispersed ICF, potentially occurring between 10 and 100 3
square kilometers.
L An ICF that may occur over hundreds of square kilometers of OCS
arge 4
and coastal areas.
Very Large An ICF that may occur over an unlimited or unmeasurable spatial area. 5



A.1.4 Impact Level

The Impact Level attribute assesses the intensity of effect on an individual if an ICF were to occur. The
rank reflects an approximation of the potential negative effect of each ICF (Table A-4).

Table A-4. Impact Level Ranks

Impact Level
Rank

N/A

Nuisance

Harmful

Potentially
Fatal

Fatal

Definition
The impact does not occur during a specific project phase.

An impact-causing factor that causes a nuisance to an individual, but
is unlikely to cause physiological harm. This may include but is not
limited to alteration of movement, slight disruption of feeding habits, or
reduction in predator avoidance capabilities.

An impact-causing factor that causes harm to an individual, but is
extremely unlikely to cause mortality. Or, an impact-causing factor that
causes a significant disruption in navigation, feeding habits, or prey
avoidance.

An impact-causing factor that may cause fatality, but is more likely to
wound an individual. Or, an impact-causing factor that causes a
potentially fatal alteration in an individual’s navigation, feeding habits,
or prey avoidance.

An impact-causing factor that causes fatality to an individual or group
of individuals.

A.15 Level of Development Impacts

Rank Score
0

The Level of Development attribute assesses the level of development of the same technology type that
currently exists within a general OCS region (Table A-5). Regions with greater levels of OFW
development have greater probabilities of receiving impacts from OFW development. This metric is
intended to be of greater use in future implementations of the model if OFW development becomes
prominent in the outer continental shelf (OCS).

Table A-5. Level of Development Ranks

Level of
Development
Rank

N/A

None

Low

High

Definition
The impact does not occur during a specific project phase.

The impact does not currently occur in the broad OCS
region/planning area.

The impact currently occurs in the broad OCS region/planning area
and is in the lower 50 percent of nationwide OCS development (of
areas where impact occurs).

The impact currently occurs in the broad OCS region/planning area
and is in the upper 50 percent of nationwide OCS development (of
areas where impact occurs).

Rank Score
0

1



A.2 ICF Characterizations

A.2.1 Accidental Spills

Definition: Accidental spills are oil and chemical spills resulting from both routine operations and
incidents occurring outside of normal operating procedures. Accidental spills may be associated with
production accidents, transportation failures, and low-level releases from turbines or substations (MMS
2007). Additionally, accidental spills include the release of solid waste materials such as plastic
containers or construction materials. Accidental spills from turbines may include, but are not limited to,
lubricators (e.g., Mobil SCH 632, Optimol Synthetic A320, Mobil SHC XMP 220, polyalphaolefin/ester-
based products), phenol, acetone, and polyethylene terephthalate (BOEM 2013). Accidental chemical
spills from floating substations may include naphthenic mineral oil, dielectric fluid, transformer oil
(motor and/or diesel), Edisol XT, and sulfuric acid.

Areal Range: 0 — 100 km

The Areal Range minimum is assumed to be the shoreline (0 m) due to potential for accidental spills
originating from vessels in harbor. The maximum areal range is based on the distance from shore in
potential lease blocks centered on the maximum reported depth at which OFW construction can/has
occur(red). Maximum depth at which current OFW turbine technology could operate is approximately
1,000 m. In the areas requested for lease offshore of Hawaii and California, the 1,000-m depth contour
occurs approximately 40 — 50 km from shore (Progression Hawaii Offshore Wind Inc. 2015, Trident
Winds 2016). Therefore, the maximum areal range of accidental spills was assumed to occur within a 50-
km radius of the 1,000-m depth contour, or up to approximately 100 km from the shoreline.

Depth Range: 0—50m

Accidental spills are assumed to potentially occur at the surface or near-surface of the water column. A
value of 50 m is used to define the maximum depth at which this ICF could occur. Spills are likely to
originate from the turbine fuselage or construction/ maintenance vessels as opposed to anchoring devices,
which could occur in deeper waters.

Impact Scale:

e Sijte Assessment — Small
e Construction — Small
e Operation and Maintenance - Small

Impact Duration:

Accidental spills fall into the Short-Term category: a short-term event for which effects are relaxed
almost immediately (minutes to days) (pulse effect).

e Site Assessment — Short-Term

e Construction — Short-Term

o Operation and Maintenance — Short-Term

Current Level of Development: None

There is no existing large-scale OFW turbine farm on the OCS of the United States. Accordingly, the
current level of development is set as None for all ICFs.

Mitigation: Accidental spills are most likely to originate from transportation failures and accidents, or
from catastrophic large-scale events leading to structural failure of a turbine or substation. General best
practices and operating procedures for construction and operation dictate mitigation measures relating to
accidental spills originating from low level accidents. Mitigation for accidental spills relating to structural



failure is based on structural engineering and site placement. During construction and operation, it is
possible that emergency response may be available to address significant spills.

A.2.2 Artificial Light

Definition: Artificial light refers to all light emanating from the site assessment, construction, and
operation of OFW turbine fields. Detrimental effects of artificial light may include increased chances of
collision with turbine blades, disorientation, and skewed migratory bird pathways. In the marine
environment, artificial light can cause unnatural accumulation of species (e.g., cephalopods) in non-
preferable habitats that can make them more vulnerable to predation. Artificial light can also influence
diurnal vertical migration patterns of plankton in the surface waters.

Areal Range: 0 — 100 km

The Areal Range minimum is assumed to be the shoreline (0 m) due to potential for artificial light
originating from vessels in harbor or nearshore wind turbines. Since it is not possible to generalize the
distance traveled by various lighting schemes in all weather conditions, the upper range for this ICF is
based is based on the distance from shore in potential lease blocks centered on the maximum reported
depth at which OFW construction can/has occur(red). Maximum depth at which current OFW turbine
technology could operate is approximately 1,000 m. In the areas requested for lease offshore of Hawaii
and California, the 1,000-m depth contour occurs approximately 40 — 50 km from shore (Progression
Hawaii Offshore Wind Inc. 2015, Trident Winds 2016). Therefore, the maximum areal range of artificial
light was assumed to occur within a 50-km radius of the 1,000-m depth contour, or up to approximately
100 km from the shoreline.

Depth Range: -200 - 10 m

Minimum depth range for artificial light represents the maximum height above the waterline at which
artificial light may adversely affect biota. A height of 200 m has been selected; the hub heights of the
Hywind 6 megawatt (MW) system and the WindFloat 8 MW system are both approximately 100 — 105 m
above mean sea level (Principle Power 2015, Statoil 2015). The distance traveled by artificial light may
extend the visible effects of the artificial light to around 200 m or more. Because the distance light travels
in air will differ greatly based on the size of the wind turbine field and the atmospheric conditions,
assumptions must be made regarding the potential area of impact. The maximum depth of artificial light
is given as 10 m due to differing underwater light attenuation values across lease regions.

Impact Scale:

e Sijte Assessment — Small
e Construction — Moderate
e Operation and Maintenance - Moderate

Impact Duration:

e Sjte Assessment — Short-Term
e Construction — Moderate
e Operation and Maintenance - Permanent

Given the predicted life span of wind turbines (at least 20 years), artificial light is designated as a
permanent impact factor during the operational phase. Turbines and floating substations require 24-hour
lighting due to aviation regulations. During site assessment and construction, increases in artificial light
will occur on shorter time scales.

Current Level of Development: None



There is no existing large-scale OFW turbine farm on the OCS of the United States. Accordingly, current
level of development is set as None for all ICFs.

Mitigation: The most significant concern from artificial light emanating from turbines and substations is
from chronic operational light and its impact on species behavior, particularly birds and bats. Because
federal aviation regulations dictate some minimum requirements for lighting on turbines, no complete
mitigation measures are available. It is thought that lighting should be set at the minimum number,
minimum intensity, and minimum number of flashes ordained by federal law in order to minimize
disorienting effects on birds and bats (Manville 2005). With the aim of deterring species to avoid
collision, lighting can attract or disorient wildlife, but responses to lighting are still poorly understood
(Arizona Game and Fish Department 2008, Johnson et al. 2007). Studies on turbine lighting have
primarily been conducted on land-based turbine fields. It is still unknown how lighting intensity offshore
can affect migrant and seabird species movement; whether it be viewing the wind farm as an obstacle and
flying around it, becoming disoriented (i.e., have a “trapping effect”), or becoming attracted to wind
farms for rest or forage (Blew et al. 2013, Huppop et al. 2006, Johnson et al. 2007). In general, for
offshore wind energy; (1) fewer lights are preferable to more lights, (2) lower intensity lights are
preferable to higher intensity lights, (3) white lights are the least preferable choice for lighting structures,
and (4) installation of lighting deflectors is a baseline mitigation measure (Blew et al. 2013, Gartman et
al. 2016, Orr et al. 2013).

A.2.3 Collisions Above-Surface

Definition: Collisions above-surface are the detrimental effects of above-water structures on biota
unaccustomed to OFW turbines on the OCS, resulting in collisions with these structures. Collisions refer
exclusively to collisions of bird and bat species with rotor blades and hubs of wind turbines.

Areal Range: 12 — 50 km

The Areal Range minimum is assumed to be 12 km from shore because potential lease blocks in Hawaii
and California occur as close as 12 km to shore and collisions with turbines are not assumed to occur
outside of lease block regions. The maximum areal range is based on the maximum reported depth at
which floating offshore wind construction can/has occur(red). Maximum depth at which current OFW
turbine technology could operate is approximately 1,000 m. In the areas requested for lease offshore of
Hawaii and California, the 1,000-m depth contour occurs approximately 40 — 50 km from shore
(Progression Hawaii Offshore Wind Inc. 2015, Trident Winds 2016). Therefore, the maximum areal range
of collision impacts corresponds to 12 — 50 km.

Depth Range: -200—0m

Minimum depth range for collisions represents the maximum height above the waterline at which
collisions may adversely affect biota. The heights of the tip of the rotor blade of both the Hywind 6 MW
system and the WindFloat 8 MW system are approximately 180 — 190 m above mean sea level (Principle
Power 2015, Statoil 2015); therefore, a maximum height of 200 m is selected. No detrimental collision is
assumed to occur below the water surface. However, 0 m is used as the depth maximum in the case of
accidental collisions with the tower structure near the water’s surface.

