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1
1.1

DESCRIPTION OF SPECIFIED ACTIVITY

Nature of the Request

The National Science Foundation (NSF) proposes to construct a replacement pier at Palmer Station,
Antarctica (Project) for the United States Antarctic Program (USAP). The Project would be implemented
by Leidos through an Antarctic Support Contract (ASC). Construction of the pier would introduce
anthropogenic noise into the marine environment. This noise may lead to the “taking” of marine
mammals as defined by the Marine Mammal Protection Act of 1972 (MMPA). The MMPA prohibits the
taking of marine mammals and defines “take” as to “harass, hunt, capture or kill, or attempt to harass,
hunt, capture or kill,” except under certain situations. Section 101 (a)(5)(D) allows for the issuance of an
Incidental Harassment Authorization (IHA), provided an activity results in negligible impacts on marine
mammals, would not result in an unmitigable adverse effect for subsistence uses of the animals (where
applicable), and the methods of taking and requirements pertaining to the mitigation, monitoring and
reporting of such takings are set forth.
NSF is requesting an IHA from the National Marine Fisheries Service (NMFS) for potential incidental
take of marine mammal species that may occur in the vicinity of the Project. IHAs are generally only
requested when the project is short-term in nature (12 months or less) and expected to result in
harassment, not serious injury or mortality. This Project would result in only harassment to marine
mammals and, therefore, an IHA is appropriate. In-water work is planned begin in early November 2021,
however there could be schedule shifts due to the complex logistics when mobilizing to Antarctica. To
ensure the required authorization is in place in advance of in-water work, an IHA is requested with an
effective date of October 1, 2021 to allow non-lethal taking of small numbers of marine mammals by
harassment incidental to the proposed activities. This request is submitted pursuant to Section 101 (a) (5)
(D) of the MMPA, 16 USC 1371.101 (a) (5), and 50 CFR 216, Subpart I.

1.2

Project Location and Need

Palmer Station is one of three U.S. scientific research stations in Antarctica, and is operated by NSF. It is
located on Anvers Island, in the Antarctic Peninsula (Figure 1-1). Several structures, fuel tanks, a helipad,
and a pier comprise the approximately 6.1 hectare (ha) site (Figure 1-2). Palmer Station is logistically
supported through Punta Arenas, Chile by two NSF research vessels: the Nathaniel B. Palmer and the
Lawrence M. Gould (Figure 1-4), and a future Antarctic Support Vessel that is currently under concept
design 1. These ships deliver cargo and transport personnel to the Palmer Station Pier to support the USAP
mission in Antarctica. The ships require an adequate pier to safely service the station and the new pier is
intended to address safety concerns. In previous years, the Nathaniel B. Palmer has had to moor offshore
due to safety concerns docking at the pier. Larger vessels such as the Nathaniel B. Palmer can only moor
during high tide and typically have only done so for short periods of time in emergency situations. The
existing pier consists of a sheet pile bulkhead backfilled with gravel and cobble that was built in 1967. It
is severely deteriorated, and needs to be replaced as soon as possible (Figure 1-3).

The Antarctic Support Vessel program has not yet been approved by NSF and does not yet have funding. However for the
purposes of this application is included to represent likely support vessels.

1
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Source: https://www.esrl.noaa.gov/gmd/grad/antuv/images/pages/index/fullsize/antarcticMap.png

FIGURE 1-1. REGIONAL MAP

ECO49 | page 1-2

NSF/Office of Polar Programs
Draft IHA Application | Palmer Station Pier Replacement

FIGURE 1-2. PROJECT LOCATION MAP
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FIGURE 1-3. SITE PHOTOS
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Source: https://future.usap.gov/palmer-pier-upgrade/

FIGURE 1-4. PHOTO OF EXISTING PIER

1.3
1.3.1

Proposed Action
Action Area

The Action Area for this Project is distinct from and larger than the pier footprint because some elements
of construction may affect marine mammal species at a distance from the Project site due to an increase in
underwater noise from Project activities. Therefore, the Action Area extends from the pier to the point
where marine mammals would no longer be affected by the underwater sounds produced by the Project
(see Section 6) and is based on thresholds for potential disturbance to marine mammals as defined in the
2018 Revisions to: Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine
Mammal Hearing, Version 2.0 . In addition, NMFS released informal guidance in June 2020 regarding
DTH driving source levels for drilling 42-in piles based on limited data reviewed in Reyff and Heyvaert
2019, Reyff 2019, and Denes et al. 2019; all as cited in NMFS 2020 unpublished. These thresholds are
described in more detail in Section 6 of this application.

1.3.2

Project Description

The new pier at Palmer station is designed as a steel pile supported concrete structure (Figure 1-5). This
Project would replace the existing pier with a new steel pipe pile supported concrete deck pier, new
modern energy absorbing fender system and on-site power/lighting. Work on the fendering system would
be above water. In-water work with the potential to produce underwater noise includes demolition of the
existing pier; and construction of the new pile-supported concrete deck pier and installation of wave
attenuator piles. Piles for the wave attenuator are planned for installation in 2021/2022; however, the
ECO49 | page 1-5
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wave attenuator itself would be installed at a future date. The wave attenuator would be constructed of
foam-filled pipes secured in place by the piles and would act as a protective shield against incoming
waves by reflecting or dissipating wave energy. A work barge will be mobilized to the site and once in
place, will provide a stationary platform from which to install piles.
1.3.2.1

Removal of Existing Infrastructure

It is necessary to demolish the existing bulkhead pier prior to construction of the new pier. Fill would be
removed from the pier cells in controlled sequences using an excavator and loader. If large rocks are
encountered, they would be reduced with a rock breaker attachment excavator as needed. The existing
sheetpile cofferdam bulkhead would be demolished and the sheets would be removed by a vibratory
hammer or cut off at the mudline. Gravel, cobbles and boulders salvaged from the existing structure
would be reused as much as possible. Sheet pile removed from the cell would be loaded onto the material
barge for disposal.
1.3.2.2

Installation of New Piles and Infrastructure

The pile installation would include socketed steel gravel-filled piles as outlined in Table 1-1. The deck
and pile caps for the pier are supported by steel pipe piles, which are drilled and socketed into the shallow
bedrock. Support vessels including a tugboat, one stationary barge, a temporary floating construction
platform (i.e., flexifloat 2), a 16-ft. skiff and one 200 horsepower work boat would be used for the duration
of the project to complete in-water work. A separate gravel barge would deliver material at the beginning
of the project but would only be onsite for approximately three days.

2A

Flexifloat System is a combination of standardized, interlocking flotation modules and accessory attachments. These are
assembled into platforms shaped and equipped for specific construction phases. The modules are connected at ends and sides by a
unique locking system requiring only a hammer and pry bar for operation.
https://www.flexifloat.com/Content/Docs/MarineConstructionPublication.pdf
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FIGURE 1-5. NEW PIER DESIGN
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TABLE 1-1. PILE SUMMARY

32 or 36-in. diameter steel pile in approximate
38-in. diameter holes
36-in. steel pile in approximate 38 in.
diameter holes
H pile inserted in pre-drilled 24-in. diameter
hole
24-in. steel pile

30

Number of
Piles
4

20

Up to 18a

10

Up to 9a

20

2

24-in. steel pile

20

3

24-in. steel pile

10

16

Structure
Pier Abutment
Pier
Retaining Wall
Wave Attenuator
Piles
RHIB Fender
Template Piles
a

Size of Pile

Socket Depth (feet [ft]))

Includes 2 additional piles as a contingency for design flexibility.

Pile Installation
The primary source of underwater noise which may result in takes during construction would be from the
installation of piles to support the pier and fenders. Because the shoreline and upland areas are comprised
of rocky or exposed bedrock, the piles would be socketed in place. This involves drilling into the rock to
create a socket deeper and larger than the pile diameter. Once the pile is set, the remaining void space is
filled with a high-performance cement-based sealing grout.
The primary technique for installing the socketed piles would be down the hole (DTH) driving. A small
impact hammer may also be used since construction techniques could vary depending on specific site
conditions, but it is unlikely that a vibratory hammer would be used to install piles. The piles may need to
be hammered (impact driven) for short periods of time (about 10 strikes) to seat them in the sockets.
Temporary template piles used during construction would be removed with a vibratory hammer or cut off
at the mudline.
It is assumed that installation of approximately one to two piles would occur over a 12-hour work day.
However to be precautionary, this application assumes two installation activities would be occurring at
one time (i.e., simultaneous). Work would be conducted in 7-12 shifts (7 days a week, 12 hrs per day).
The main method of pile installation would be DTH driving and two DTH drills would be available on
site and could be used simultaneously. One vibratory hammer would possibly be used to remove existing
piles, and one impact hammer could be used to proof piles after DTH driving has occurred. Details on
duration of DTH and pile driving are provided in Section 2, and the frequency and source levels of
proposed equipment are discussed in Section 6. The simultaneous use of equipment is considered in Table
13 of Appendix A.
Rock Chipping
To ensure accurate pile location and alignment, rock chipping may be required to level the sea bottom at
pile locations. Rock chipping methods would generate sound similar to that of a hoe ram used to demolish
concrete structures. If rock chipping is necessary, it would most likely occur on the same days as DTH
driving.
ECO49 | page 1-8

NSF/Office of Polar Programs
Draft IHA Application | Palmer Station Pier Replacement

Installation of Anodes
The Project design includes sacrificial anode corrosion protection for the major submerged steel
components. Aluminum alloy anodes would be installed below the waterline by divers. Installation would
include welding and the use of a pneumatic hydrogrinder, needle scaler, or similar equipment. These tools
scrape off surfaces for rust, paint, etc. and the levels should be no higher than those of a hydrogrinder,
conservatively estimated as 148 dB at 10m. This activity would occur after pile installation is complete.
1.3.2.3

Pile Installation Equipment
Impact Hammer
Impact hammers (Figure 1-6) are used to install
plastic/steel core, wood, concrete, or steel piles.
An impact hammer is a steel device that works
like a piston. The pile is first moved into
position and set in the proper location using a
choker cable or vibratory hammer. The impact
hammer is held in place by a guide (lead) that
aligns the hammer with the pile. A heavy piston
moves up and down, striking the top of the pile
and driving it into the substrate. Once the pile is
set in place, pile installation with an impact
hammer can take less than 15 minutes under
good substrate conditions. However, under poor
conditions, such as glacial till and bedrock or
exceptionally loose material, piles can take
longer to set.