Impact Scale:

e Site Assessment — Not Applicable
e Construction —Not Applicable
e Operation and Maintenance - Site-Specific



Impact Duration:

e Site Assessment — Not Applicable
e Construction — Not Applicable
e Operation and Maintenance - Permanent

Given the extremely long lifespan of wind turbines (at least 20 years), collisions are designated as a
permanent impact factor during the Operation and Maintenance phase. Turbines are not considered to be
spinning prior to the operation and maintenance phase and therefore no collisions above the surface occur
before operation.

Current Level of Development: None

There is no existing large-scale OFW turbine farm on the OCS of the United States. Accordingly, current
level of development is set as None for all ICFs.

Mitigation: Mitigation measures affecting artificial light can reduce above-surface collisions from birds
and bats and are discussed in Section 5.2. Other deterrence mitigation measures that can be used in
addition to light mitigation include acoustic, electromagnetic, and visual methods (Gartman et al. 2016).
Acoustic deterrence techniques include bird distress calls, pyrotechnics, and sounds of gunfire (Bishop et
al. 2003, Mascarenhas et al. 2015). Future testing of electromagnetic deterrence devices is needed,;
however, the microwave signals, magnets, or electromagnetic waves have been recommended as potential
forms of deterrence (Harris and Davis 1998, Johnson et al. 2007). Visual cues such as flashing, rotating,
strobe lights/lasers, or moving/shiny devices can be added to turbine fields to help reduce bird collisions
(Bishop et al. 2003, Clarke 2004, Cook et al. 2011, Gilsdorf et al. 2002, Mascarenhas et al. 2015). Current
investigations into visual deterrents and their effectiveness around wind turbines may result in updated
mitigation measures in the future.

A.2.4 Collisions, Entanglement Sub-Surface

Definition: Entanglement with sub-surface structures is defined as the detrimental effects of below-water
structures on biota unaccustomed to OFW turbines on the OCS, resulting in entanglement with the
anchoring structures or cable between turbines. In this instance, entanglements refer primarily to marine
mammal interactions with the inter-array cables and mooring lines below the turbines. Collisions with the
sub-surface portion of the tower structure are included here, as well. OFW turbines will use anchoring
technology generally similar to that used for offshore floating oil rig platforms. Impacts of entanglement
with offshore floating oil rigs are considered negligible (BOEM 2014b). However, due to the increased
density of tension cables in an OFW field, entanglement is considered a potential, though minor, ICF.

Areal Range: 12 — 50 km

The Areal Range minimum is assumed to be 12 km from shore because potential lease blocks in Hawaii
and California occur as close as 12 km to shore and collisions or entanglement with turbines, inter-array
cables, or mooring lines are not assumed to occur outside of lease block regions. The maximum areal
range is based on the maximum reported depth at which floating offshore wind construction can/has
occur(red). Maximum depth at which current OFW turbine technology could operate is approximately
1,000 m. In the areas requested for lease offshore of Hawaii and California, the 1,000-m depth contour
occurs approximately 40 — 50 km from shore (Progression Hawaii Offshore Wind Inc. 2015, Trident
Winds 2016). Therefore, the maximum areal range of sub-surface collision and entanglement impacts
corresponds to 12 — 50 km.

Depth Range: 0 — 1,000 m



Depth range is based on the deepest possible installation depth because mooring lines span the entire
water column from surface to seafloor.

Impact Scale:

e Site Assessment - Site-Specific
e Construction — Site-Specific
e Operation and Maintenance — Site-Specific

Impact Duration:

e Sijte Assessment — Short-Term
e Construction — Moderate
e Operation and Maintenance - Permanent

Given the extremely long lifespan of wind turbines (at least 20 years), entanglements are designated as a
permanent impact factor during operation. Entanglements may occur at any point during site assessment,
construction, and operation phases.

Current Level of Development: There is no existing large-scale OFW turbine farm on the OCS of the
United States. Accordingly, current level of development is set as None for all ICFs.

Mitigation: Entanglements with sub-surface tension cables are anticipated to occur infrequently. No
mitigation measures (e.g., deterrent sounds) are anticipated to be required. The anchoring method for
OFW turbines will be generally similar to existing technology used for offshore floating oil rig platforms,
for which mitigation measures are not employed (Adaramola 2015).

A.2.5 Electromagnetic Fields

Definition: The electromagnetic fields (EMF) ICF is defined as the adverse effects of EMF on
electromagnetically sensitive fish species such as elasmobranchs. Observed detrimental impacts
associated with EMF include changes in prey detection, predator detection, and navigation (Normandeau
et al. 2011). Although research into impacts of EMF on fish species is still in its infancy; numerous
studies have found minor negative interactions between fish species and EMF (Claisse et al. 2015).

Areal Range: 0 —50 km

The Areal Range minimum is assumed to be the shoreline (0 m) due to the existence of nearshore
transmission cables which travel to the offshore turbines. The maximum areal range is based on the
maximum reported depth at which OFW construction can/has occur(red). Maximum depth at which
current OFW turbine technology could operate is approximately 1,000 m. In the areas requested for lease
offshore of Hawaii and California, the 1,000-m depth contour occurs approximately 40 — 50 km from
shore (Progression Hawaii Offshore Wind Inc. 2015, Trident Winds 2016). Therefore, the maximum areal
range of EMF impacts extends from the 1,000-m depth contour distance shoreward.

Depth Range: 0 — 1,000 m

Depth Range is based on the deepest possible installation depth because subsea cables span the entire
water column from surface to seafloor.

Impact Scale:

e Site Assessment - Not Applicable
e Construction —Not Applicable
e Operation and Maintenance - Site-Specific



Impact Duration:

e Site Assessment — Not Applicable
e Construction — Not Applicable
e Operation and Maintenance - Permanent

Given the extremely long lifespan of wind turbines and their associated subsea cables (at least 20 years),
impacts from EMFs are designated as a permanent impact factor. Transmission of electricity is not
anticipated to occur until the operation and maintenance phase, therefore there are no impacts in the site
assessment or construction phases for EMF.

Current Level of Development: There is no existing large-scale OFW turbine farm on the OCS of the
United States. Accordingly, current level of development is set as None for all ICFs.

Mitigation: As research into EMF impacts is ongoing, there are no proposed mitigation methods. It is
likely that as technology progresses, cable sheathing technology may help to reduce EMF impacts in the
water column. If species-specific migratory impacts are found to be associated with EMF, potential time-
of-year restrictions for operation may need to be enacted.

A.2.6 Habitat Disturbance

Definition: Habitat disturbance refers to general benthic habitat disturbance (including sedimentation and
turbidity) and habitat displacement due to infrastructure placement including anchors and cables.

Areal Range: 0 — 50 km

The Areal Range minimum is assumed to be the shoreline (0 m) due to the existence of nearshore
transmission cables. The maximum areal range is based on the maximum reported depth at which OFW
construction can/has occur(red). Maximum depth at which current OFW turbine technology could operate
is approximately 1,000 m. In the areas requested for lease offshore of Hawaii and California, the 1,000-m
depth contour occurs approximately 40 — 50 km from shore (Progression Hawaii Offshore Wind Inc.
2015, Trident Winds 2016). Therefore, the maximum areal range of habitat disturbance/displacement
impacts extends from the 1,000-m depth contour distance shoreward.

Depth Range: 0 — 1,000 m
Habitat disturbance may occur at any depth where OFW turbines are installed or export cables traverse
the seafloor towards shore.

Impact Scale:

e Site Assessment - Site-Specific
e Construction — Site-Specific
e Operation and Maintenance — Site-Specific

Impact Duration:

e Site Assessment — Short-Term
e Construction — Moderate
e Operation and Maintenance - Permanent

Given the extremely long lifespan of wind turbines (at least 20 years), habitat disturbance is designated as
a permanent impact factor due to long-term displacement of habitats.

Current Level of Development: None

There is no existing large-scale OFW turbine farm on the OCS of the United States. Accordingly, current
level of development is set as None for all ICFs.



Mitigation: Habitat disturbance of the benthos occurs during the construction of OFW fields and remains
a persistent fixture through the life of the project. Habitat disturbance is mitigated through careful macro-
and micro-site planning. Although many siting decisions are made based on above-water characteristics
(e.g., vessel traffic, wind patterns, avian flight patterns), benthic habitats also play a role in where wind
fields and individual turbines are anchored. In general, sensitive benthic regions should be avoided when
possible, reducing potential impacts on habitats and associated species (Gartman et al. 2016).

A.2.7 Sound/Noise

Definition: The sound/noise ICF refers to the artificial sound and noise created by siting assessment,
construction, installation, and operation. The main drivers of sound and noise impacts for OFW include
vessel traffic noise and rotor operation. Pile driving can cause significant noise impacts, but OFW
construction does not use pile driving. Underwater noise assessment is still a relatively new field, with a
lack of understanding of population-level thresholds, inconsistent methods of characterization of the noise
source and modeling of propagation loss, and high uncertainty of risk and effect, particularly with respect
to fish and invertebrate populations (Farcas et al., 2016; Hawkins and Popper, 2017). However, noise
modeling at the Hornsea 3 fixed offshore wind farm (6 MW turbines) in the United Kingdom indicated
that operational noise from monopiles would cause injury to marine mammals within 10 m of the turbine,
and that sound levels were expected to return to ambient levels within a few hundred meters (Jrsted,
2018). Floating offshore wind turbine are expected to generate less underwater noise than turbine
foundations in contact with the seafloor, so noise effects may be of low concern during the operation and
maintenance phase for OFW, particularly when compared to vessel traffic noise during the site
assessment and construction phases.

Areal Range: 0 — 100 km

The Areal Range minimum is assumed to be the shoreline (0 m) for the sound/noise impact factor. This
assumption is based on the potential for noise-generating activities to occur up to the shoreline (e.g., cable
installation and vessel traffic) and on the low attenuation and long-distance sound wave propagation
through seawater (Rogers and Cox, 1988). Since it is not possible to generalize the distance traveled by
various noises in the underwater environment due to the effects of depth, salinity, and pressure on sound
propagation, the upper range for this ICF is based on the distance from shore in potential lease blocks
centered on the maximum reported depth at which OFW construction can/has occur(red). Maximum
depth at which current OFW turbine technology could operate is approximately 1,000 m. In the areas
requested for lease offshore of Hawaii and California, the 1,000-m depth contour occurs approximately 40
— 50 km from shore (Progression Hawaii Offshore Wind Inc. 2015, Trident Winds 2016). Therefore, the
maximum areal range of this ICF was assumed to occur within a 50-km radius of the 1,000-m depth
contour, or up to approximately 100 km from the shoreline.

Depth Range: -200 — 1,000 m

The depth range of the sound/noise impact factor is deemed to be from -200 to 1,000 m to include the
highest rotor height above mean sea level and the entire water column at the potential lease blocks.
Because anchor placement does not result in any persistent noise disturbance aside from ship operation,
only vessel traffic—related sound/noise in surface waters is considered for construction and installation.
The elevated sound from rotors is accounted for in the above-water portion of the depth range and
assumes that sound propagates throughout the entire water column below the lease blocks. The physics of
sound propagation in both air and water are complicated and will vary greatly based on weather and water
column conditions, so a more precise depth cannot be generalized.
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Impact Scale:

e Sijte Assessment — Small
e Construction — Small
e Operation and Maintenance - Small

Impact Duration:

e Site Assessment — Short-Term
e Construction — Short-Term
o Operation and Maintenance - Chronic

Two types of sound/noise are being considered in this assessment (vessel traffic during site assessment
and construction, and rotor noise during operation and maintenance phases), the greater frequency of
these two is used for impact characterization. Impact frequency rotor noise is considered to be chronic: a
sustained, long-term event for which effects are not significantly relaxed over time.

Current Level of Development: None

There is no existing large-scale OFW turbine farm on the OCS of the United States. Accordingly, current
level of development is set as None for all ICFs.

Mitigation: During the construction phase, impacts from noise on species in the water column are
mitigated through the use of passive acoustic monitoring or active monitoring such as Marine Mammal
Observers (Baily et al. 2010, 2014; Thompson et al. 2010) to alert construction operators to the presence
of sensitive species. Additionally, it is recommended that timing restrictions are implemented for
construction in order to reduce disturbance to critical functions such as breeding, migration, spawning,
calving, and feeding (Bergstrom et al. 2014, Drewitt and Langston 2006, SMRU 2009). Further
mitigation measures to reduce sound/noise impacts during construction are available including bubble
curtains, shell-in-shell systems, hydro sound dampers, and cofferdams (Bellman et al. 2015, Verfu3
2014). There are no planned mitigation measures for operational noise, which may have impacts on
marine mammals, fish, and benthos (Pine et al. 2014, van Opzeeland 2014).

A.2.8 Vessel Strikes (Surface and Sub-Surface)

Definition: Vessel strikes refer to the collision of a moving site assessment, construction, or maintenance
vessel with a marine mammal or turtle causing harm or mortality. Service vessel traffic during
construction and operation and maintenance of renewable energy projects is expected to be relatively high
based on maintenance trips described in lease applications and environmental statements for offshore
wind farms. The AlphaWindEnergy lease applications for the Northwest and South Oahu sites proposed
2-4 maintenance visits per turbine per year, which for a 400-MW farm comprised of 67 6-MW turbines
would involve a maximum estimate of 268 vessel trips per year (AW Hawaii Wind LLC, 2015a; 2015b).
For the Hornsea 3 fixed offshore wind farm in the United Kingdom, 2,822 return trips per year are
expected over 35 years of operation for the maximum design scenario, which is a 22% increase to the
baseline level of vessel activity (12,755 return trips per year; @rsted, 2018). In addition, the construction
phase could involve up to 10,774 return trips (drsted, 2018) for installation, transport, support, dredging,
and cable laying vessels. The Hornsea 3 environmental statement also summarized vessel movements
expected from several proposed or approved offshore wind farms, most of which ranged between
approximately 1,000 — 4,000 return trips per year. While these may be fixed turbines, it is possible that
maintenance trips for floating offshore wind will be on the same order of magnitude. Thus, offshore wind
development is likely to increase the chances of vessel strikes occurring with increased vessel traffic.
There have been documented reports of cetaceans being struck by ships in the oceans throughout the
world (Glass et al. 2008, Jensen and Silber 2004, Laist et al. 2001). Collisions with vessels greater than 80
m in length are usually either lethal or result in severe injuries (Laist et al. 2001). In addition, most ship
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strikes occur over or near the continental shelf. Collisions with vessels can cause major wounds on marine
mammals and/or be fatal. Debilitating injuries may have negative effects on a population through
impairment of reproductive output (MMS 2003).

Areal Range: 0 —50 km

The Areal Range minimum is assumed to be the shoreline (0 m) for the vessel strikes impact factor. This
assumption is based on the potential for increased vessel traffic between the offshore turbines and the
shore. The maximum areal range is based on the maximum reported depth at which OFW construction
can/has occur(red). Maximum depth at which current OFW turbine technology could operate is
approximately 1,000 m. In the areas requested for lease offshore of Hawaii and California, the 1,000-m
depth contour occurs approximately 40 — 50 km from shore (Progression Hawaii Offshore Wind Inc.
2015, Trident Winds 2016). Therefore, the maximum areal range of vessel strike impacts extends from
the 1,000-m depth contour distance shoreward.

Depth Range: 0—10m

The depth range of the vessel strike impact factor includes surface waters where vessels travel.
Impact Scale:

e Site Assessment — Site-Specific
e Construction — Site-Specific
e Operation and Maintenance - Site-Specific

Impact Duration:

e Site Assessment — Short-Term
e Construction — Short-Term
e Operation and Maintenance - Chronic

Current Level of Development: None

There is no existing large-scale OFW turbine farm on the OCS of the United States. Accordingly, current
level of development is set as None for all ICFs.

Mitigation: Vessel strikes are a major concern regarding marine mammals. During all stages of OFW
development (planning and siting, construction, operation, decommissioning), active observing and
passive acoustic monitoring techniques can be used to reduce the potential for vessel strikes. However,
because large OFW fields may aggregate vessel traffic outside of the operational area, there is an
additional possibility of increased vessel strikes in the surrounding area. There are no mitigation plans to
address this issue. Analyses by Vanderlaan and Taggart (2007) provide evidence that as vessel speeds fall
below 15 knots, there is a substantial decrease in the probability of a vessel strike killing a large whale,
although vessel strikes causing injuries were still shown to occur at slower speeds.
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Appendix B: Species Scoring Tables

B.1 Species Impact Parameters

The impact parameter is assessed using the same general ecological themes across all three species
groups; however, each theme is implemented in a manner appropriate to each group. The ecological
themes used in the assessment of impact potential are:

e Encounter - likelihood of overlap with ICFs (ICF) based on behaviors such as escape behavior,
time spent on the water surface, and attraction/avoidance responses to light/noise/chemicals.
Species more likely to encounter a given ICF are assumed to be more sensitive. Because each
respective ICF overlaps with species groups in unique ways, each interaction potential is
assessed.

e Concentration (Aggregation) — the degree to which a species aggregates in a given location.
Species that aggregate into large groupings are considered to be more vulnerable to certain ICFs
because a large portion of the population could be affected at once.

o Physiology - reflects certain physiological characteristics (e.g., fur) or sensitivities that may
affect the magnitude of impact.

o Flexibility (Feeding Specificity) — addresses how the effects of an ICF on lower trophic levels
may affect the species of interest. A species that feeds in a very specific ecological niche is more
vulnerable than a species that can readily switch between various forage items.

Each species group has a unique set of impact-scoring parameters that follow these ecological themes. For
each individual species assessed, the impact parameters are scored on a 0 to 5 scale with 5 indicating the
greatest negative impact potential from a spill and 0 indicating no impact. Assignments of impact
potential scores are based on input from previous sensitivity models, ICF and species research, and
professional judgement. Each impact potential assessment metric is set on the same 0 to 5 ranking scale,
but the overall influence of an assessment metric is also scaled by the impact magnitude of the associated
ICF. In instances where multiple scores are possible for a given species and parameter, the most
conservative (i.e., greater number) score is assigned. As the model user/researcher assigns the impact
potential assessment metric rank for a species, the selection is accompanied in the model database with a
written rationale for the assignment as well as all related references. These notes and references are also
held within the model database for future reference. The scoring schemes for each species group are
detailed in the following sections.

Species are assessed based on vulnerability to eight ICFs)
o Accidental Spills (AS);
o Artificial Light (AL);
e Collisions with Above Surface Structures (CAS);
o Collisions with Subsurface Structures, Entanglement (CSE);
o Electromagnetic Fields (EMF);
e Habitat Disturbance/Displacement (HD);
e Sound/Noise (S/N); and
e Vessel Strikes (VS).

Although the eight ICFs were selected based on impacts to the three species groups, some do not apply to
certain groups and were not included in the assessment metrics for that group (Table B-1). For example,
EMPF is an ICF of potential concern for fish and invertebrates because some of these species can detect
electric and magnetic fields for orientation, navigation, and predator/prey detection (Normandeau et al.
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2011). The addition of anthropogenic EMF from submarine cables associated with wind farms may
disrupt the senses required for basic function (i.e., prey detection and predator avoidance) and negatively
impact survival. The EMF ICF was only included in assessment metrics for fish and invertebrates because
there is little evidence in the literature that marine mammals are electrosensitive, and therefore there is no
associated impact to model. In addition, because EMF produced by submarine cables decreases with
distance and are buried in the seafloor, there would be no impact to birds and bats flying above the
surface.

Table B-1. ICFs that are assessed for each species group. “X” indicates that an ICF was assessed

Assessed ICFs

Species Group AS AL CAS CSE EMF HD SIN VS
Birds / Bats X X X X X
Marine Mammals / Sea Turtles X X X X X
Fish / Invertebrates X X X X X X

Different scoring equations were developed for each ICF to capture all the impacts assessed in the metrics
relevant to each ICF and species group. For example, the scoring equation for accidental spills impacts on
birds and bats incorporated the species-specific rankings of the following assessment metrics: night
roosting behavior (NR); feeding method (FM); avoidance behavior (MA); population aggregation
behavior (AGG); and habitat flexibility (HF). The ICF score of accidental oil spills for NR of the surface
seabird Scripps’s murrelet was 5 because this species roosts on the water surface (was ranked ‘5’ for this
assessment metric, which translates to an AS score of 5 in the NR scoring table) and would be severely
impacted by an oil spill on the water’s surface. Note the night roosting behavior on the water surface
would make Scripps’s murrelet similarly vulnerable to impacts from artificial light and sound/noise, as
well (Table B-2). The impact score for accidental spills was the sum of all the individual assessment
metric ICF scores divided by the maximum impact score (sum of the highest impact score for all
assessment metrics). In this example for Scripps’s murrelet, the accidental spill equation was:

ASgs = (NR (5) + MA (0) + FM (5) + AGG (3) + HF (3))/25;

and the raw AS score was 0.64 out of a maximum possible score of 1. In the model, this value is next
multiplied by the impact magnitude for accidental spills during site assessment, construction, and
operation and maintenance and those answers were summed for each ICF. The accidental spill impact
score for Scripps’s murrelet summed for all project phases was 5.18, out of a maximum hypothetical
score of 8.10.