Source:

FIGURE 1-6. IMPACT HAMMER
DTH Drill/Hammer
The DTH drill/hammer acts on a shoe at the bottom of the pile and uses a pulsing mechanism to break up
rock below the pile while simultaneously installing the pile through the rock formation. Rotating bit
wings extend below the pile and remove the broken rock fragments as the pile advances.
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Vibratory Hammer
Vibratory hammers (Figure 1-7) are commonly used in
steel pile driving or removal where sediments allow.
Generally, the pile is placed into position using a
choker and crane, and then vibrated between 1,200 and
2,400 vibrations per minute. The vibrations liquefy the
sediment surrounding the pile allowing it to penetrate
to the required seating depth or to be removed.
1.3.2.4

Project Components With Potential for
Marine Mammal Take

Table 1-2 indicates which project components have the
Source: WSDOT (2016)
potential for marine mammal take. Project activities
FIGURE 1-7. VIBRATORY HAMMER
that would not result in marine mammal take include
mobilization of materials on land at Palmer Station, above-water work on the fender system and
installation of on-site power and lighting. Detailed information on underwater and in-air noise from
construction activities is provided in Table 10 of the Noise Report attached as Appendix A.
TABLE 1-2. PROJECT COMPONENTS: POTENTIAL FOR MARINE MAMMAL TAKE
Project Component

Pile/Sheetpile Removal

Pile Installation

Anode Protection
Optional rock chipping

Equipment
Excavator and loader operated
above water
Crane operated above water
Vibratory hammer

Potential for Marine Mammal
Take
(Yes/No)
No
No
Yes

Underwater cutting tool1

No

Crane operated above water

No

DTH drill

Yes

Impact hammer
Vibratory hammer
Pneumatic hydrogrinder or needle
scaler2
Hoe ram

Yes
Yes
Yes
Yes3

1For

example, a diamond wire saw or hydraulically powered Guillotine saw for cutting pipe as needed. Operationally, both saws
have similar underwater acoustic properties. Based on a study conducted by the U.S. Navy in 2016, the diamond wire
sawing is relatively quiet (below 85 decibels [dB]) and does not require ear protection for divers using the tool.
These tools scrape off surfaces for rust, paint, etc. Use of these tools would be limited and would would occur once pile
installation is complete. As decribed in Section 6, underwater source levels are estimated at 148 dB at 10m and have been
accounted for in the take estimate.
3Rock chipping may not be necessary. However if it does occur it would most likely occur on the same days as DTH driving.
Appendix A shows that in most cases impact threshold distances for DTH driving are much larger than for rock chipping alone.
The ensonified area from rock chipping is smaller than for DTH driving and, as described in Section 11, a shutdown zone of 50
m would protect any hauled out pinnipeds during this or any construction activities. DTH driving is accounted for in the take
estimate in Section 6.
2
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2
2.1

DATES, DURATION, AND SPECIFIED GEOGRAPHIC REGION
Dates and Duration of Activities

As described in Section 1.3.2, construction activities that have the potential to generate an increased level
of underwater sound would include the removal of existing sheet piles and installation of piles to support
the pier (see Table 1-2). Template piles would be used to install the pier piles and would be cut off at the
mud line and left in place. There is also the possibility that bottom rock chipping may be necessary to
level the seafloor bottom during pile installation.
The construction season is limited due to ice and weather. Construction work cannot begin until the sea
ice has vacated Hero Inlet and work must be completed prior to the return of sea ice so that personnel and
equipment can be safely demobilized. Construction would begin in early November 2021 and would be
completed by mid-April 2022, with demobilization occurring no later than June of 2022. This application
requests an IHA effective for one year beginning October 1, 2021.
Table 2-1 provides the number of piles and estimated duration of each project construction scenario. The
duration of each phase is used in Section 6 to determine distances from the noise generation point to
effects thresholds, and subsequently to determine the number of potential takes. As noted in Table 2-1, it
may be possible to install the 24-in. piles on the same day as 36-in. piles. This may reduce the total days
for pile installation in Phase 2. Distances to Level A and Level B effects thresholds are also calculated in
Section 6 for this potential scenario. Figures showing the extent of underwater noise exposure are
provided in Appendix C and discussed in Section 6.
TABLE 2-1. PILE INSTALLATION DURATION
Construction
Scenario
1 or 1A2

2

Pile Type
2
36-in. piles (pier Bents 2, 3, and 4)
32-in. piles (pier abutment Bent 1)

4

24-in. RHIB fender

3

24-in. template piles

16

24-in. retaining wall

2

24-in. H piles
3
Optional
TOTAL

Number of
Piles
Up to 18

Contingency
Days

Total Days of
Installation1
2
1

47

2

16

Up to 9

Pile Removal (24-in.)

16

2

4

Sheetpile Removal

20

2

4

Anode Installation

n/a

2

18

88

11

89

Rock chipping

1This is a conservative estimate. It is possible that 24-in. piles may be driven on the same day as 36-in. piles. If this occurs,
overall days may be reduced for pile installation.
2As described in Section 6, for the purposes of calculating take, there is reference to Scenario 1A which involves pile installation
of two 36-in piles simultaneously. In this table, Scenarios 1 and 1A are synonymous in terms of representing the number of
estimated days for installation. Differences in underwater noise between Scenarios 1 and 1A are described in Section 6.
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2.2

Physical and Geographic Setting

Palmer Station lies on Hero Inlet, between Gamage Point and Bonaparte Point on the southwestern coast
of Anvers Island in the Antarctica Peninsula (see Figures 1-1 and 1-2). The coordinates for the remote
station are: 64°46' S, 64°03' W. 3 It takes a minimum of four days to reach Palmer Station by boat from
Punta Arenas, Chile by way of the Drake Passage. There is no air connection between the station and
South America.
Substrate at the station location consists of solid rock. In addition to the pier, there are several buildings,
plus two large fuel tanks, and a helicopter pad. Construction of the current Palmer Station was completed
in 1968. The station can house over 40 people in the summer, and the over winter population is between
10 and 20.
Average monthly temperatures at Palmer Station range from minus 10°C in July and August to 2°C in
January and February. The annual mean temperature is minus 3°C. The extreme range is minus 31°C to
9°C. Palmer does not have a long period of winter isolation as do McMurdo Station and the South Pole
Station. The area frequently experiences high winds, up to 130 km per hour, or greater. Average annual
precipitation consists of about 4 m of snow and 0.76 m of rain. Palmer Station lies outside the Antarctic
Circle, so there are 19 hours of light and 5 hours of twilight at the height of austral summer and only 5
hours of daylight each day in the middle of austral winter.
Hero Inlet is a narrow inlet (approximately 135m wide) along the southwest side of Anvers Island (see
Figure 1-2). There is no specific information available on wave and current data in Hero Inlet at the
Project location. Maximum observed tidal range is 2.5 m with mean sea level at 0.72 m. The shoreline
and upland area is generally rocky or exposed bedrock. Ice cliffs rise above the station; the Marr Ice
Piedmont covers Anvers Island. The highest mountains on the island are Mt. Francais (2,760 m) and Mt.
Agamemnon (2,572 m).

3Source:

https://www.nsf.gov/geo/opp/support/palmerst.jsp
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3

SPECIES AND NUMBERS OF MARINE MAMMALS IN THE ACTION
AREA

3.1

Marine Mammal Species Potentially Found in the Action Area

Tale 3-1 shows the marine mammal species that may be found in or near the Action Area. Five of the
cetacean species are listed as endangered under the ESA (blue, fin, sei, sperm, and southern right whales).
Section 4 provides detail on the species’ status, distribution and trends, and life history.

3.2

Abundance and Distribution Data Sources

Abundance estimates are based on a thorough review of the best available information. Data on marine
mammal abundance or density in the Antarctic are difficult to obtain given the remote location and in
some cases have been extrapolated across broad regions. For example, the upper range of the abundance
estimate for Antarctic minke whales is for the entire Southern Ocean. Data sources for abundance
estimates are provided in Table 3-1. Footnotes indicate the area considered for the abundance estimate
(i.e., Southern Hemisphere, Antarctic Peninsula, Scotia Sea, etc.). Distribution and life history of each
species is discussed in Section 4.0.
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TABLE 3-1. ABUNDANCE AND STATUS OF MARINE MAMMAL SPECIES POTENTIALLY PRESENT IN THE ACTION AREA
Estimated Abundance
Common Name

Species

Number

Data Sources

Frequency of
Occurrence in Project
Area

ESA
Statusa

MMPA
Statusb

NL

NS

Common Nearshore
and Offshore

NL

NS

Rare

E

D

Rare Offshore

E

D

Offshore and Rare
Nearshore

NL

NS

Rare

NL

NS

Common Nearshore

NL

NS

Common

NL

NS

Rare Offshore

Cetaceans
Antarctic Minke Whale

Balaenoptera
bonaerensis

Arnoux’s Beaked Whale Berardius arnuxii
Blue Whale

Balaenoptera
musculus
Balaenoptera physalus

Fin Whale

7,395c
360,000730,000 d
599,300 e
2,300f
38,200g
1,725h
1,492c

Hourglass Dolphin

Reilly et al.

Lagenorhynchus
cruciger

144,300 d

Reilly et al.

6,500g
Humpback Whale

Megaptera
novaeangliae

42,000 h
34,000-52,000 d
50,000i

Killer Whale

Long-finned Pilot Whale

Orcinus orca

Globicephala melas
edwardii

25,000 j
200,000k
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Estimated Abundance
Common Name

Species

Southern Bottlenose
Whale

Hyperoodon
planifrons

Sei Whale

Balaenoptera borealis

Southern Right Whale

Eubalaena australis

Number

Data Sources

500,000j
626h
43c

Sperm Whale

Physeter
macrocephalus

MMPA
Statusb

NL

NS

Rare Offshore

E

D

Uncommon
Offshore/Extralimital

E

D

Rare

E

D

Uncommon
Offshore/Extralimital

NL

NS

Common

NL

NS

Common

NL

NS

Common

NL

NS

Common

Reilly et al.

25-30,000 l
12,000 d

Frequency of
Occurrence in Project
Area

ESA
Statusa

IWC (2019)

12,069 h
Pinnipeds

Antarctic Fur Seal

Arctocephalus gazella

21,190m
2,700,000

Crabeater Seal

Lobodon
carcinophaga

n

3,187,000o
5-10 million p
413,671q

Southern Elephant Seal

Mirounga leonina
749,385 l

Leopard Seal

Hydruga leptonyx

13,200o
220,000 j
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Estimated Abundance
Common Name
Weddell Seal

Species
Leptonychotes
weddellii

Number

Data Sources

ESA
Statusa

MMPA
Statusb

NL

NS

Frequency of
Occurrence in Project
Area

302,000o
Common

+1,000,000 l

aNL – not listed, E – Endangered, T – Threatened
bNS – not strategic, S – strategic, D – Depleted
c Scotia Sea and northern Antarctic Peninsula.
dAbundance in all of the Southern Hemisphere
eAbundance of all beaked whales south of the Antarctic Convergence, mostly consisting of Southern bottlenose whales.
fAbundance in partial area of Antarctic feeding grounds
gSouth of 30.7oS.
hSouth of 60oS
iMinimum global abundance estimate for killer whales
jAbundance south of the Antarctic convergence
kAbundance in all Antarctic waters
lTotal global abundance
mAbundance in South Shetland Islands only
nAbundance in South Georgia area
oAPIS survey 1998/1999; aerial surveys along the Antarctic Peninsula
pCircumpolar abundance
qSouth Georgia Stock of Elephant Seals only
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4

AFFECTED SPECIES STATUS AND DISTRIBUTION

Information provided in this section on potentially affected species including abundance and distribution
is summarized from , unless otherwise noted. As stated in Section 3.1, data from available sources results
in extrapolating across large portions of the Antarctic region. In addition, published data are from areas
where cetaceans are known to occur in greater densities than the Palmer Pier Action Area, and are
therefore an overestimate. Marine mammal densities represent a greater abundance of marine mammals
than what actually occurs within the immediate Action Area as evident when comparing NSF observation
data to estimated takes (see Section 6). However, this is the best available information on the occurrence
of marine mammals along the Antarctic Peninsula.