In comparison, the equation for bald eagle, a raptor that only occasionally interacts with the water’s
surface for feeding but not for roosting, was:

ASps = (NR (1) + MA (0) + FM (5) + AGG (1) + HF (1))/25;

and the raw AS score was 0.32. The accidental spill impact score for bald eagle summed for all project
phases was 2.59, out of a maximum hypothetical score of 8.10. The difference in scores between these
two bird species demonstrates the variation in ICF vulnerability based on their ecological niches.
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Table B-2. Birds and bats night roosting assessments for encounter impact during all project

phases
Ranking Score - (6= segies
Category Category Description AS AL CAS CSE EMF HD SI/IN VS
(5) Nearly always Species nearly always roosts
roosts on);ffsho)r/e on offshore marine waters, 5 _ B _ 3 3

marine waters

(4) Roosts on shallow
marine water
nearshore or in
nearshore habitats

(3) Spends minimal
time roosting on
marine waters

(2) Never roosts on
water

with exceptions during
breeding season.

Species actively roosts on
shallow marine waters or
nearshore habitats like
marshes or mudflats.

Species actively roosts on
land but may spend a small
amount of time roosting on
marine waters.

Species does not roost on
marine waters in Study area.

Table B-3 provides a list of the different assessment metrics used to evaluate the four ecological themes

(encounter, concentration, physiology, and flexibility) for each species group. Most of the remaining
tables in this appendix contain scoring schemes designed to reflect generalized potential impacts from
each individual ICF on each species. Finally, tables are provided for the impact scoring equations for each
ICF and species grouping.
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Table B-3. Impact parameters and metrics assessed for each species group

Species Group

Marine Mammals /
Sea Turtles (MT)

Birds / Bats (BB)

Fish / Invertebrates

(F1)

Impact Parameter

Encounter

Concentration
Physiology

Flexibility

Encounter

Concentration
Physiology
Flexibility

Encounter

Concentration

Physiology

Flexibility

Assessment Metric

- Habitat Use (HU)
- Macro-Avoidance/Attraction (MA)
- Feeding Method (FM)

- Aggregation (AGG)

- Sensitive Features (SNF)
- Sound Sensitivity (SS)

- Habitat Flexibility

- Time in Rotor Sweep Zone
- Nocturnal Flight Activity

- Diurnal Flight Activity

- Macro-Avoidance/Attraction
- Night Roosting

- Feeding Method

- Aggregation

- Light Sensitivity
- Habitat Flexibility

- Egg Location

- Larval Location
- Juvenile/Adult Location
- Macro-Avoidance/Attraction

- Movements

- Feeding Method

- Aggregation

- Predator Detection

- Prey Detection

- Navigation/Migration
- Sound Sensitivity

- Habitat Flexibility
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B.2 Marine Mammals / Sea Turtles Scoring Tables

B.2.1 MT - Encounter — Habitat Use (HU)

Table B-4. Marine mammal and sea turtle habitat use assessments for encounter impact during all
project phases

Ranking Score -
Category

(5) Entire life
history spent in
marine habitats
(water column)
and species
actively utilizes
sediment habitat

(4) Entire life
history spent in
marine habitats
(water column)
(no sediment use)

(3) All orlarge
portion of time
spent on water
surface

(2) Allorlarge
portion of time
spent on
shoreline

(1) Life history
not entirely
dependent on
marine/shoreline
habitats

Category Description

Species uses pelagic water
column and marine sediment as
main habitat.

Species uses pelagic water
column as main habitat. Water
surface is used for breathing or
occasional excursions only.

Species maintains contact with
water surface and/or uppermost
water column (top few meters)
for most of its daily activity.

Species actively utilizes
shoreline, intertidal, and
nearshore subtidal habitats for
most of its daily activity.

A portion of species life history
is not dependent on marine
habitats. May spend extensive
amount of time inland.

ICF Scores

AS AL CAS CSE EMF HD S/N VS

33 -
3.3 -
5 5 -
4 1 -
11 -

5 -- 5 5 2
5 -- 4 5 3
4 -- 3 5 5
2 -- 2 1 1
1 -- 1 1 1

The preferred habitat of a species directly associates that species with different parts of the water column
and seabed. Each respective ICF affects different parts of the water column and seabed uniquely.
Therefore, a species’ preferred habitat may increase or decrease the likelihood of impact with a given
impact factor. Greater scores are assigned to HU categories that increase encounter rates with given ICFs.
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B.2.2 MT - Encounter — Macro-Avoidance / Attraction (MA)

Table B-5. Marine mammal and sea turtle macro-avoidance / attraction assessments for encounter

impact during all project phases

Ranking Score -

Category

(5) Highly
attracted.

(4) Somewhat
attracted.

(3) Neither
attracted nor
avoidant.

(2) Somewhat
avoidant.

(1) Highly
avoidant.

While research exploring the avoidance habits of marine mammals and turtles to OFW is still in its
infancy, it remains an important concept to consider within the model. Species that have been found to
actively avoid OFW are less likely to be negatively impacted by accidental spills, artificial light, subsea
entanglements, and sound/noise. In contrast, species that actively avoid OFW are more adversely affected
by habitat disturbance/displacement. This Assessment Metric has been derived directly from Adams et al.

Category Description

Species has been documented
as highly attracted to OFW or
other open water structures.

Species may be attracted to
OFW, some evidence of slight
attraction.

Species is neither attracted to
nor avoids OFW, or status is
unknown.

Species may avoid OFW, some
evidence of slight avoidance.

Species avoids OFW or other
offshore construction or
structures at a high rate.

(2016) as designed for bird impacts.
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B.2.3 MT - Encounter — Feeding Method (FM)

Table B-6. Marine mammal and sea turtle feeding method assessments for encounter impact
during all project phases

. ICF Scores
Ranking Score -
Category Category Description AS | AL CAS CSE EMF HD S/N VS

Species feeds at the water
surface and/or uppermost water | 5 5 -- - - 5 5 -
column (top few meters).

(5) Feeds at
surface.

Species utilizes filter-feeding
strategies to extract plankton 3 3 -- -- -- 3 3 --
from water column.

(4) Filter feeder
(water column).

(3) Forages in Species extracts infauna from

benthic or grazes algae/seaweed on 1 1 -- -- -- 1 1 --
sediments. benthic substrates.

(2) Pelagic Species is a pelagic piscivore y 1 _ _ _ 3 3 _
piscivore. or pelagic scavenger.

The feeding method employed by a species directly informs both where in the water column a species
will be foraging as well as what OFW ICFs may directly impact that species’ feeding methods. Species
feeding directly at the surface or within the water column are more detrimentally impacted by habitat
disturbance/displacement than those species primarily occupying benthic habitats because the turbines
occupy the uppermost water column. Accidental spills, artificial light, and sound/noise are most likely to
negatively impact species that feed at the surface due to increased encounter rate from proximity to the
turbines. While it is likely that a species’ feeding method may affect its likelihood of entanglement (e.g., a
benthic feeding species becoming entangled in a marine cable or anchor tethers), there is inadequate
research to distinguish differences among feeding methods and correlations with entanglements.
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B.2.4 MT - Concentration — Aggregation (AGG)

Table B-7. Marine mammal and sea turtle aggregation assessments for concentration impact
during all project phases

ICF Scores
AS | AL CAS CSE EMF HD S/N VS

Ranking Score -

Category Category Description

(5) Forms
persistent large

While in Study area, species

aggregations in forms persistent large colonies 5 | - - - - 5 5
Study area or aggregations.
(4) Forms While in Study area, species

ersistent small forms persistent small
g reqations or aggregations or seasonal

9greg (usually breeding- or feeding-
seasonal/ ) 3 - - — - 3 3
transient related) qolonles or
aggregations in aggregations. Large
Studv area colonies/aggregations do not

y persist throughout the year.

(3) Solitary or While in Study area, species is
mostly solitary in | solitary, or forms very small 1 -- -- -- - 1 1

Study area

transient groups.

Species that form large aggregations are more likely to be significantly impacted by accidental spills
(Niedoroda et al. 2014), entanglements, sound/noise, and vessel strikes because these events can displace,
injure, or kill a substantial proportion of the population all at once (Jensen and Silber 2003). Species that

are more solitary are less likely to have population level impacts from OFW.
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B.2.5 MT - Physiology — Sensitive Features (SNF)

Table B-8. Marine mammals and sea turtles sensitive feature assessments for physiology impact
during all project phases

. ICF Scores
Ranking Score -
Category Category Description AS | AL CAS CSE EMF HD S/N VS
(5) Uses fur for Species uses fur as a primary 5 _ _ _ _ _ _ _
thermoregulation | mean of thermoregulation.
(4) Does notuse | Species does not use furas a
fur for primary mean of 0 -- -- -- -- -- -- --
thermoregulation | thermoregulation.
Species uses echolocation or is
(3) Echolocation | otherwise reliant on sound for L _ 5 _ _ 5 _
or sound reliance | feeding, communication, or
travel.
Species does not use
(2) No :
. echolocation or other sounds
echolocation or ) L -- - -- 0 - -- 0 --
. for feeding, communication, or
sound reliance travel

The physiology of a species may affect how that species is impacted by OFW. Fur-bearing marine
mammals have been shown to be more significantly impacted by oil and chemical spills than those that do
not use fur for thermal regulation (Hansen 1985). Species that utilize echolocation or other sounds for
feeding, communication, or travel are more likely to be vulnerable to sound/noise effects and may have
increased potential for entanglements when their perception of the environment or communications are
masked by anthropogenic noise (Erbe et al., 2016). In addition, echolocating cetaceans can become
acoustically blind to objects farther away than their intended prey when they are actively feeding, which
could limit their ability to detect obstacles in time to avoid them (Wilson et al., 2007).
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B.2.6 MT - Physiology — Sound Sensitivity (SS)

Table B-9. Marine mammals and sea turtles sound sensitivity assessments for physiology impact
during Operation and Maintenance phase only

: ICF Scores

Ranking Score -

Category Category Description AS AL CAS CSE EMF HD S/N VS
(5) Low- Baleen whales, assumed to
frequency have a generalized hearing -- -- -- -- -- -- 5 --
cetacean range of 7 Hz to 35 kHz

Dolphins, toothed whales,

(4) Mid- beaked whales, bottlenose
frequency whales, assumed to have a -- -- -- -- -- -- 3 --
cetacean generalized hearing range of

150 Hz to 160 kHz

True porpoises, Kogia, river
(3) High- dolphins, cephalorhynchid, and
9 hourglass and Peale’s dolphins,

frequency assumed to have a generalized =~ | - - - - 1 -

cetacean hearing range of 275 Hz to 160

kHz

. True seals, assumed to have a

(2”)1 n?r;%c'd generalized hearing range of 50 | -- -- -- -- -- -- 5 --
pinnip Hz to 86 kHz

Sea lions and fur seals,
(1) Otariid assumed to have a generalized = _ _ _ _ _ 5 _
pinniped hearing range of 60 Hz to

39 kHz

Sea turtles, assumed to have a

generalized hearing range of _ _ _ _ _ _ _
(0) Sea turtle 100 to 800 Hz, with an upper 3

limit of 2 kHz

Hearing ranges from Popper et al., (2014) and NMFS (2016).

Sound sensitivity varies between species, and can dictate how impacted a species will be to underwater
anthropogenic noise. Artificial noise created by increased vessel traffic and turbines in OFW areas may
lead to avoidance behaviors or mask biologically important noises, potentially reducing breeding and
foraging abilities of some species (Thomsen et al. 2006). Species that can hear lower frequency sounds
below 100 Hz, like baleen whales and pinnipeds, are likely to be more vulnerable to OFW noise because
turbines emit low frequency noise over the life of the project and may mask communication; however,
noise impact assessment involves a lot of uncertainty (Farcas et al., 2016).
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B.2.7 MT — Habitat Flexibility — Habitat Flexibility (HF)

Table B-10. Marine mammal and sea turtle habitat flexibility assessments for trophic impact
during Operation and Maintenance phase only

. ICF Scores
Ranking Score -
Category Category Description AS | AL CAS CSE EMF HD S/N VS
Species has very habitat- and
(5) Highly prey-specific requirements and
specialized little flexibility in foraging range, 5 -- -- -- -- 5 -- --
(narrow) foraging behavior, habitat

selection, or diet.

Species shoes some grade of
behavior between highly 3 -- -- -- -- 3 -- --
specialized and generalist.

(4) Moderately
adaptable

Species uses a wide range of
foraging habitats over a large

area. Species is an y
opportunistic forager and has

the ability to switch among prey
types based on availability.

(3) Generalist

Marine mammals and sea turtles exhibit varying degrees of habitat flexibility. Some species depend on
specific prey in specific locations, while others have high habitat flexibility and are generalists. Species
with highly specialized habitat and prey needs are more likely to be negatively impacted by OFW than

generalist species. This metric has been directly adapted from Adams et al. 2016.
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B.2.8 MT - Scoring Equations

Table B-11. Marine mammal and sea turtle impact potential scoring equations for each ICF

ICF Scoring Equation

AS ASyyr = (HU + MA + FM + AGG + SNF + HF)/30
AL ALyyr = (HU + MA + FM) /15
CAS -
CSE CSEymr = (HU + MA + AGG + SNF)/20
EMF -

HD HDyyr = (HU + MA + FM + HF)/20

SIN SNymr = (FM + HU 4+ MA + AGG + SNF + $5)/30
VS VSyumr = (HU + MA 4+ AGG )/15

B.3 Birds / Bats Scoring Tables

B.3.1 BB - Encounter — Rotor Sweep Zone (RS2)

Table B-12. Birds and bats percent of time in rotor sweep zone assessments for encounter impact
during Operation and Maintenance phase only

Ranking Score - (LF Sl
Category Category Description AS AL CAS CSE EMF HD | S/IN VS
Species frequently travels at _ B B B N
(5) >20 Percent height of turbine blades 5 5 5
(4) 5-20 Percent Species infrequently travels at _ 4 3 B . B 4 N

height of turbine blades

Species rarely or never travels
(3) <5 Percent height of turbine blades =] 1 - - ~- ] -

(2) ~0 Percent All or large portion of time spent = 1 0 _ _ B 1 3
on shoreline

The amount of time a bird spends flying at the same height as the sweeping zone of the turbine blades will
influence its probability of collision. This assessment metric has been modified from Adams et al. (2016)
to also include impacts related to Artificial Light and Sound/Noise. Bird species that frequently migrate
or forage over water at heights between 0 and 200 m will be the most at risk for collision or disturbance
from artificial light and noise. Alternatively, if a bird species spends all or most of its time onshore, there
would be no risk of collision with rotor sweep; however, there still may be slight disturbance from
artificial light and noise onshore. Due to the large variability in percentage of time spent in the RSZ, data
uncertainty is likely high for this metric for all species assessed.
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B.3.2 BB - Encounter — Nocturnal Flight Activity (NFA)

Table B-13. Birds and bats nocturnal flight activity assessments for encounter impact during
Operation and Maintenance phase only

. ICF Scores
Ranking Score -
Category Category Description AS AL CAS CSE EMF HD S/N VS
A very low percentage of time
(5) 0-20 Percent | spent flying/migrating during -- 1 1 -- - -- -- --
night hours.
A low percentage of time spent
(4) 21-40 . C . ; _ _ _ _ _ _
Percent 1:y|ng/m|grat|ng during night 2 2
ours.
(3) 41-60 A moder_ate pgrceptage of time
Percent spent flying/migrating during -- 3 3 -- -- -- -- --
night hours.
X SR it e PR AR SR SO B
Percent h
ours.
) A very high percentage of time
I(31e)r(§3e1nt1 00 spent flying/migrating during -- 5 5 -- -- -- -- --
night hours.

The amount of time that a species spends in flight during nighttime hours has been associated with its
collision vulnerability (see review in Adams et al. 2016). This assessment metric has been modified from
Adams et al. (2016) to also include impacts related to Artificial Light. Collisions caused by reduced
visibility at night and navigational confusion induced by artificial lights on turbines will most severely
impact bird species that frequently travel at night.
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B.3.3 BB - Encounter — Diurnal Flight Activity (DFA)

Table B-14. Birds and bats diurnal flight activity assessments for encounter impact during
Operation and Maintenance phase only

. ICF Scores
Ranking Score -
Category Category Description AS | AL CAS CSE EMF HD S/N VS

A very low percentage of time
(5) 0-20 Percent | spent flying/migrating during -- -- 1 -- -- -- -- --
daylight hours.

A low percentage of time spent

I(je)rcztgr;t‘lo flying/migrating during daylight -- -- 2 -- -- -- -- --
hours.
A moderate percentage of time

(Is’e)r:;rfo spent flying/migrating during - | - 3 -- -- -- -- --
daylight hours.

(2) 61-80 A high percentage of time spent

Percent flying/migrating during daylight -- -- 4 -- -- -- -- --
hours.

) A very high percentage of time
ge)rc?;ng 00 spent flying/migrating during -- -- 5 -- -- -- -- --

daylight hours.

The amount of time that a species spends in flight during daylight hours has been associated with its
collision vulnerability (see review in Adams et al. 2016). This assessment metric has been derived
directly from Adams et al. (2016). When calculating the CAS metric, DFA contributes 50% as much to
the final score compared with NFA as it is assumed species avoidance capabilities are greater during the
daylight.
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B.3.4 BB - Encounter — Macro-Avoidance / Attraction (MA)

Table B-15. Birds and bats macro-avoidance assessments for encounter impact during all project

phases
Ranking Score - ICF Scores
Category Category Description AS | AL CAS CSE EMF HD SIN | VS

Species has been documented
as highly attracted to OFW or 5 5 5 -- -~ 5 5 --
other open water structures.

(5) Highly
attracted.

(4) Somewhat Species may be attracted to

OFW, some evidence of slight 3 3 3 -- -- 3 3 --
attracted. .

attraction.
(3) Neither Species is neither attracted to
attracted nor nor avoids OFW, or status is 3 3 3 - - 0 3 --
avoidant. unknown.

(2) Somewhat Species may avoid OFW, some
. s ; : 2 2 2
avoidant. evidence of slight avoidance.

Species avoids OFW or other
offshore construction or 0 0 0 - - 5 0 --
structures at a high rate.

(1) Highly
avoidant.

Numerous studies in recent years have increased our knowledge of seabird avoidance of OFW (see
review in Adams et al. 2016). Species that have been found to actively avoid OFW are less likely to be
negatively impacted by collisions with rotors. In contrast, species that actively avoid OFW are more
adversely affected by habitat disturbance/displacement. This assessment metric has been derived directly
from Adams et al. (2016).
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B.3.5 BB - Encounter — Night Roosting (NR)

Table B-16. Birds and bats night roosting assessments for encounter impact during all project

phases
Ranking Score - ICF Scores
Category Category Description AS AL CAS CSE EMF HD S/N VS

(5) Nearly always Species nearly always

roosts on offshore marine
roosts on offshore ith . 5 5 -- -- - - 5 -~
marine waters waters, with exceptions

during breeding season.

(4) Roosts on . .
) Species actively roosts on
shallow marine .
shallow marine waters or
water nearshore i ; 3 1 - - - - 1 --
. nearshore habitats like
or in nearshore

marshes or mudflats.

habitats

(3) Spends Species actively roosts on

minimal time land but may spend a small 1 2 _ _ _ _ 2 _
roosting on amount of time roosting on

marine waters marine waters.

(2) Never roosts | Species does not roost on 0 0 _ _ _ _ 0 _

on marine waters | marine waters.

Species that roost at night on marine waters are more likely to be negatively impacted by accidental spills,
artificial lighting, and sound/noise. Surface slicks from accidental spills are more likely to impact species
that roost on the water surface, especially in large groups, due to greater chance of encounter. Likewise,
the negative impact of artificial light and sound/noise will be particularly emphasized for those species
that roost at night near turbines due to increased exposure.
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B.3.6 BB - Encounter — Feeding Method (FM)

Table B-17. Birds and bat feeding method assessments for encounter impact during all project

phases
Ranking Score - [CF SEaIEs

Category Category Description AS AL CAS CSE EMF HD  SIN | VS
(5) Feeds from Species feeds at the water
surface waters (< 10 surface and/or uppermost 5 5 . B . 5 5 3
m deep) water column (top 10

P meters).
4) Dives belo
(su)rfacl\é to feedV\;rom Species dives below the
deeper portions of surface to feed from deeper 3 4 _ _ _ 4 4 B

portions of the water column

the water column
or benthos.