4.1

Antarctic Minke Whale

Antarctic minke whales (Balaenoptera bonaerensis) are similar in shape and coloration to the more global
species of minke whale (B. acutorostrata). The two species differ in relative size and shape of several
cranial features, and Antarctic Minke whales lack the distinct white flipper mark of the more common
minke whale.
The seasonal distribution and migration patterns of nearly all populations of minke whales are poorly
understood . Antarctic minke whales are abundant from 60oS to the ice edge during the austral summer
then retreat in the austral winter to breeding grounds in mid-latitudes. This species is highly associated
with sea ice and is generally less abundant in ice-free waters.
Reilly et al. estimated the abundance of Antarctic minke whales in the area of the Antarctic Peninsula to
be 7,395 individuals. estimated the total abundance of the Antarctic minke whales in the Southern
Hemisphere to be 360,000-730,000. Using sightings from a density of 0.00182 minke whales/km2 was
determined within a survey area that included locations at the northern tip of the Antarctic Peninsula (near
Elephant and Joinville islands and in the Bransfield Strait) and the Scotia Sea. counted 104 Antarctic
minke whales in 5,590.4 km2 surveyed in the Amundsen and Bellingshausen seas. Open ocean density
assumes only 20% of the actual reported (520 total whales used to cacluate an offshore density of
0.0930).
The population is considered to be stable and the species is not listed under the ESA or designated as
depleted under the MMPA. Over the period January 21, 2019 through March 31, 2020, one minke whale
was observed during bird observation studies at Palmer Station. The whale was observed feeding about
300 m offshore in Arthur Harbor.
Antarctic minke whales feed mainly on euphausiids; their feeding rates around sea-ice in Antarctic waters
are among the highest documented . They can be easily approached while feeding. In general, minke
whales are commonly observed alone or in small groups of two or three individuals. Aggregations of up
to 400 may form on occasion in high latitudes. During the feeding season, mature females are found
closer to the ice than immature females, and immature males are more solitary than mature males.
Antarctic minke whales attain sexual maturity at 8 years for males and 7 to 8 years for females. At
maturity Antarctic minke whales are estimated to average 9.0 m for females and to 8.5 m for males.
Mating behavior has not been observed, but they are assumed to breed in winter in warm waters of low
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latitudes. Pregnancy rates are at or near 90% and births peak in July and August. Calves with lengths of
2.4 to 2.7 m are born about 10 months after conception. Lactation lasts 5–6 months.
The minke whales in the Southern Ocean were not hunted in the early days of modern commercial
whaling because of their small size but as other species such as blue, fin, and sei whales depleted, hunters
turned their attention to Antarctic minke whales in the early 1970s. After 1979, minke whales were only
allowed by the IWC to be taken in factory-ship operations. Annual catches by Japan and the USSR in the
Antarctic ranged up to about 8,000 individuals (Horwood, 1990; as cited in Wursig et al. 2018). Japan has
continued to take Antarctic minke whales annually under a research permit issued under the terms of the
whaling convention. In 2015/2016 the annual allowed catch was 333 whales.
Potential threats to minke whales in the Antarctic include the reduction in sea ice potential causing dietary
shifts, offshore energy development, and increased vessel traffic and pollution. Acoustic disturbance
from increased vessel noise, seismic surveys, and naval undersea warfare training exercises may also
impact this species on a local or regional level. Any changes to sea ice due to climate change would likely
affect Antarctic minke whales since their distribution and ecology are directly tied to sea ice . Currently,
Antarctic minke whales and humpback whales are thought to partition prey resources in this region by
feeding in different habitats (sea ice versus open water) but when the two species do overlap in time and
space, they partition prey vertically (Friedlaender et al. 2008; as cited in Wursig et al. 2018). With
continued sea ice decline, the potential for overlap, and thus competition for prey, increases.
Minke whales are in the low-frequency functional hearing group with an estimated auditory bandwidth of
7 Hz to 22 kHz . Vocalizations range from 60 Hz to 20 kHz .

4.2

Arnoux’s Beaked Whale

Arnoux’s beaked whales (Berardius arnuxii) are one of the largest members of the family Ziphiidae. The
entire body is dark brown with the ventral side paler with irregular white patches; tooth marks of
conspecifics are numerous on the back, particularly on adult males. The body is slender with a small head,
low falcate dorsal fin and small flippers that fit into depressions on the body. The melon is small and its
front surface is almost vertical with a slender projecting rostrum. Mean body length is 8.5 to 9.75 m. B.
arnuxii is the least sexually dimorphic species in the Ziphiidae. Little is known of the diet of Arnoux’s
beaked whales but one individual’s stomach was found to be mostly filled with squid beaks (Wursig et al.
2018).
Arnoux’s beaked whales inhabit vast areas of the Southern Hemisphere, between 24°S and Antarctica.
They are a deep diving species and can be found in areas of heavy ice cover. Population abundance data is
not available specifically for Arnoux’s beaked whales, but determined the population of all beaked
whales south of the Antarctic Convergence to be 599,300. An offshore density of 0.0000038 whales per
km2 was calculated from sightings recorded by Gohl (2010) in the Amundsen Sea. Arnoux’s beaked
whales have been observed in the Project area 4. The species is not listed under the ESA or designated as
depleted under the MMPA.
Specific information on Arnoux’s beaked whales reproduction is not available, but general information on
the genus is available. The gestation time of Berardius is estimated to be 17 months long; newborns are
4Personal

communication, Ari S. Friedlaender to N. McGinn, email dated June 29, 2020

ECO49 | page 4-2

NSF/Office of Polar Programs
Draft IHA Application | Palmer Station Pier Replacement

approximately 4.6 m long at birth (Kasuya, 2009; as cited in Wursig et al. 2018). Females become
sexually mature between ages 10 and 15 years when reach 9.8 to 10.7 m long; females may live as long as
54 years. Males become sexually mature when they are between 6 and 11 years old and their body lengths
have reached 9.1 to 9.8 m. Males have been known to live for 84 years. Ovulation occurs once every 2
years throughout a female’s life. The apparent high fecundity and shorter longevity of females combined
with greater male longevity have invited speculations on their social structure including a possible male
contribution in rearing calves.
Arnoux’s beaked whales have not been historically hunted. Current threats are likely to be similar to
Southern bottlenose whales. Because they are heavily ice-associated Arnoux’s beaked whales may be
directly affected by loss of sea ice due to climate change.
There is no information on acoustics for this species. They are likely in the mid-frequency functional
hearing group, with an estimated auditory bandwidth of 150 Hz to 160 kHz . Vocalizations ranges are
similar at 300 Hz to 135 kHz .

4.3

Blue Whale

Blue whales (subspecies Balaenoptera musculus intermedia, found in Antarctic waters) have a tapered
elongated shape, a broad, relatively flat, U-shaped head, with a prominent ridge from the splash-guard to
the tip of the rostrum, and massive mandibles. They have 1 m long black baleen plates on each side of the
upper jaw. Southern Hemisphere blue whales are on average larger than those in the Northern
Hemisphere. The largest recorded blue whales were caught in the Southern Ocean and measured 31.7–
32.6 m (104–107 ft) long. When surfacing, the blue whale raises its shoulder and blowhole region out of
the water. The splash guard or fleshy ridge just forward of the blowhole is large in this species. Blue
whales can live for 80-90 years, or even longer.
Blue whales are a cosmopolitan species with North Atlantic, North Pacific and Southern hemisphere
populations. They were historically most abundant in the Southern Ocean, but are very rare today. Due to
food availability they are found predominately offshore. IWC (2009) provides an abundance estimate of
2,300 blue whales in a part of their Antarctic feeding grounds. There are no estimates of blue whale
density in the immediate area of the Antarctic Peninsula, but calculated a density of 0.00005 whales per
km2 in the Amundsen Sea. The species is listed as endangered under the ESA and designated as depleted
under the MMPA.
Blue whales feed almost exclusively on euphausiids in areas of cold water upwelling. If krill is close to
the surface, they will lunge vertically by projecting their large lower jaws up through the water surface to
capture the prey. Surface feeding has often been observed during the day, but it is more usual for blue
whales to dive to at least 100 m, where layers of euphausiids are concentrated during daylight hours. They
rise to feed near the surface in the evening, following as their prey ascends in the water column.
Little is known of mating behavior in blue whales. However, female–male pairings have been noted
summer into fall, some lasting for as long as 5 weeks. Blue whales reach sexual maturity at 8–10 years of
age. Length at sexual maturation in females is 23–24 m in the Southern Hemisphere, while males reach
sexual maturity at 22 m. Mating occurs from late fall and throughout the winter and females give birth
every 2–3 years in winter after a 10–12-month gestation period. The calves can weigh 2–3 tons and
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measure 6–7 m at birth; they are weaned when they reach about approximately 16 m in length at about 6–
8 months. No specific breeding grounds have been discovered for blue whales in any ocean.
Documentation of natural blue whale mortality is rare. The principal predator is the killer whale, Orcinus
orca, but there is little evidence of attacks on blue whales in the North Atlantic or Southern Hemisphere.
In the Southern Hemisphere, blue whales were severely depleted by whaling; during the first half of the
20th century 325,000–360,000 were killed in Antarctic waters. Unrestrained hunting for blue whales
lasted until 1966, and brought the species to the brink of extinction. Though still endangered species
today, there is evidence of population increases in the Antarctic (Branch 2004; as cited Wursig et al.
2018). Current threats in the northern hemisphere include interaction with fishing gear and collisions
with ships. Persistent contaminants accumulated over time such as PCBs may have an impact on
reproduction and have limited the recovery of certain blue whale populations (Wursig et al. 2018).
Increasing anthropogenic noise from shipping and oil exploration may also be impacting their recovery in
parts of their global range.
Blue whales regularly vocalize throughout the year with peaks occurring from midsummer into winter.
The majority of their vocalizations are infrasonic sounds in the range of 17–20 Hz, and are lower than
humans can detect. Their sounds, at 188 decibels (re: 1 μPa at 1 m) are one of the loudest and lowest
made by any animal. The calls can be heard easily for hundreds, even thousands, of kilometers under
optimal oceanographic conditions, and may cover whole ocean basins. They, along with other mysticetes,
are in the low-frequency functional hearing group, with an estimated auditory range of 7 Hz to 22 kHz .