(> 10 m deep)
Species extracts infauna

from intertidal sediments 1 1 -- -- -- 1 1 --
(disturbs substrate).

(3) Forages in
intertidal sediments

(2) Does not forage | Species feeds primarily over
from estuarine or land or from freshwater 0 0 -- -- -- 0 0 --
marine habitat sources.

The feeding method employed by a species directly informs both where on the surface or in the water
column a species will be foraging as well as what OFW ICFs may directly impact that species’ feeding
methods. Species feeding directly at the surface or diving below the surface to feed on benthos are more
detrimentally impacted by habitat disturbance than those species primarily feeding in intertidal areas or
over land. Accidental spills and artificial light are most likely to negatively impact species that feed on
surface waters offshore by increasing the encounter rate.
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B.3.7 BB - Concentration — Aggregation (AGG)

Table B-18. Birds and bat aggregation assessments for concentration impact during all project

phases
Ranking Score - ICF Scores
Category Category Description AS | AL CAS CSE EMF HD S/N VS
(5) Forms persistent | While in Study area, species
large aggregations maintains large flocks or 5 5 5 - - -- 5 --

in Study area colonies.

While in Study area, species

forms persistent small flocks

or seasonal (usually

breeding- or feeding-related) | 3 3 3 -- -- -- 3 --

(4) Forms persistent
small aggregations
or seasonal/

transient .
aggregations in colonies. La.rge .
flocks/colonies do not persist
Study area
year-round.
(3) Solitary or While in Study area, species
mostly solitary in is solitary, or forms very 1 1 1 -- -- -- 1 --
Study area small transient groups.

Species that form large aggregations offshore are more likely to be significantly impacted by accidental
spills (Niedoroda et al. 2014), artificial light, collisions, and sound/noise because these events can
displace, injure, or kill a substantial proportion of the population at once. Species that are more solitary
are less likely to have population level impacts from OFW. For instance, communication is likely more
important in large aggregations and communication cues, like predator alarm calls, may be masked by
turbine noise.
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B.3.8 BB - Physiology — Light Sensitivity (LS)

Table B-19. Bird and bat sensitive feature assessments for physiology impact during Operation
and Maintenance phase only

Ranking Score -
Category

(5) Species forages
for bioluminescent
prey or makes
nocturnal migrations
over marine water
using celestial
patterns

(4) Species makes
nocturnal migrations
but use of celestial

patterns is unknown,

or bioluminescent
prey only small part
of diet

(3) Does not make
major migrations or
consume
bioluminescent prey

Category Description

While in Study area, species
forages for bioluminescent

prey and/or makes nocturnal
flights (for foraging or --
breeding purposes) over

marine waters using celestial
patterns to navigate.

While in Study area, species
makes nocturnal flights (for
foraging or breeding
purposes) but use of
celestial patterns for
navigation is unknown -or
the proportion of the species
diet which consists of
bioluminescent prey is low or
unknown.

While in Study area, species
does not make nocturnal
flights or forage for
bioluminescent prey.

ICF Scores

AS AL CAS CSE EMF HD S/N VS

Species that rely on light cues for foraging or navigation are more likely to be impacted by artificial light,
collision, and habitat disturbance. Attraction to artificial light has been documented in bird species that
forage for bioluminescent prey or that use celestial patterns during nocturnal migrations (Montevecchi
2006). Bird species that are attracted to signaling lights on turbines have increased risk of collision and
often get lost or disoriented during migrations.
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B.3.9 BB — Habitat Flexibility — Habitat Flexibility (HF)

Table B-20. Birds and bats habitat flexibility assessments for trophic impact during Operation and
Maintenance phase only

. ICF Scores
Ranking Score -
Category Category Description AS | AL CAS CSE EMF HD S/N VS
Species has very habitat- and
(5) Highly prey-specific requirements
specialized and little flexibility in foraging 5 -- -- -- -- 5 -- --
(narrow) range, foraging behavior,

habitat selection, or diet.

Species shoes some grade of
behavior between highly 3 -- -- -- -- 3 -- --
specialized and generalist.

(4) Moderately
adaptable

Species uses a wide range of
foraging habitats over a large
area. Species is an
(3) Generalist opportunistic forager and has 1 -- -- -- -- 1 -- --
the ability to switch among
prey types based on
availability.

Seabirds exhibit varying degrees of habitat flexibility. Some species depend on specific prey in specific
locations, while others have high habitat flexibility and are generalists. Species with highly specialized
habitat and prey needs are more likely to be negatively impacted by OFW than generalist species. This
metric has been directly adapted from Adams et al. (2016).

35



B.3.10 BB - Scoring Equations

Table B-21. Birds and bats impact potential scoring equations for each ICF

ICF Scoring Equation
AS ASgp = (NR+ MA+ FM + AGG + HF)/25
AL ALgp = (RSZ + NFA + NR + MA + FM + AGG + LS)/35
2xNFA)+ DFA
CAS CASpp = ((( i 3) ) + RSZ + MA + AGG + LS) /25
CSE -
EMF -
HD HDgp = (FM + HF + MA + LS)/20
SIN SNgg = (RSZ + MA + NR + FM + AGG)/25
VS
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B.4 Fish /Invertebrates Scoring Tables

B.4.1 Fl-Encounter — Egg Location (EL)

Table B-22. Fish and invertebrate egg location assessments for encounter impact during all
project phases

. ICF Scores
Ranking Score -
Category Category Description AS AL CAS CSE EMF HD SIN | VS
Eggs are primarily neustonic or
: often in the surface waters,
(5) Neustonic occupying the top 50 m (i.e., S| - h h - 1 T T
wave mixing zone).
(4) Eggs occupy estuarine waters 1 _ _ _ _ 1 _ _
Estuarine/brackish | or river mouths.
Eggs are buoyant and occupy
. . the upper water column, but
(3) Epipelagic primarily below the mixing zone 3] - - - - 1 T T
(~50—-200 m).
Eggs are neutrally buoyant and
(2) Pelagic occupy the mid-water column 0 -- -- -- -- 0 -- --

(below 200 m).

Eggs are semi-demersal,
demersal, or adhered to benthic | 0 -- - - -- 3 - --
substrates in subtidal habitats.

(1) Demersal or
semi-demersal

Species does not have an

external egg life stage, or eggs 0
occupy freshwater

environments.

(0) In freshwater
or life stage not
applicable

The habitat location of fish and invertebrate egg deposition directly associates that species with different
parts of the water column and seabed. Each respective ICF affects different parts of the water column and
seabed uniquely, accidental spills from OFW are most likely to originate as surface spills and would
therefore most prominently impact neustonic eggs (BOEM 2012). Therefore, a species preferred habitat
may increase or decrease the likelihood of impact with a given impact factor.
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B.4.2 FI-Encounter — Larval Location (LL)

Table B-23. Fish and invertebrate larval location assessments for encounter impact during all

project phases

Ranking Score -
Category

(5) Neustonic

(4)

Estuarine/brackish

(3) Epipelagic

(2) Pelagic

(1) Demersal or
semi-demersal

(0) In freshwater
or life stage not
applicable

The preferred habitat of a species larval stage directly associates that species with different parts of the
water column and seabed. Each respective ICF affects different parts of the water column and seabed

Category Description

Larvae are primarily neustonic
or often in the surface waters,
occupying the top 50 m (i.e.,
wave mixing zone).

Larvae occupy estuarine waters
or river mouths.

Larvae occupy the upper water
column, but primarily below the
mixing zone (~50-200 m).

Larvae mainly occupy the mid-
water column (below 200 m).

Larvae are semi-demersal,
demersal, or benthic in subtidal
habitats.

Species does not have a larval
life stage, or larvae occupy
freshwater environments.

ICF Scores

AS AL CAS CSE EMF HD S/N VS

5 5 | -
1.0 -
33 -
o 0| -
o 0 -
o 0 -

uniquely, therefore a species’ preferred habitat may increase or decrease the likelihood of impact with a
given impact factor. Accidental spills from OFW are most likely to originate as surface spills and would

therefore most prominently impact neustonic larvae (BOEM 2012). Some larval fish species undergo

daily vertical migrations that are typically cued by photosensitive responses to day and night. Artificial
light from turbines could confuse these migratory responses and lead to migrations that occur outside of

the optimal window for that species (Gibson et al. 2001). In addition, because EMF produced by

submarine cables decreases with distance, only larval fish that directly utilize demersal habitats are likely
to be impacted (Normandeau et al. 2011).

38



B.4.3 FI- Encounter — Juvenile / Adult Location (JAL)

Table B-24. Fish and invertebrate juvenile\adult location assessments for encounter impact during
all project phases

. ICF Scores
Ranking Score -
Category Category Description AS AL CAS CSE EMF HD SIN | VS
(5) Neustonic Juveniles/adults are neustonic. 5 5 -- -- 1 1 -- --
Juveniles/adults occupy
(4) . X B _ _ .
. . estuarine waters or river 1 0 1 1
Estuarine/brackish
mouths.
Juveniles/adults mainly occupy
(3) Epipelagic the upper water column (0-200 3 3 -- -- 0 1 -- --
m).
Juveniles/adults mainly occupy
(2) Pelagic the mid-water column (below 0 0 -- -- 0 0 -- --
200 m).
(1) Demersal or Juveniles/adults are semi-
demersal, demersal, or benthic 0 0 -- -- 5 3 -- --

semi-demersal in subtidal habitats.

Juveniles/adults exclusively
(0) In freshwater occupy freshwater 0 0 -- -- 0 0 -- --
environments.

The preferred habitat of a species’ adult stage directly associates that species with different parts of the
water column and seabed. Each respective ICF affects different parts of the water column and seabed
uniquely; therefore, a species’ preferred habitat may increase or decrease the likelihood of impact with a
given impact factor. Accidental spills from OFW are most likely to originate as surface spills and would
therefore most prominently impact neustonic fish (BOEM 2012). Neustonic fish species are also more
likely to be negatively impacted from surface originating artificial light. EMF will most prominently
impact demersal fish species as marine cables will be laid on the seafloor.
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B.4.4 FI - Encounter — Macro-Avoidance / Attraction (MA)

Table B-25. Fish and invertebrate macro-avoidance/attraction assessments for encounter impact
during all project phases

. ICF Scores
Ranking Score -
Category Category Description AS | AL CAS CSE EMF HD S/N VS

Species has been documented
as highly attracted to OFW or 5 5 -- - - 5 5 -
other open water structures.