4.4

Fin Whale

Fin whales (Balaenoptera physalus) are closely related to blue and sei whales. Northern and southern
populations remain separated leading to genetic isolation of the populations. In the Southern Hemisphere,
the average body length of female adults is about 26 m and 25 m for males. Fin whales are slender with
the maximum individual girth between 40% and 50% of the total length. From 350–400 baleen plates are
found in each row and their maximum length is up to 80 cm. the body mass of adults ranges from 40-50
metric tons and varies seasonally according to nutritive condition. The skin of adults near the flanks in the
rear trunk is often covered by small round scars and stripes caused by the attachment of lampreys and
other parasites or epizoites.
The fin whale is found in most large water masses of the world, from tropical to polar regions. However,
in the most extreme latitudes individuals may be absent near the ice limit; there have been no sightings in
the Weddell or Bellinghausen Seas. Therefore, fin whales may be considered rare to extralimital in the
vicinity of Palmer Station and the Action Area. Overall, fin whale densities in the southern hemisphere
tends to be higher outside the continental slope than inside it. Wursig et al. (2018) state an abundance
estimate of 38,200 individuals south of 30.7oS, including the Antarctic, while NOAA (2015) estimated an
abundance of 1,725 fin whales south of 60oS, and Reilly et al. (2004) estimated abundance around the
northern Antarctic Peninsula and Scotia Sea to be 1,492 whales. Assuming a strip width of 1 km, Santora
et al. (2009) recorded 0.08391 fin whales per linear km2 within a survey area that included locations at the
northern tip of the Antarctic Peninsula (near Elephant and Joinville islands and in the Bransfield Strait)
and the Scotia Sea. estimated a density of 0.0072 fin whales in the Amundsen Sea. The species is listed
as endangered under the ESA and designated as depleted under the MMPA.
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Fin whales feed on an assortment of prey items, depending on their availability (Kawamura 1980; as cited
in Wursig et al. 2018); their diet varies with season and locality. Southern Hemisphere fin whales have a
diet of almost exclusively krill, and other planktonic crustaceans. Similar to other Balaenopterid whales,
they feed intensively during the summer months, consuming up to 1 ton of euphausiids per day.
In the Southern Hemisphere, fin whales seasonally migrate north to south; they feed in the summer at
high latitudes and breed and fast in the winter at low latitudes. Pregnant females are usually the first to
initiate the seasonal migration and are quickly followed by adult males and resting females. Lactating
females and juvenile individuals of both sexes are the last to migrate. In the Southern Hemisphere,
individuals attain sexual maturity at about 19 m long in males and 20 m 18.5 m in females; corresponding
to an age of about 6–7 years in males and 7–8 years in females. In the Southern Hemisphere, the mating
period is runs from May–July. Females gestate one calf per pregnancy for about 11 months, when a calf
about 6–7 m long and weighing 1–1.5 metric tons is born. Weaning occurs when the calf is about 6–7
months old and is followed by a 6-month resting period for the female, at the end of which mating again
takes place.
Because they are large and swim fast, fin whales do not have significant predators, with the exception of
the killer whale (Orcinus orca). In certain regions where this odontocete is abundant, signs of past attacks
of killer whales can be seen on the flippers, flukes, and flanks of fin whales. The fin whale was highly
desired by whalers; who targeted the species starting in the early 1870s and continuing until the
moratorium on commercial whaling in 1985. Currently since 2005, 0–10 individuals per year are taken in
the Southern Ocean under the Japanese Special Permit Research Program.
Threats to fin whales worldwide include collisions with vessels, where boat traffic is very intense;
incidental catches and entanglement in fishing gear, and behavioral impacts from anthropogenic noise
generated during seismic surveys, and increased ship traffic. Because fin whales are so widely distributed
and are low in the food chain, pollution or reduction of food supply by overfishing are not likely to have a
significant impact. Levels of contaminants in fin whales have been found to be low or extremely low as
compared to other marine mammals (O’Shea and Brownell 1994, Law 1996; as cited in Wursig et al.
2018).
Fin whale vocalizations consist of low-frequency moans and grunts and higher frequency pulses,
apparently with a social function (Watkins et al. 2000; as referenced in Wursig et al. 2018). They are in
the low-frequency functional hearing group, with an estimated auditory range of 7 Hz to 22 kHz . They
also vocalize at low frequencies of 15-30 Hz (DON 2008).

4.5

Hourglass Dolphin

Hourglass dolphins (Lagenorhynchus cruciger) are colored with dark black patterns alternating with pure
white areas. They are recognized by a white hourglass shaped lateral patch. These dolphins are stocky
and have a large, recurved dorsal fin that can vary from erect to hooked. In large males, the tail stock is
often keeled. Total length of adults ranges from 142 cm to 187 cm. Females measured 142 to183 cm,
while males were 163 to 187 cm long. Hourglass dolphins are rapid swimmers and are capable of speeds
exceeding 22 km/hr. They commonly bow-ride ships and large whales, especially in rough weather.
While swimming at high speed, hourglass dolphins sometimes swim rapidly just below the surface, and
have been observed to spin.
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Hourglass dolphins are pelagic and circumpolar in the Southern Ocean; they are found in Antarctic and
sub-Antarctic waters. Most sightings of live hourglass reflect observer effort, and are centered on the
Antarctic convergence with most sightings from the Drake Passage. Abundance for dolphins observed in
January in the Southern Hemisphere, was based on sighting surveys from 1976–77 to 1987–88, and
estimated at 144,300 (Kasamatsu et al. 1988 and Kasamatsu and Joyce 1995; as referenced in Wursig et
al. 2018). Using relative abundance provided by Santora et al. (2009) a density of 0.0015 hourglass
dolphins per km2 was calculated for the northern tip of the Antarctic Peninsula. Although oceanic,
hourglass dolphins are often observed near islands and banks, in areas with turbulent waters; they have
been observed in the Project area 5. Hourglass dolphins tend to be found in groups of 10 or less and when
in the open ocean they tend to ride vessel bow and stern wakes. They are often observed with fin whales.
Hourglass dolphins often feed in large aggregations of seabirds such as great shearwaters and blackbrowed albatrosses, and in plankton slicks (White et al. 1999; as cited in Wursig et al. 2018). Their prey
items include mall fish (about 2.4 g and a length of 55 mm), small squid, fish otoliths, squid beaks and
crustaceans. They are believed to feed in surface waters.
Migratory movements of this species are not well known. It is thought that hourglass dolphins from the
Antarctic convergence zone and the continental shelf break may move into sub-Antarctic waters or nearshore in winter. Thus, the range of the species thus probably shifts north and south with the seasons
(Carwardine 1995; as cited in Wursig et al. 2018).
No confirmed predators of hourglass dolphins are known, although given that they overlap, killer whales
are possible predators. Hourglass dolphins seem to be attracted to ships. They often approach from
considerable distances, changing course to do so, and remain with the ship for up to 30 min (Goodall
1997; as cited in Wursig et al. 2018). Several hourglass dolphins have been taken for scientific study, but
no other directed catches are known. At least one stranded animal was probably the result of a ship strike
or net capture held against the side of a ship, as there were cuts along the anterior dorsal surface and the
skin and blubber had been rubbed off near the dorsal fin, flippers, and flukes (Wursig et al. 2018). An
incidental drift net catch has been reported in the southern Pacific Ocean.
Like other delphinids, they are social and have a repertoire of vocalizations such as clicks, whistles, and
squeals (or burst-pulse sounds). These sounds are used for echolocation and communication. Hourglass
dolphins are in the high-frequency hearing group with a generalized hearing range of 275 Hz to 160 kHz
(NMFS 2018).

4.6

Humpback Whale

Humpback whales (Megaptera novaeangliae) are well-known baleen whales that are and easily
recognized by their remarkably long flippers, which are approximately one-third of the length of the
body. Maximum adult lengths are in the 16 to 17 m range, with most from 14 to15 m (Clapham and
Mead, 1999; as referenced in Wursig et al. 2018). Adult female humpback whales are typically 1 to 1.5 m
longer than males, and calves are 4 to 5 m at birth, and approximately 8 to10 m long at the end of their
first year when they reach independence (Clapham and Mead 1999; as cited in Wursig et al. 2018). Other
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than length, they are not sexually dimorphic. The humpback has between 270 and 400 baleen plates on
each side of the mouth, ranging from black to white or partly white. They can live for up to 50 years.
Humpback whales are distributed throughout the world. They are highly migratory, spending spring
through fall on feeding grounds in mid- or high-latitude waters, and wintering on calving grounds in the
tropics, where they do not eat (Dawbin 1966; as referenced in Wursig et al. 2018). Seven populations of
humpback whales are found in the Southern hemisphere and feed throughout the waters off Antarctica. In
the Southern Hemisphere, humpbacks feed in circumpolar waters and migrate to breeding grounds in
tropical waters to the north. Seven breeding populations are recognized by the International Whaling
Commission (IWC) in the Southern Hemisphere, and these are linked to six feeding areas in the Antarctic.
identify the southeast Pacific breeding stock breeding stock as feeding in waters to the west of the
Antarctic Peninsula where Palmer station is located. These animals breed in the Pacific-Central America
waters. According to , the abundance of the Southeastern Pacific DPS is 6,500 (2005-2006 estimate most
recent). estimated the population of humpback whales south of 60oS to be 42,000 and IWC (2019)
estimated that there are in 34,000 to 52,000 in the Southern hemisphere. Assuming a strip width of 1 km,
Santora et al. (2009) recorded 0.03605 humpback whales within a survey area that included locations at
the northern tip of the Antarctic Peninsula (near Elephant and Joinville islands and in the Bransfield
Strait) and the Scotia Sea . Gohl (2010) estimated a density of 0.0001 whales per km2 in the Amundsen
Sea strongly suggesting a more nearshore distrubution around the Antarctic Peninsula. The species is
listed as endangered under the ESA and designated as depleted under the MMPA.
From January 21, 2019 through March 31, 2020, marine mammal sightings have been recorded during
bird observation studies at Palmer Station. On January 23, 2019, three humpback whales (2 adults and a
juvenile) were observed feeding off Torgersen Island, and one adult and one juvenile were observed
feeding in Arthur Harbor on January 26, 2019. Several groups of up to four individuals (likely adults and
juveniles) were observed feeding in Arthur Harbor in early February 2019. No humpbacks were observed
after February 12. At the end of May 2019, two humpbacks were again observed near Bonaparte Point,
with no other sightings until the end of December 2019 when one humpback was observed feeding in
Arthur Harbor. In late December 2019 and January to early February 2020, individual whales or groups
of two adults and possibly a juvenile feeding in Arthur Harbor were recorded on 10 separate occasions. A
large group of 5 whales (4 adults and a juvenile) was observed in Arthur Harbor on March 3, 2020. This
was the last sighting recorded.
The humpback whales are considered generalists, feeding on euphausiids and various species of small
schooling fish. They appear to be unique among large whales in their use of bubbles to corral or trap these
schooling fish. Whales blow nets, clouds, or curtains of bubbles around or below schools of fish, then
lunge with mouths open into the center of the bubble structure. As with other balaenopterids, the
humpback’s ventral pleats expand when feeding, greatly increasing capacity. It is not known exactly how
humpbacks find their prey. They do not appear to possess echolocation, but may have an active sense of
smell, which could be used to detect prey at the water surface.
Breeding in humpback whales is strongly seasonal. In winter, male humpback whales sing long, complex
songs, the primary function of which is presumably to attract females. Males aggressively compete for
access to females; tail slashing, ramming, or head butting among males can last for hours. Males tend to
remain in breeding areas longer than females and attempt repeatedly mate, while newly pregnant females
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quickly return to higher latitudes where they will feed for many months in order to prepare for the
considerable energetic cost of lactation. Females gestate for about 11.5 months, and most calves are born
in mid-winter. At about 6 months of age, calves are believed to begin feeding independently, but nursing
likely continues until they become independent at about 1 year old. Sexual maturity varies among
populations but is generally from about 5 years to 10 years.
Whalers targeted humpback whales for several centuries. In the last century, more than 215,000
humpbacks were killed in the Southern Hemisphere (Rocha et al. 2014; as cited in Wursig et al. 2018). It
is possible than more than 95% of the animals in some populations were killed during intense periods of
exploitation. Despite this, most studied populations appear to be making a strong recovery. Small
aboriginal hunts for humpbacks still occur in a couple of locations, but worldwide many more whales die
from entanglement in fishing gear or collisions with ships. However, none of these impacts appears to be
significant at the population level, and the outlook for this once-overexploited species appears good in
most areas. Humpback whales do not have significant predators, but rake-mark scars from teeth indicate
that they are commonly attacked by killer whales. However, it seems likely that fatal attacks are largely
confined to young calves (Pitman et al. 2014; as referenced in Wursig et al. 2018).
Humpback whales produce three classes of vocalizations: (1) “songs” in the late fall, winter, and spring
by solitary males; (2) sounds made within groups on the wintering (calving) grounds; and (3) social
sounds made on the feeding grounds . Humpback whale songs lie between 0.2 and 3.0 kHz, with
frequency peaks at 4.7 kHz. Feeding calls, unlike song and social sounds, are highly stereotyped series of
narrow-band trumpeting calls. They are 20 Hz to 2 kHz, less than 1 second in duration, and have source
levels of 175 to 192 dB re 1 μPa-m. Humpback whales are in the low-frequency functional hearing group,
with an estimated auditory bandwidth of 7 Hz to 22 kHz . Their vocal repertoire ranges from 20 Hz to
greater than 10 kHz (DON 2008).