(5) Highly
attracted.

(4) Somewhat Species may be attracted to

OFW, some evidence of slight 3 3 -- -- -- 3 3 --
attracted. ;

attraction.
(3) Neither Species is neither attracted to
attracted nor nor avoids OFW, or status is 3 3 -- -- -- 0 3 --
avoidant. unknown.
(2) Somewhat Species may avoid OFW, some

. g ; . 2 -- - -- 3 2 -

avoidant. evidence of slight avoidance.

(1) Highl Species avoids OFW or other
AVOi dagnt y offshore construction or 0 0 - -- - 5 0 --
' structures at a high rate.

The introduction of floating turbines in offshore areas would change open-water habitat from non-
structure oriented to a structure oriented system. Pelagic fish species that associate with structure will be
more attracted to OFW than demersal or avoidant species. Fish species that are attracted to the turbines
are more likely to be significantly impacted by accidental spills, artificial light, and sound/noise. In
addition, turbines may attract increase predator concentration and reduce the amount of safe habitat for
some species. Species that are highly avoidant to artificial structure are less likely to be impacted by
accidental spills, artificial light or sound/noise but would lose habitat and be displaced from the OFW
areas.
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B.4.5 FI- Encounter — Movement (MV)

Table B-26. Fish and invertebrate movement assessments for encounter impact during all project

phases
Ranking Score - IEF seares
Category Category Description AS | AL CAS CSE EMF HD S/N VS

Species is incapable, or

(5) minimally capable, of directed 5 3 N 3 .

Drifting/planktonic | swimming, and drifts with ocean
currents.

(4) Stationary Species is stationary on the 5 0 N N B 3 B B
seafloor.

(3) Slow moving Species swims slowly or moves 3 3 3 N B N B B
only small distances.

(2) Fast moving Species is fast-swimming, or

or large home 1 1 - - - - - -

has a large home range.
range

A species’ ability, or lack of ability to move directly affects that species’ ability to avoid an ICF.
Immobile (stationary) species are incapable of avoiding ICFs. Likewise, those species that are planktonic
are more likely to spend increased amounts of time in contact with ICFs at the surface. Fast-moving
species or species with large home ranges will be less impacted because they can avoid impacted areas.
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B.4.6 FI- Encounter — Feeding Method (FM)

Table B-27. Fish and invertebrate feeding method assessments for encounter impact during all
project phases

. ICF Scores
Ranking Score -
Category Category Description AS | AL CAS CSE EMF HD S/N VS
. Species utilizes filter-feeding
(.5 ) Surfap e/pelagic strategies to extract plankton
filter feeding f th t | 5 5 -- -- 1 5 -- --
lanktivore rom the upper water column
P (e.g., whale shark, sunfish)
Species utilizes filter-feeding
(4) Sessile filter strategies to extract plankton
5 0 -- -- 3 3 -- --
feeder from the water (e.g.,
mollusks, coral)
Feeds on plankton, fish, and
(3) Pelagic non- invertebrates from within
) o 3 3 - -- 1 2 - -
filter feeder water column (e.g., jellyfish,
herring).
(2) Non-filter
feeding benthic Species feeds in deeper
planktivore, water near the seafloor (e.g., 1 0 -- - 5 3 -- -
piscivore, or crabs, flatfish).

scavenger

Where and how a fish or invertebrate species feeds may increase or decrease the likelihood of impact with
a given impact factor. Filter feeding planktivores are most likely to come into contact with accidental spill
and artificial light ICFs, while species that forage in benthic sediments are more likely to be impacted by
habitat disturbance and EMF.
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B.4.7 FI- Concentration — Aggregation (AGG)

Table B-28. Fish and invertebrate aggregation assessments for concentration impact during all
project phases

. ICF Scores
Ranking Score -
Category Category Description AS | AL CAS CSE EMF HD S/N VS
(5) I_:orms While in Study area, species
persistent large o
: g maintains large schools or 5 5 - -- - 5 5 --
aggregations in agareqations
Study area ggreg '
While in Study area, species
(4) Forms forms persistent small
persistent small aggregations/schools or
aggregations or seasonal (usually breeding-
i ) 3 3 -- -- -- 3 3 -
seasonal/ transient | or feeding-related)
aggregations in aggregations/schools. Large
Study area aggregations/schools do not
persist throughout the year.
(3) Solitary or While in Study area, species
mostly solitary in is solitary, or forms very small | 1 1 -- - - 1 1 -
Study area transient groups.

Species that form large aggregations are both more likely to be impacted individually and at a population
scale by accidental spills (Niedoroda et al. 2014), artificial light, habitat disturbance/displacement, and
sound/noise, due to a greater number of individuals impacted at the same time. Species that are more
solitary are less likely to have population level impacts from OFW.
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B.4.8 FlI- Physiology — Predatory Detection (PDR)

Table B-29. Fish and invertebrate predator detection assessments for physiology impact during
Operation and Maintenance phase only

Ranking Score -
Category

(5) Reduced
Predator Detection

(4) No Data -
Predator Detection

(3) No Negative
Impact - Predator
Detection

Category Description

Species has been
documented as being
negatively impacted by EMF
to avoid predators.

No data is available noting
reduced predator avoidance
capabilities due to EMF.
However, species uses
mechanisms for predator
avoidance similar to those of
species that have been
documented as having
negative impacts from EMF.

Species has been identified
as not negatively impacted by
EMF regarding predator
detection, OR no data is
available noting reduced
predator avoidance
capabilities due to EMF and
species does not use
mechanisms for predator
avoidance similar to those of
species that have been
documented as having
negative impacts from EMF.

ICF Scores
AS | AL CAS CSE EMF HD S/N VS

Some fish species, including elasmobranchs, use electromagnetic sense for orientation and predator/prey
detection. If EMF interferes with these senses, the function of these key ecological mechanisms would be
impacted (Riefolo et al. 2016). The impacts of EMF will differ among species depending on whether their
electrosense is used for predator detection, prey detection, and/or navigation (Claisse et al. 2015,
Normandeau et al. 2011).
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B.4.9 FI-Physiology — Prey Detection (PRY)

Table B-30. Fish and invertebrates prey detection assessments for physiology impact during
Operation and Maintenance phase only

. ICF Scores
Ranking Score -
Category Category Description AS | AL CAS CSE EMF HD S/N VS
Species has been
(5) Reduced Prey documented as being _ _ _ 5 _ _ _

Detection negatively impacted by EMF
to locate and/or catch prey.

No data is available noting

reduced prey detection

capabilities due to EMF.

However, species uses

mechanisms for prey - | - -- -- 3 -- -- --
detection similar to those of

species that have been

documented as having

negative impacts from EMF.

(4) No Data - Prey
Detection

Species has been identified
as not negatively impacted by
EMF regarding prey
detection, OR no data is
. available noting reduced prey
I(r?w)p:c(z I\lsgea;we detection capa_bilities due to _ _ _ _ 0
Detection EMF and species does not
use mechanisms for prey
detection similar to those of
species that have been
documented as having
negative impacts from EMF.

Some fish species, including elasmobranchs, use electromagnetic sense for orientation and predator/prey
detection. If EMF interferes with these senses, the function of these key ecological mechanisms would be
impacted (Riefolo et al. 2016). The impacts of EMF will differ among species depending on whether their
electrosense is used for predator detection, prey detection, and/or navigation (Claisse et al. 2015,
Normandeau et al. 2011).
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B.4.10 FI — Physiology — Navigation / Migration (NAV)

Table B-31. Fish and invertebrate navigation and migration assessments for physiology impact
during Operation and Maintenance phase only

Ranking Score -
Category

5- Reduced
Navigation/Migration

4- No Data —
Navigation/Migration

3- No Negative
Impact -
Navigation/Migration

Category Description

Species has been
documented as being
negatively impacted by EMF
to navigate and/or migrate.

No data is available noting
reduced navigation/migration
capabilities due to EMF.
However, species uses
mechanisms for
navigation/migration similar
to those of species that have
been documented as having
negative impacts from EMF.

Species has been identified
as not negatively impacted
by EMF regarding
navigation/migration, OR no
data is available noting
reduced navigation/migration
capabilities due to EMF and
species does not use
mechanisms for
navigation/migration similar
to those of species that have
been documented as having
negative impacts from EMF.

ICF Scores

AS AL CAS CSE EMF HD S/N VS

Some fish species, including elasmobranchs, use electromagnetic sense for orientation and predator/prey
detection. If EMF interferes with these senses, the function of these key ecological mechanisms would be
impacted (Riefolo et al. 2016). The impacts of EMF will differ among species depending on whether their
electrosense is used for predator detection, prey detection, and/or navigation (Claisse et al. 2015,
Normandeau et al. 2011).
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B.4.11 FI — Physiology — Strike Risk (SR)

Table B-32. Fish and invertebrate vessel strike risk assessments for physiology impact during all
project phases

. ICF Scores
Ranking Score -
Category Category Description AS | AL CAS CSE EMF HD S/N VS

Large, slow-moving, or

(5) Atrisk of vessel = surface-dwelling species with |~ | _ . _ . . 5

strikes documented occurrences of
vessel strikes.
Small, agile, deep-dwelling

(4) Little to no species or others with

vessel interactions populations unlikely to be - | - -- -- -- -- -- 0

or effects majorly affected by contact
with vessels.

For most fish species, vessel strikes are rare, as fish are small and agile enough to move away from
oncoming vessels. However, vessel strikes have been documented for larger, slower species like sturgeon
and sharks and the increased vessel traffic associated with OFW could impact these species when present
in the study areas (Brown and Murphy 2010; Towner et al. 2012).
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B.4.12 FI — Physiology — Sound Sensitivity (SS)

Table B-33. Fish and invertebrate sound sensitivity assessments for physiology impact during
Operation and Maintenance phase only

. ICF Scores
Ranking Score -
Category Category Description AS | AL CAS CSE EMF HD S/N VS

Fish with a swim bladder and
specialized structures

(5) Hearing mechanically linking it to the L _ _ _ _ 5 _

specialist ear (e.g., carp, catfish,
herrings, some drums and
croakers)

Fish that do perceive noise

but not as strongly as a

hearing specialist, swim

bladders filled with air but are | -- -- -- -- -- -- 3 --
not connected to inner ear

(e.g., cod, eel, some drums

and croakers)

Fish with swim bladders that
contain little air and do not
(3) Hearing non- play a role in hearing (e.g.,

o salmon, some tuna); or fish
specialist, or : . - | - - - - - 0 -
hearing unknown W|th_ no swim bladders (e.g.,

flatfish, sharks, rays); or

invertebrates with little known

about their hearing abilities.