4.7

Killer Whale

The killer whale (Orcinus orca) is the ocean’s apex predator, and is found in all the world’s oceans and
most seas. It is the largest member of the family Delphinidae and has very distinctive black-and-white
coloration. Killer whales can attain maximum body lengths of 9.0 m in males and 7.9 m in females.
Maximum measured weights are 6600 kg for a 7.65-m male and 4700 kg for a 6.58-m female (Yamada et
al. 2007; as referenced in Wursig et al. 2018). In addition to being larger than females, mature males
develop disproportionately larger appendages. Antarctic killer whales make periodic rapid long-distance
migrations to subtropical waters, possibly for skin maintenance (Durban and Pitman 2011; as referenced
in Wursig et al. 2018).
Killer whales are social animals that are usually observed traveling in groups containing a few to 20 or
more individuals. Reports of larger groups usually involve temporary aggregations of smaller, more stable
social units. The basic social unit is the matriline, which is a highly stable group typically composed of an
old female, her sons and daughters, and the offspring of her daughters. Because females may live for 80
to 90 years, matrilines may contain as many as five generations of matrilineally related individuals. The
pod is the next level of organization that is a group of related matrilines that shared a common maternal
ancestor. The next level of social structure is the clan, followed by a resident society.
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Currently only one species of killer whale is recognized (O. orca), but it is likely that some of genetically
distinct forms found in different regions of the world represent distinct species (Wursig et al. 2018). In the
Antarctic, five distinct forms of killer whale have been identified: types A, B1, B2, C, and D. They differ
in coloration, morphology, and in some cases diet . Types B1 and B2 are the most common form
observed around the Antarctic Peninsula and Anvers Island .
Because of its wide distribution and scarcity in many regions, the killer whale is a difficult species to
census. A minimum global abundance estimate of 50,000 killer whales has been estimated (Wursig et al.
2018); with over half occurring in Antarctic waters . Santora et al. (2009) recorded a density of of
0.00151 killer whales/km2 (based on an assumed strip width of 1 km) within a survey area that included
locations at the northern tip of the Antarctic Peninsula (near Elephant and Joinville islands and in the
Bransfield Strait) and the Scotia Sea. Ainley et al. (2007) estimated a density of 0.0313 killer whales/km2
in the Amundsen and Bellingshausen seas. They have been observed in the Project area 6. Killer whales in
the Antarctic area are not listed under the ESA or designated as depleted under the MMPA.
Killer whales prey on a wide range of vertebrates and invertebrates; they have no natural predators other
than humans. It is the only cetacean that routinely preys upon marine mammals, with attacks or kills
documented for 50 different species. Mammalian taxa that are prey of killer whales include other
cetaceans—both mysticetes and odontocetes—pinnipeds, sirenians, mustelids and, on rare occasions,
ungulates. A variety of fish species are also important food of killer whales. In the Antarctic, killer whales
in open water prey on Antarctic minke whales, seals, and fish.
Births may occur in any month but most are in October-March. Females give birth when they are 11 and
16 years of age, with a 5-year interval between births until about 40 years of age. Males attain sexual
maturity at about 15 years of age. Gestation is 15-18 months, and at birth killer whales are 2–2.5 m long
and weigh about 200 kg. Calves are nursed for at least a year, but may start taking solid food from the
mother while still nursing. Typical age at weaning in the wild is not known, but it likely occurs between 1
and 2 years of age. Neonate mortality may be high, with an estimated 43% dying within the first 6
months.
Historically, killer whales in several regions have been the target of directed fisheries, culling, and
persecution. An average of 43 whales per year were taken by Japanese whalers from their coastal waters
during 1946–81, mostly for human consumption. Norwegian whalers took an average of 56 whales per
year during 1938–81 in a government-subsidized hunt aimed at reducing killer whale numbers to reduce
competition for other fisheries. Current threats include conflicts with fisheries resulting in injury or
mortality through entanglement in gear or directed shooting. Killer whales have been known to target
longline fisheries in the Southern Ocean. Other potential threats include direct effects of oil spills and
other forms of toxic pollution, reduced prey availability and disturbance caused by vessel traffic.
As with most delphinids, killer whales are highly vocal. They produce a wide variety of clicks, whistles,
and pulsed calls for echolocation and social signaling. As summarized in DON (2008), the peak to peak
source levels of echolocation signals range between 195 and 224 dB re 1 μPa-m. The source level of
social vocalizations ranges between 137 to 157 dB re 1 μPa-m. The killer whale has the lowest frequency

6Personal

communication, Ari S. Friedlaender to N. McGinn, email dated June 29, 2020
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of maximum sensitivity and one of the lowest high frequency hearing limits known among toothed
whales. The upper limit of hearing is 100 kHz for this species.

4.8

Long-Finned Pilot Whale

Long-finned pilot whales (Globicephala melas edwardii) grow up to 6 m in length, have round, bulbous
heads, broad-based dorsal fins, and are generally black in color. They appear black or dark gray; the body
is robust with a thick tailstock. The melon is exaggerated and bulbous and they have on beak or a barely
discernable one. Long-finned pilot whales are sexual dimorphic with adult males reaching an average
length of 6 m. Males are longer and heavier than females, develop a more pronounced melon, and have a
much larger dorsal fin. Females can live more than 60 years; males reach 35 to 45 years.
Long-finned pilot whales inhabit the cold temperate waters of both the North Atlantic and the Southern
Ocean. Pilot whales are found in both nearshore and pelagic environments. NOAA (2018) estimated
long-finned pilot whale abundance in Antarctic waters to be 200,000 individuals. There are no specific
estimates of abundance of the long-finned pilot whale in the vicinity of the Project. Based on a strip width
of 1 km, Santora et al. (2009) estimated a density of 0.00757 long-finned pilot whales/km2 within a
survey area that included locations at the northern tip of the Antarctic Peninsula (near Elephant and
Joinville islands and in the Bransfield Strait) and the Scotia Sea. The species is not listed under the ESA
or designated as depleted under the MMPA.
Pilot whales are generally nomadic, but are highly social and are usually observed in schools averaging
20–90 individuals. They also have been observed in mixed species aggregations A variety of group
behaviors has been documented including traveling, foraging in loose formations, and collective
surfacing. Their diet consists mostly of squid and other cephalopods, with smaller amounts of fish. Pilot
whales use a ram-and-suction method for consuming their prey. Pilot whales are known to dive deep for
prey; the maximum dive depth measured is about 1,000 m.
These whales are polygynous; huge aggregations of pilot whales have been reported and males may move
between family groups to mate during these temporary aggregations. Sexual maturity in long-finned pilot
whales occurs at 8 years for females and about 12 years for males. The birth interval in pilot whales is one
of the longest of all the cetaceans ranging from 4 to 6 years. Lactation lasts for at least 3 years, or often
longer.
Pilot whales are subject to several types of human interactions, including direct exploitation, bycatch in
fisheries, exposure to chemical contaminants, and anthropogenic noise. They are particularly susceptible
to entanglement in driftnets, and are one of the most frequently reported cetaceans in mass strandings.
Pilot whales strand singly as well as in groups; often single animals are diseased.
The calls of long-finned pilot whales are of a lower frequency and a narrower frequency range than those
of the short-finned pilot whale. The mean frequency for long-finned pilot whales is 4,480 Hz. They are in
the mid-frequency functional hearing group, with an estimated auditory bandwidth of 150 Hz to 160 kHz
.
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4.9

Sei Whale

The sei whale (Balaenoptera borealis) is the third largest whale (behind blue and fin) reaching a
maximum length of about 20 m (with 15 m typical) and weighing 20 tons; the dorsal fin is larger than that
of the blue and fin. Sei whales are dark gray on the dorsal side; the ventral surfaces of their flukes and
flippers are also dark gray. There is no whitening of the lower right jaw as in fin whales and the baleen is
dark gray, often with a yellowish-blue hue; but white baleen can be seen in some individuals. The are
about 350 plates on each side of the jaw, and they are up to 80 cm long.
Sei whales inhabit all ocean basins; they are oceanic and not commonly found in shelf seas. Sei whales
migrate seasonally, spending the summer months feeding in the subpolar higher latitudes and returning to
the lower latitudes to calve in winter. In the Southern Hemisphere, they are rarely found as far south as
blue, fin, and minke whales, with summer concentrations mainly between the subtropical and Antarctic
convergences (between 40ºS and 50ºS).
Different populations of sei whales have not been identified by genetic studies (Kanda et al. 2006; as cited
in Wursig et al. 2018). However on the basis of migration patterns and biological characteristics,
populations have been identified for management purposes. In the Southern Hemisphere, six populations
are assumed. In the Southern Hemisphere, the original population was about 100,000, and in 1980 was
thought to be 24,000, by now there may be more than 70,000 (Wursig et al. 2018). NOAA Fisheries has
used an estimated population of 626 animals south of 60°S, and an offshore density of 0.00025 . Sei
whales are formally listed as endangered under the ESA, and depleted under the MMPA.
Sei feed on copepods, euphausiids, shoals of fish, and squid if they are encountered. They feed primarily
at dawn, and less frequently during the day . Male and female sei whales become sexually mature at about
10 years of age in both sexes (Masaki 1976, as cited in Wursig et al. 2018). Conceptions peak in June for
Southern Hemisphere whales. Gestation is almost a year and new born calves are about 4.5 m. Most
calves are weaned in 7 months, after they have migrated to colder waters with their mothers.
Due to its speed and location offshore, the sei whale was not exploited until the end of the 1800s. In the
Southern Hemisphere, these whales were caught from Brazil, Chile, Peru, South Africa, and South
Georgia. The largest catches were made by the Antarctic pelagic fleets, after the numbers of blue and fin
whales had been reduced. Between 1960 and 1970 over 110,000 sei whales were killed. Whaling for sei
whales ceased in the Southern Hemisphere in 1979.
Sei whales are in the low-frequency hearing group, along with other baleen whales, with an estimated
auditory bandwidth of 7 Hz to 22 kHz . There are few recordings of sei whale vocalizations in the North
Pacific, where the sweep frequency ranged from 1.5 to 3.5 kHz (DON 2008).

4.10 Southern Bottlenose Whale
Southern bottlenose whales (Hyperoodon planifrons) are large deep-diving beaked whales that can be
identified by their bulbous forehead and pronounced bottle-shaped beak. They are medium-sized whales,
ranging from 6 to 10 m in length. Their coloration ranges from chocolate brown to yellow with lighter
areas on the flanks and belly.
Southern bottlenose whales occur widely throughout the Southern Hemisphere mainly south of 30°S, and
are most common between 58 and 62°S. An abundance of 500,000 of these whales has been estimated for
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waters south of the Antarctic Convergence . Santora et al. (2009) estimated density of 0.00061 southern
bottlenose whales within a survey area that included locations at the northern tip of the Anatarctic
Peninsula (near Elephant and Joinville islands and in the Bransfield Strait) and the Scotia Sea. The
species is not listed under the ESA or designated as depleted under the MMPA.
Bottlenose whales seem to prefer deeper waters, and like other beaked whales, they make regular deep
dives to forage. Stomach content analyses of six southern bottlenose whales show that this species feeds
primarily on squid . Bottlenose whales are typically observed in small groups of up to ten individuals,
though groups of up to 20 animals of mixed age/sex classes have been reported. Social behaviors have not
been studied in southern bottlenose whales. Little is known about southern bottlenose whale reproduction.
Calving is thought to take place off South Africa in spring and early summer.
As described for Arnoux’s beaked whale in Section 4.2 there is no information on acoustics for this
species. However, beaked whales use frequencies of between 300 Hz and 129 kHz for echolocation, and
between 2 and 10 kHz, and possibly up to 16 kHz, for social communication. There is no information on
the hearing abilities of southern bottlenose whales. They are likely in the mid-frequency functional
hearing group, with an estimated auditory bandwidth of 150 Hz to 160 kHz . Vocalizations ranges are
similar at 300 Hz to 135 kHz (DON 2008).

4.11 Southern Right Whale
Southern right whales (Eubalaena australis) are extremely robust body with a thick blubber layer; their
girth often exceed 60% of total body length. The head is relatively large, comprising about one quarter to
one third of the body length and the upper jaw is arched. The body is mostly black, sometimes with
irregular white ventral patches. The most conspicuous external characteristic of right whales are irregular
patches of keratinized tissue on the head referred to as callosities. These callosities are inhabited by dense
populations of specialized amphipod crustaceans. Callosities patterns are unique to individuals and are
therefore extremely useful as natural “tags,” which allow repeated identification of individuals by
photographs. Adults are typically 13-16 m long.
Southern right whales are found between 20oS and 60oS. The total abundance of southern right whales
was estimated in 1997 at over 7500 animals, with the three well-studied stocks increasing at 7%–8%
annually. Given that there were no estimates available for some stocks, and that a population increasing at
7% doubles every 10 years, total abundance could currently exceed 25–30,000 animals . estimated the
population in the vicinity of the Antarctic Peninsula to be about 43 whales, and the IWC (2019) estimated
southern right whale density in the southern hemisphere to be 12,000 animals. estimated the density of
southern right whales in near the tip of the Antarctic Peninsula and in the Scotia Sea to be 0.0004 animals
/km2. The species is listed as endangered under the ESA and designated as depleted under the MMPA.
Right whales are “skimmers” (Baumgartner et al. 2007; as cited in Wursig et al. 2018). They feed
offshore, pelagic regions in areas of high productivity by swimming forward with the mouth
agape. Feeding can occur at or just below the surface, where it can be observed easily, or at depth. At
times, right whales apparently feed very close to the bottom, because they are observed to surface at the
end of an extended dive with mud on their heads. Typical feeding dives last for 10–20 min. It is likely that
krill comprise a high proportion of the diet in southern right whales.

ECO49 | page 4-12

NSF/Office of Polar Programs
Draft IHA Application | Palmer Station Pier Replacement

Right whales have a three year reproductive cycle. Breeding or mating occurs during the winter. It often
involves aggregations of whales centered around a single female and may involve large numbers of
males; groups of more than 20 animals have been observed. Because of the 3-year female reproductive
cycle, breeding can take place geographically distant from calving grounds which are located in shallow
coastal waters and bays. Calving also occurs during winter.
Right whale vocalizations are primarily low-frequency moans, groans, belches, and pulses (Cummings
1985 and Parks and Clark 2007; each as cited in Wursig et al. 2018). Most acoustic energy produced is
below 500 Hz, with some sounds up to 1500–2000 Hz. There is no information specifically for southern
right whales, but morphometric analyses of North Atlantic right whale inner ears estimate a hearing range
of approximately 0.01 to 22 kHz based on established marine mammal models. The estimated functional
hearing range for right whales may be 15 Hz to 18 kHz, putting right whales in the low-frequency
functional hearing group .

4.12 Sperm Whale
Sperm whales (Physeter macrocephalus) are unusually large sexually dimorphic with adult lengths of
about 11 m for females and 16 m for males. The head is large (comprising about one-third of the body
length) and squarish. The lower jaw is narrow and under slung. The blowhole is located at the front of the
head and is offset to the left. Sperm whales are brownish gray to black in color with white areas around
the mouth and often on the belly. Sperm whales dive to about 600 m below the surface where they hunt
primarily for squid. Aggregations of of 50 or more sperm whales have been observed within a few
kilometers, presumably the result of concentrations of food.
Sperm whales are widely distributed, but distribution of the sexes are different. Female sperm whales
almost always inhabit water deeper than 1,000 m and at latitudes less than 40°, corresponding roughly to
sea surface temperatures greater than 15°C. Large males from high latitudes can be found in almost any
ice-free deep water. Therefore, any sperm whales encountered in Antarctic waters would be male. They
are more likely to be sighted in productive waters, such as those along the edges of continental shelves
An abundance of 12,069 has been estimated for sperm whales south of 60oS . Based on data reported by
the density of sperm whales in the vicinity of the Antarctic Peninsula is 0.0006 whales/km2 and is
estimated to be 0.01699 per km2 for the Amundsen and South Bellingshausen seas. The species is listed
as endangered under the ESA and depleted under the MMPA.
Sperm whales have low birth rates, slow growth and high survival rates. They give birth about once every
5 years. Females reach physical maturity when growth ceases, at about 30 years old and 10.6-m long.
Males, which are slightly larger than females during the first 10 years of life, continue to grow at a
substantial rate until well into their 30s, finally reaching physical maturity at about 16-m long when
roughly 50 years old.
Sperm whales were heavily exploited by whalers, but the species has survived better than most other large
whales. Current threats include entrapment in fishing gear, choking on and ingesting plastic, and collision
with ships.
As summarized in sperm whales typically produce short-duration repetitive broadband clicks used for
communication and echolocation. These clicks range in frequency from 0.1 to 30 kHz, with dominant
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frequencies between the 2 to 4 kHz and 10 to 16 kHz ranges. Source levels from adult sperm whales’
highly directional (possible echolocation), short (100 μs) clicks have been estimated up to 236 dB re 1
μPa-m rms. Creaks (rapid sets of clicks) are heard most frequently when sperm whales are engaged in
foraging behavior in the deepest portion of their dives with intervals between clicks and source levels
being altered during these behaviors. In summary, sperm whales are in the mid-frequency functional
hearing group, with an estimated auditory range of 150 Hz to 160 kHz .

4.13 Antarctic Fur Seal
Antarctic fur seals (Arctocephalus gazella) are midsize otariids with thick bodies and relatively long
necks. When born they are about 67.4 cm long and weigh about 5.9 kg (males) and 5.4 kg (females). As
adults bulls weigh about 133 kg and are about 180 cm long. They are almost 1.5 times longer and 4 times
heavier than cows, who are about 129 cm long and weigh an average of 34 kg. A defining feature of this
species is their long facial vibrissae that can grow up to 48 cm long in bulls, and are longer than in any
other pinniped.
Antarctic fur seals exhibit a circumpolar distribution. They are found from the Antarctic continent to the
Falkland Islands. Land-based breeding strongly influences the distribution of females and their foraging
ecology. Lactating females are restricted to foraging in the waters immediately surrounding the breeding
beaches, whereas males can disperse after mating. Female distribution expands after breeding as they
leave rookeries.
An available population estimate for Antarctic fur seals in the South Shetland Islands (near the northern
Antarctic Peninsula) is about 22,000 individuals . However, total population estimates are as high as
2,800,000 . estimated a density of 0.0999 Antarctic fur seals /km2 within a survey area that included
locations at the northern tip of the Anatarctic Peninsula (near Elephant and Joinville islands and in the
Bransfield Strait) and the Scotia Sea. The species is not listed under the ESA or designated as depleted
under the MMPA.
Over three seasons from 2019 through 2020 (i.e., two Antarctic summers and one winter), marine
mammal sightings have been recorded during daily bird observation studies at Palmer Station. A total of
73 fur seals were observed either hauled out or swimming in Hero Inlet during the Antarctic summer
months between January and March 2019. Over a longer summer period between October 2019 and
March 2020, there were 242 seals observed in Hero Inlet, with the majority of seals hauled out (see Table
6-1). During the winter months between March and October 2019, 70 seals were observed in Hero Inlet.
Fewer fur seals were observed over the same 2019 – 2020 months in Arthur Harbor. See Section 6 for
additional details on seal observations in the project vicinity.
Antarctic krill (Euphausia superba) dominates the diet of Antarctic fur seals in the vicinity of the Action
Area. Penguins are occasionally taken by Antarctic fur seal bulls. Killer whales are likely the main
predator of the species, but Leopard seals are thought to limit the population growth at Elephant Island in
the South Shetland Islands. Large bulls of other species also prey on pups where species coexist.
Each sex exhibits completely different life histories leading to the extreme sexual dimorphism observed in
this species. Average female age at maturation is 4 years (range 2–7), and by ages 6–7 most females have
attained full adult size. Females live about 20 years, with an observed maximum of 24. Reproductive rates
increase rapidly from age 2, peak at age 8, and remain high, on average 0.75 (0.68–0.77). Females breed
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annually, with a gestation period of 8 and 9 months. Males reach sexual maturity at ages 3–4, but most
breed at an age of 8–9 when they reach maximum body size and establish breeding territories. Average
survival rate for males after age 8 is below 50%. Trauma and starvation are the most common causes of
early pup mortality.
Antarctic fur seal populations went through intense commercial exploitation. In the South Shetlands, the
species was almost extirpated in just three seasons, starting in 1819, but the population has rebounded.
Current threats include direct interactions with fisheries, and mortality from entanglement in
anthropogenic debris (mostly from the fishing industry).
Like other pinnipeds, these fur seals are assigned to functional hearing groups based on the medium (air
or water) through which they are detecting the sounds, for an estimated auditory bandwidth of 75 Hz to
75 kHz . Vocalizations range from <4 to 120 kHz (DON 2008).