(4) Hearing
generalist

Fish and invertebrates experience sound as particle motion as well as pressure, and hearing sensitivity is
difficult to determine and likely varies greatly between species (Hawkins and Popper 2017). Fish have
been divided into groups of potential hearing abilities based on their anatomy. Fishes with swim bladders
involved in hearing, such as cod, will be more sensitive to anthropogenic noises than fish that do not have
swim bladders, like flatfish (Wahlberg and Westerberg 2005; Popper et al. 2014). Most crustacean species
lack swim bladders and are considered less sensitive to sound, though they have shown sensitivity to
sound transmitted through substrate; resolution of information on invertebrates and sound is coarse
(Edmonds et al. 2016; Hawkins and Popper 2017) Continuous noise from vessels and turbines can cause
avoidance behavior that can interfere with feeding and breeding, alter schooling behaviors and migration
patterns, and mask important environmental auditory cues (CBD 2012; Barber 2017).
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B.4.13 FI — Habitat Flexibility — Habitat Flexibility (HF)

Table B-34. Fish and invertebrate habitat flexibility assessments for trophic impact during

Operation and Maintenance phase only

Ranking Score -
Category Category Description
Species has very habitat- and
(5) Highly prey-specific requirements

specialized (narrow)

(4) Moderately

adaptable

(3) Generalist

and little flexibility in foraging
range, foraging behavior,
habitat selection, or diet.

Species shoes some grade of
behavior between highly
specialized and generalist.

Species uses a wide range of
foraging habitats over a large
area. Species is an
opportunistic forager and has
the ability to switch among
prey types based on
availability.

ICF Scores

AS AL CAS CSE EMF HD S/N VS

5 | - -

3 | - -

1 - -

Fish and invertebrate species exhibit varying degrees of habitat flexibility. Some species depend on
specific prey in specific locations, while others have high habitat flexibility and are generalists. Species
with highly specialized habitat and prey needs are more likely to be negatively impacted by OFW than
generalist species.
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B.4.14 — Scoring Equations

Table B-35. Fish and invertebrate impact potential scoring equations for each ICF

ICF

AS

AL

CAS
CSE

EMF

HD
S/N
VS

Scoring Equation

ASp; = (EL + LL + JAL + MA + MV + FM + AGG
+ HF)/40

ALg; = (LL + JAL + FM + AGG + MA + MV)/30

(PDR + PRY + NAV)
EMFy; = ( 3 +FM + LL + JAL) /20

*If PDR+PRY+NAV=0, no impact

HDp; = (AGG + EL+ LL + JAL + FM + MA + HF)/35
SNp; = (8§ + MA + AGG) /15
SRp; = (SR)/5
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B.5 Species Recovery Parameters

The recovery potential score assesses how quickly a species population would be able to recover in the
event of an incident. This is an important counterpoint to the impact-scoring, as certain species may suffer
a large impact from a given ICF, but are less vulnerable overall if they can recover quickly due to large
population numbers and high fecundity rates (e.g., euphausiids). In contrast, the loss of just a few
individuals from a depleted, late-maturity/low fecundity species could result in a substantial long-term
impact to a population (e.g., certain whale species).

Five parameters are used for recovery potential. These three parameters are applied to all three species
groups:

1. Conservation/population status — species with greatly reduced breeding population numbers are
compromised in their ability to recover from an impact. This parameter uses special conservation
status as a proxy for population status. Species designated as endangered or threatened in the
study area are of particular regulatory and conservation concern and could be jeopardized by
OFW construction and operation. Conversely, non-listed species with “healthy” population levels
are likely the most capable of recovering from an OFW impact.

2. Reproductive potential — the reproductive capacity of individuals of a species is a key
contributor to population recovery. If individuals have low reproductive capacity, the population
would likely be slow to recover from adverse impacts, even if population levels are relatively
high. Species with low fecundity rates and late maturation exhibit reduced recovery potential
relative to other species, and are therefore considered to be more vulnerable. Species exhibiting
relatively high reproductive capacity are inherently more capable of population recovery from
adverse OFW impacts and are considered to be less vulnerable.

3. Range when in study area — the geographic range inhabited by a species is related to the
proportion of a population that may be adversely affected by OFW in the study area. A species
endemic to a study area is considered to be at relatively greater risk than a species with a global
distribution. The geographic range of a species is also related to the population's relative ability to
recolonize an area after significant adverse effects; however, this parameter only addresses
recolonization potential in broad terms, as assessing population connectivity is beyond the scope
of this project. This parameter is assessed only for the time period in which the species is present
within a study area. For example, during the summer, most of the population of California sea
lions is found in Southern California and Baja, so the species is given a score of 4 for the range
parameter, despite the fact that it is found in across a broader range during fall and winter
seasons.

4. Adult survival rate — the survival rate of adult individuals is a key contributor to population
recovery as it is indicative of life history characteristics. Species with higher survival rates
experience lower natural mortality (M) than those species with lower adult survival rates. Species
with high adult survival rates often have slow growth rates, low fecundity, and expend large
amounts of energy on rearing of offspring; these species are referred to K-selection species in
traditional ecological literature. Species with low adult survival rates and the opposite life history
characteristics are referred to as r-selection species. An increase in the mortality rate (e.g., due to
impacts from OFW) of K-selection species is likely to have a greater negative impact on the
species population than an increase in mortality rate of r-selection species due to associated life
history characteristics that would slow K-selection species population recovery (e.g., slow
growth, low fecundity). This metric is derived from Adams et al. 2016.

5. Breeding score (Mammals/Sea Turtles and Birds/Bats only) — because adverse impacts that
affect adult breeders that forage to feed their young have disproportionate effects on intrinsic
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population growth, the potential population vulnerability for a bird/bat/mammal/sea turtle that is
foraging to feed its young is exacerbated for multiple reasons. Because very few species of fish or
invertebrates actively rear their young, this metric is not assessed for the fish/invertebrate species

group.

The scoring schemes for each of these parameters are listed in Table A-36. In instances where multiple
scores are possible for a given species and parameter, the most conservative (i.e., greater number) score is
assigned.

Table B-36. Recovery scoring scheme

Recovery
Score Category

CONSERVATION / POPULATION STATUS

5

4

Federally or state listed as endangered

Federally or state listed as threatened

Candidate species; or species with very
low population levels relative to historic

Low population levels relative to historic,
or a population level in noted decline

Healthy population levels relative to
historic

REPRODUCTIVE POTENTIAL

Low reproductive capacity — Low
fecundity/late maturing

Low reproductive capacity — Low
fecundity/early maturing

Moderate reproductive capacity

High reproductive capacity — High
fecundity/late maturing

High reproductive capacity — High
fecundity/early maturing

Description

Federally- or state-listed as endangered in Study area.

Federally- or state-listed as threatened in Study area.

Candidate species for listing under the Endangered
Species Act; or a species with very low population levels
relative to historic (e.g., categorized as Vulnerable or
higher on the IUCN Red List; NMFS “Species of
Concern,” or NatureServe state rank of Vulnerable of
higher).

Species is not listed, but the population in Study area is
low compared to historic levels (e.g., categorized as Near-
Threatened on the IUCN Red List), or species remains
abundant with a population in marked decline.

Species is not listed, and the population in Study area is
“healthy” or relatively near historic levels (e.g.,
categorized as Least Concern on the IUCN Red List).

Species has low reproductive capacity, with low fecundity
(less than about 100 offspring per year) and a late age of
sexual maturation (greater than about 4 years).

Species has low reproductive capacity, with low fecundity
(less than about 100 offspring per year) and an early age
of sexual maturation (less than about 4 years).

Species reproductive capacity falls between categories 4
and 2.

Species has high reproductive capacity, with high
fecundity (greater than about 100 offspring per year) and
a late age of sexual maturation (greater than about 4
years).

Species has high reproductive capacity, with high
fecundity (greater than about 100 offspring per year) and
an early age of sexual maturation (less than about 4
years).
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Recovery
Score Category Description

RANGE WHEN IN STUDY AREA

When the species is present in Study area, the entire

S Endemic to Study area population is within Study area.

When the species is present in Study area, the entire
4 Regional Oceanic Basin population is within the regional oceanic basin (e.g., the
northeast Pacific Ocean).

Regional Hemispheric Oceanic Basin or When the species is present in Study area, the entire

3 ciroumolar population is within the regional hemispheric oceanic
p basin, or is circumpolar.
When the species is present in Study area, the entire
Northern and southern hemisphere population is within both the northern and southern
2 Pacific/Atlantic; or multiple ocean basins, = hemisphere Pacific/Atlantic Ocean; or in the northern
northern hemisphere only hemisphere only, but in multiple ocean basins (e.g., in
both the north Pacific and north Atlantic).
Multiple ocean basins, northern and Whgn .the species is pre;ent in Study area, the _populatlon
1 . is distributed across multiple ocean basins and in the
southern hemispheres )
northern and southern hemispheres.
ADULT SURVIVAL

Very high adult survival rates, a.k.a. K-selected species
5 >0.90 with low natural mortality rates with populations more
sensitive to additional mortality from OFW ICFs

4 0.86-0.90 High adult survival rates
3 0.81-0.85 Moderate adult survival rates
2 0.75-0.80 Low adult survival rates

Very low adult survival rates, a.k.a. r-selected species
with populations adapted to high natural mortality rates,
thus likely lower population-level effects of additional
mortality from OFW ICFs

1 <0.75

BREEDING SCORE

Species is known to regularly forage to feed young in

5 Regularly forages study area, highest vulnerability of breeders.

3 Some individuals may forage Some |qd|V|duaIs of species will forage for young in study
area, mid-level vulnerability for breeders.

1 Unlikely to forage Species is unlikely to be foraging to feed young in the

study area, lowest vulnerability for breeders.

B.6 Level of Uncertainty

For each impact and recovery potential rank assigned, a level of uncertainty (LoU) for each scoring
parameter is assigned. This metric was drawn directly from Adams et al. (2016) and categorically
assessed the level of confidence in the information that went into making the decision for each parameter
score. By keeping track of t