4.14 Crabeater Seal
Adult crabeater seals (Lobodon carcinophaga) range in length from about 205–240 cm, with some older
males as long as 264 cm and females up to 277 cm (Laws et al. 2003a; as cited in Wursig et al. 2018).
Body mass when they start to molt in summer is about 200 kg for males to about 215 kg for females. Pups
weigh about 35 kg at birth but reach more than 100 kg by the time they are weaned. Crabeater seals are
medium brown to silver over most of the body, with darker coloration and spotting on the flippers and
flank. Many individuals show scarring, likely caused by Leopard seal attacks. They have finely divided
lobed teeth with multiple cusps that interlock to filter crustaceans. Crabeater seals are highly mobile on
ice. When they are disturbed they will often raise their heads and arch their backs, and are able to quickly
move over ice and snow. Though crabeater seals can live up to 40 years, their lifespan is usually 20–25
years.
Crabeater seals have a circumpolar Antarctic distribution; they spend the entire year in pack ice. They
move over large distances with the annual advance and retreat of pack ice. Although they can be found
anywhere within the pack ice zone, they are typically found at the edge of the continental shelf, as well as
in the marginal ice zone (Burns et al. 2004 and Southwell et al. 2005; as referenced in Wursig et al. 2018).
Circumpolar abundance estimates range from 5–10 million. During a survey conducted by the Antarctic
Pack-Ice Seals (APIS) program, aerial surveys were conducted in the area around the Antarctic Peninsula.
Those surveys estimated an anundance of 3,187,00 crabeater seals offshore of the peninsula . Erickson
and Hanson (1990) reported an overall estimated density of 1.76 seals per km2 (6.05/nm2) in the
Antarctic. The species is not listed under the ESA or designated as depleted under the MMPA.
Crabeater seals sometimes congregate in large groups of up to several hundred, which might be associated
with general patterns of seasonal movement or foraging. As other Antarctic seals, crabeater seals have a
daily haulout pattern in summer that generally involves hauling out on ice floes during the middle of the
day (Bengtson and Cameron, 2004; as referenced in Wursig et al. 2018), though usually less than 80% are
hauled out on the ice at the same time. Haulout patterns also vary markedly among seasons, with as little
as 40% of seals hauling out at the peak of daily haulout in winter.
Over three seasons (i.e., two Antarctic summers and one winter) from January 21, 2019 through March
31, 2020, marine mammal sightings have been recorded during bird observation studies at Palmer Station.
Crabeater seals were commonly observed individually or in small groups lying on the ice in Arthur
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Harbor and Hero Inlet in late January and February of 2019; the frequency of sightings decreased by
March. Groups of up to four individuals were observed in or near the Action Area in early April of 2019,
some were lying on the floating dock. Groups of crabeater seals were observed swimming in Hero Inlet
near Gamage Point in April and early May of 2019. No crabeater seals were recorded in June, but in early
July of 2019 groups of two seals and individuals were observed on the ice at Arthur Harbor and Hero
Inlet, and on the shore at Bonaparte Point. No crabeater seals were observed from mid-July to midOctober of 2019. Observations of crabeater seals increased in Arthur Harbor frequency into November of
2019, with sightings continuing into December. However, from January of 2020 through March of 2020,
crabeater seals were only observed on nine occasions; this was less frequently compared to sightings
recorded from January to March of 2019.
Antarctic krill is the primary prey item for crabeater seals, constituting over 95% of their diet. They also
eat small quantities of fish and squid (Øritsland, 1977; as referenced in Wursig et al. 2018). Crabeater
seals do not appear to seasonally switch prey. During daily nocturnal foraging periods in summer,
crabeater seals will nearly continuously dive for up to 16 h at a time. In one study, a single crabeater seal
continued diving for 44 h without interruption. Most dives are less than 100 m deep and less than 5 min
long, but they have been recorded as diving to depths of over 600 m (Bengtson and Stewart 1992, Nordøy
et al. 1995, Burns et al. 2004, and Wall et al. 2007; all as referenced in Wursig et al. 2018).
Crabeater seals form ‘family groups’ of a female, her pup, and an attending male during the breeding
season; peak pupping is mid to late October with some pups born into December (Southwell et al. 2003,
and Southwell 2004; both as referenced in Wursig et al. 2018). Newborn pups are relatively large, and
they grow quickly in girth while remaining with their mothers on sea-ice floes for about 3 weeks. Once a
male has mated with a female, he leaves her in search of other potential partners (i.e., serial monogamy).
Mortality of crabeater seals pups can be as much as 80% during their first year (Boveng and Bengtson,
1997; as referenced in Wursig et al. 2018). Most of the survivors exhibit large raking scars on their bodies
from leopard seal attacks that occur during the seals’ first year of life; suggesting that leopard seals have a
negative impact on crabeater seal populations. Fresh wounds are rarely seen on crabeater seals that are
older than 1 year (Siniff and Bengtson, 1977; as cited in Wursig et al. 2018 ).
Crabeater seals were harvested commercially in 1964/1965 by Norway and in 1986/1987 by the Soviet
Union. In both cases, the sealing ventures were determined to be economically unsuccessful. The
Convention for the Conservation of Antarctic Seals (effective as of 1978) provides international oversight
for the conservation and management of crabeater seals, as well as Southern elephant, leopard, Weddell,
Ross, and Southern fur seals. A crabeater seal mass mortality event was documented along the Antarctic
Peninsula in 1955, killing about 97% of the population (Laws and Taylor 1957 as referenced in Wursig et
al. 2018). The event occurred near a research base where sledge dogs were routinely used for travel and
the clinical symptoms suggested a distemper virus. Due to this concern, dogs were prohibited in
Antarctica beginning in 1994 under Annex II to the Environmental Protocol (Conservation of Antarctic
Fauna and Flora).
Crabeater seals are assigned to functional hearing groups based on the medium (air or water) through
which they are detecting the sounds, for an estimated auditory bandwidth of 75 Hz to 75 kHz .
Vocalizations range from <4 to 120 kHz (DON 2008).
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4.15 Southern Elephant Seal
Southern elephant seals (Mirounga leonina) are the largest of all pinnipeds. The species is sexually
dimorphic; male southern elephant seals have been weighed at 3700 kg, whereas females only weigh
between 400 and 800 kg. Males have a large inflatable proboscis and a pronounced chest shield; these
attributes are associated with fighting with other males on land to acquire females. Females lack the
proboscis and chest shield. Both males and females are gray to brown in color. Southern elephant seals
have an extensive range, with breeding sites on islands scattered around the subantarctic and the Antarctic
Peninsula. They spend as much as 80% of their annual cycle at sea, migrating long distances to favorable
foraging locations. During the 8-month long winter migration seals of both sexes can make trips of up to
8000–10,000 km. Elephant seals spend as much as 90% of the time submerged, the majority of it hunting
for food, but other behaviors, such as traveling from place to place, and apparently even resting, take
place at depths of more than 200 m.
Southern elephant seals can be divided into three distinct stocks: Maguire Island, Iles Kerguelen, and
South Georgia, the latter of which is relevant to the Action Area. estimated the size of the South Georgia
stock to be 413,671 seals; this is about 55% of the total population estimate of 749,385. Between the
1950s and 1990s the southern elephant seal experienced population decline of about 50% throughout
most of the breeding range in the Southern Ocean. Modeling suggests that the declines are due to
relatively small changes in fecundity and survival (McMahon et al. 2005; as cited in Wursig et al. 2018),
but the underlying causes are presently unclear, but may be related to environmental changes causing
change in food availability. Santora et al. (2009) estimated a density of 0.0003 elephant seals/km2 within
a survey area that included locations at the northern tip of the Antarctic Peninsula (near Elephant and
Joinville islands and in the Bransfield Strait) and the Scotia Sea. The species is not listed under the ESA
or designated as depleted under the MMPA.
Over three seasons (two Antarctic summers and one winter) from January 21, 2019 through March 31,
2020, marine mammal sightings have been recorded during bird observation studies at Palmer Station.
One elephant seal was observed lying on shore near Palmer Station in early March of 2019. No other
seals were observed again until October of 2019 when on six days over the period October 8 to 19, 2019
a single seal was observed lying on the ice in Arthur Harbor. Additional sightings were noted in
November and December 2019 in Hero Inlet. Sightings increased from January 6 to February 10, 2020,
when elephant seals were observed at Bonaparte Point as individuals or in groups as large as 7 nearly
every day and sometimes several times a day. No elephant seals were observed after February 10, 2020.
This is noticeably different than 2019, when no elephant seals were observed in January or February.
Southern elephant seal are highly polygynous, with large, dominant alpha males presiding over large
“harems” of females. Competition between males for the alpha position culminates in dramatic fights.
Successful males have almost exclusive access to harems consisting of up to 100 females and so the
reproductive benefits of success are very high. Adult breeding males haulout onto deserted beaches in
August; large numbers of pregnant females arrive soon after and a single pup is born about 2-5 days
later. The females stay with their pup throughout lactation and do not feed, relying on a thick blubber
layer for sustenance and milk production. At birth pups weigh between 30 and 40 kg and by the time they
wean at 23–25 days, southern elephant seal pups weigh approximately 120–130. Several days before
weaning their pups, s). Once the pup is weaned, females come into estrus and mate with the dominant
ECO49 | page 4-17

NSF/Office of Polar Programs
Draft IHA Application | Palmer Station Pier Replacement

male(s) before departing to sea. The pups are left behind and spend the next 4–6 weeks teaching
themselves to swim and hunt, relying on blubber reserves built up while nursing. After leaving their natal
beaches, the pups spend the next 6 months at sea; as many as 30% of them perish after weaning and at
sea.
There is some separation of feeding areas between the sexes, with males tending to feed more in
continental shelf waters, while females either use ice-free waters broadly associated with the Antarctic
Polar Front, or the marginal ice zone, moving northward as the ice expands. Elephant seals prey on
deepwater and bottom dwelling organisms, including fish, squid, crab, and octopus. They are
extraordinary divers with some dive depths exceeding 1,500 m and lasting up to 120 minutes.
Elephant seals have a long history of direct exploitation by humans as they were hunted extensively
during the 1800s for their blubber, which yielded an unusually high-quality oil; the population was
severely reduced at all major breeding locations. The exploitation of southern elephant seals continued
until 1964 at South Georgia. At present, elephant seals are relatively free of adverse interactions with
humans. Southern elephant seals are only rarely captured in the nets of Southern Ocean fishing fleets.
There are some grounds for concern that some large-scale fisheries may be competing with the seals for
preferred prey species. Climate change may affect elephant seals; there is evidence of correlations
between population–dynamics parameters and incidences of the El Niño-Southern Oscillation, which may
provide insights into the potential impacts of climate change on elephant seals (McMahon and Burton,
2005; as cited in Wursig et al. 2018).
Like other pinnipeds, elephant seals are assigned to functional hearing groups based on the medium (air
or water) through which they are detecting the sounds, for an estimated auditory bandwidth of 75 Hz to
75 kHz . Vocalizations range from <4 to 120 kHz (DON 2008).

4.16 Leopard Seal
The leopard seal (Hydrurga leptonyx) is the largest Antarctic pack ice seal. They are sexually dimorphic;
females can grow up to 3.8 m long and weigh 500 kg, while males are generally 3.3 m long and weigh
300 kg (Rogers 2009; as cited in Wursig et al. 2018). Leopard seals have an elongated, streamlined body
with long, flipper-like forelimbs, and large, reptilian-shaped heads with a very large mouth. They are gray
with irregular, darker spots. Leopard seals do not dive much, they tend to carry out short (~2 min),
shallow (30 m or less) dives (Krause et al. 2015; as cited in Wursig et al. 2018).
Leopard seals are solitary pinnipeds, and are widely dispersed at low densities on the circumpolar
Antarctic pack ice (Rogers et al. 2013; as cited in Wursig et al. 2018). Most of the leopard seal population
remains within the pack ice, but when the sea ice extent is minimal, leopard seals are restricted to coastal
habitats (Meade et al. 2015; as cited in Wursig et al. 2018). There have been no systematic, large-scale
population census studies of this species, but the leopard seal population is estimated to be between
222,000 and 440,000 (Southwell et al. 2008; as cited in Wursig et al. 2018), and Jefferson et al. (2008)
estimated the abundance of these seals south of the Antarctic convergence to be 220,000. The APIS
program estimated 13,200 leopard seals in the area around the Antarctic Peninsula. Santora et al. (2009)
estimated a density of 0.0003 leopard seals/km2 within a survey area that included locations at the
northern tip of the Anatarctic Peninsula (near Elephant and Joinville islands and in the Bransfield Strait)
and the Scotia Sea. The species is not listed under the ESA or designated as depleted under the MMPA.
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Over three seasons (two Antarctic summers and one winter) from January 21, 2019 through March 31,
2020, marine mammal sightings were recorded during bird observation studies at Palmer Station. Single
leopard seals were occasionally observed lying on the ice in Arthur Harbor or swimming in Hero Inlet
starting in late January until April of 2019. One additional sightings was recorded in July , and no leopard
seals were observed again until November 19, 2019, when three were observed on the ice in Arthur
Harbor. Occasional sightings continued from November 2019 through March of 2020. One March 31, a
leopard seal was observed feeding on a crabeater seal in Hero Inlet.
Because they do not rely on pack ice to breed leopard seals can escape winter food shortages by
dispersing northward. These seals prey on penguins, other marine mammals, and zooplankton; this
combination of apex predator and planktivore is unique for marine mammals. Due to the size of their
mouth, leopard seals can take large-bodied prey including crabeater, Weddell, southern elephant seals and
fur seals.
Male leopard seals reach sexually maturity by 4.5 years, and females by 4 years of age. Mating occurs in
the water, but has been observed only for captive seals. Births occur from October to mid-November on
of Antarctic pack ice floes. Females wean pups on the pack ice. Males do not remain with the females;
and only mother-pup pairs are observed on the ice surface. Lactation lasts for approximately 4 weeks.
Because of their dispersed distribution, leopard seals have never been commercially exploited.
Interactions between seals and scientists or tourists in Antarctica have been benign for the most part,
although there has been one reported human fatality. Because these seals are ice-dependent for breeding,
predicted decreases in Antarctic sea ice due to climate change are likely to negatively affect the leopard
seal.
Acoustics play an important role in the mating system of leopard seals and they become highly vocal
prior to and during breeding. Male seals produce vocalizations in distinctive patterns; each male has a
unique song. The underwater vocalizations of the leopard seal are loud, and can be up to 177 dB re 1 μPa
at 1 m (Rogers 2014; as cited in Wursig et al. 2018 ). Vocalizations range from <4 to 120 kHz (DON
2008). Leopard seals are assigned to functional hearing groups based on the medium (air or water)
through which they are detecting the sounds, for an estimated auditory bandwidth of 75 Hz to 75 kHz .

4.17 Weddell Seal
Weddell seals (Leptonychotes weddellii) are members of the phocid family. They are large, weighing up
to 600 kg with typical weights between 300 and 500 kg. They do not exhibit sexual dimorphism, but
females are slightly larger than males. Weddell seals are thickset often reaching 3 m long and 1 m wide;
their fore flippers are short relative to body length. Their coloration ranges from dark gray dorsally to
light gray/silver ventrally, and this often changes to shades of brown before their annual molt.
Weddell seals aggregate on the ice to molt, and also sporadically dive during this period. After molting,
molting, in fall-winter these seals disperse to sea; some individuals remain within the vicinity of their
colonies, whereas other individuals disperse several hundreds of kilometers away and may not return to
their colonies for several weeks.
The Weddell seal’s range includes coastal areas around the Antarctic continent and they are found in
areas of both fast and pack ice. Weddell seals rarely venture into open, ice-free waters. Animals
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inhabiting the islands of the mostly ice-free northern Antarctic Peninsula are primarily coastal in their
distribution. Weddell seals are the second most abundant species of Antarctic phocid, after the crabeater
seal. The best available abundance estimate suggests that there are well over 1,000,000 individuals in the
Antarctic . Specific to this project, the APIS program estimated about 302,000 Weddell seals in the area
of the Antarctic Peninsula .
Over three seasons (two Antarctic summers and one winter) from January 21, 2019 through March 31,
2020, marine mammal sightings have been recorded during bird observation studies at Palmer Station. On
several occasions individual Weddell seals were observed on shore at Bonaparte Point from the end of
February of 2019 through April of 2019. Weddell seals were observed swimming in Hero Inlet in early
April 2019 on several occasions. No Weddell seals were sighted again until mid-September of 2019,
when an individual was again observed on the ice in Hero Inlet. After September 16, 2019, no Weddell
seals were observed in the vicinity of Palmer Station until January 6, 2020; at that time a seal was
observed in the vicinity of the outfall. As with 2019 observations, Weddell seal sightings at Bonaparte
Pointe increased in mid- to late February of 2020, and continued every day or every few days through
March 27, 2020.
Weddell seals consume epipelagic (0–200 m), mesopelagic (200–1000 m) and benthic prey. They can
dive to depths over 600 m to each the deeper prey items. Thir diet consists maily of fish but they also eat
cepalapods, decapods and Antarctic krill. Their feeding/haulout pattern is diurnal; they haulout during the
day and forage at night, in response to the vertical migration of their prey (Andrews-Goff et al. 2010; as
cited in Wursig et al. 2018).
During the breeding season adult females paired with pups form loose aggregations of up to 100
individuals or more along cracks in the fast ice, with some distance between pairs. Mothers fast during the
first phase of the lactation. Pups are weaned at about 6 weeks; females resume foraging a few weeks
before their pups are weaned. Weddell seal pups, accompanied by their mothers, begin to swim about 2
weeks after birth. Generally adult males remain in the water throughout the breeding season; they
maintain underwater territories and control females’ access to breathing holes and cracks. Fights among
males are common.
When breeding in fast-ice areas Weddell seals are naturally protected from predation. However, when
they move to the pack ice and open waters to forage after molt, they are vulnerable to killer whales.
Antarctic killer whales of the ecotype B (found in the vicinity of project) specialize in hunting seals on
the pack ice, and, juvenile Weddell seals can also fall prey to leopard seals.
Weddell seals were hunted as a food source for both men and dogs during the early periods of Antarctic
exploration and limited harvests continued until the 1990s. Local populations were affected, but have
recovered since harvests ended. Because they are ice dependent Weddell seal populations may decline
with increasing temperatures if as Antarctic sea ice is reduced. However, the fact that some populations
breed on land (e.g., at South Georgia), indicates that the species can colonize different environments,
although the extent of such plasticity is uncertain. Thus, the cumulative effects of global climate change
on Weddell seals are unknown. Other impacts on these seals include increased seasonal tourism, causing
increased vessel noise, disturbance from vessels passage, and close approach by people. A small number
of animals could be injured from collision large vessels as they pass through ice fields. Currently, there
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are no reports of Weddell seals significantly interacting with fisheries, but fisheries in Antarctic waters,
particularly those targeting the Antarctic toothfish, could have an impact on Weddell seal nutrition.
The species emits a wide variety of calls, some of which are complex, and last as long as 70 s (Green and
Burton 1988; as cited in Wursig et al. 2018). Males guard their territories using loud vocalizations (up to
193 dB re 1 μPa), which can transmit across an area of hundreds of km2 (Thomas and Kuechle, 1982; as
cited in Wursig et al. 2018). Weddell seals are assigned to functional hearing groups based on the medium
(air or water) through which they are detecting the sounds, for an estimated auditory bandwidth of 75 Hz
to 75 kHz . Vocalizations range from <4 to 120 kHz (DON 2008).
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5

TYPE OF INCIDENTAL TAKING AUTHORIZATION REQUESTED

Under Section 101(a)(5)(D) of the MMPA, NSF requests an IHA for Level A and Level B harassment
during certain in-water construction activities at Palmer Station Anvers Island, Antarctica. NSF requests
an IHA for one year with an effective date of October 1, 2021 through October 1, 2022.

5.1

Method of Incidental Taking

This authorization request considers noise from DTH driving, and vibratory and impact pile installation
and removal as outlined in Section 2. Underwater noise created during these activities has the potential to
exceed NMFS’ regulatory thresholds described in the revised 2018 Marine Mammal Acoustic Technical
Guidance (NMFS 2018). While increased underwater sound levels from project activities have the
potential to result in a Level A (i.e., permanent [hearing] threshold shift [PTS]) harassment, no serious
injury or mortality is expected as a result of Project activities. Other types of non-serious injury (or Level
B harassment, temporary threshold shift [TTS] or behavioral disturbance) to marine mammals may occur
within the Action Area during the proposed activities (see Section 4). Take could result from the
following in-water construction activities as described in detail in Section 2:
•

DTH driving;

•

Vibratory pile installation (if needed);

•

Vibratory pile and sheetpile removal;

•

Impact pile installation (only if required to seat piles); and

•

Rock chipping (as a contingency only if required to level the sea bottom).

Section 6 provides specific details on the number of estimated takes by species and by type of taking
(e.g., Level A or Level B harassment). Mitigation and monitoring measures described in detail in Sections
11 and 13 would be implemented to minimize the potential for injury or harassment to the maximum
extent practicable.

5.2

Compliance with ‘Small Numbers’ and ‘Negligible Impact’ Requirements of MMPA

Section 101(a) (5)(d) of the MMPA allows, upon request, the incidental, but not intentional taking of
small numbers of marine mammals if certain findings are made (16 U.S.C. 1361 et seq.). An authorization
shall be granted if NMFS finds that the specified activity results in the taking of small numbers and would
have a negligible impact on the species or stock(s), and would have an immitigable adverse impact on the
availability of the species or stock(s) for subsistence uses, and if the permissible methods of taking,
mitigation, monitoring and reporting of such takings are set forth. Section 7 provides an analysis of the
requested takes relative to these requirements.
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6

TAKE ESTIMATES FOR MARINE MAMMALS

Authorization for incidental takes is requested for activities described in Section 2. In order to determine
the potential for interaction during in-water construction activities, a variety of factors are considered in
addition to potential underwater noise including estimated marine mammal densities in the Action Area,
recent observation data in Hero Inlet near Palmer Station, and other biological factors such as propensity
of certain species to travel in groups. The Project is not expected to result in the serious injury or
mortality of any marine mammals.

6.1

Marine Mammal Densities

Information on the density of marine mammals within Hero Inlet in the Palmer Pier Action Area is
limited. Over three seasons (two Antarctic summers and one winter) during the period January 21, 2019
through March 31, 2020, bird observation surveys were undertaken during which marine mammal
observations were also recorded (see Tables 6-1 and 6-2). Species-specific observation data are described
in detail in Chapter 4. Observations within Hero Inlet near Palmer Station included animals observed in
the waters of Hero Inlet, or hauled out at Gamage Point or Bonaparte Point (Table 6-1). In addition,
observations of marine mammals were documented in Arthur Harbor located northwest and on the
opposite side of the peninsula on which Palmer Station is located (Table 6-2). Observations occurred
three times a day for six minutes each.
In Arthur Harbor, observations of humpback whales (38) and one minke whale were also documented
between December 2019 and March 2020 (see Table 6-2). Each of the five seal species have been
observed swimming in the waters of Hero Inlet or hauled out at Gamage Point or Bonaparte Point.
Antarctic fur seals and Southern elephant seals had the highest number of observations in the Action Area
(Table 6-1). Figure 6-1 shows the location from which marine mammal observations were documented.
Observation data summarized in Table 6-1 cover only a small portion of the Action Area that may be
ensonified by the proposed project. Therefore, observation data alone are not adequate to estimate the
potential exposures for Level A and Level B harassment for this project. For this reason, marine mammal
densities used to calculate potential takes are based on a thorough review of the best available and most
recent scientific literature that is publicly available for the Antarctic Peninsula and waters offshore of
Palmer Station.
For the purposes of this IHA application, the Action Area is located nearshore (i.e., Hero Inlet) relative to
the Antarctic Peninsula. Densities for the nearshore area were estimated from studies that took place
generally in the Antarctic Peninsula region (e.g. Santora et al. 2009). To be precautionary for estimating
takes, offshore densities are higher than nearshore densities for five species including Antarctic minke
whale, killer whale, long-finned pilot whale, southern bottlenose whale and sperm whale. For these five
species, the highest density (i.e., offshore) was used to estimate take. There are three species for which
only offshore density information is available (Arnoux’s beaked whale, blue whale and sei whale). For
this reason, offshore densities have been used for these three species as obtained from a report by which
summarized cetacean occurrence in the Amundsen Sea and Southern Ocean, and from data collected
during an expedition by Gohl (2010) in the Amundsen Sea. It should be noted that data from these
sources results in extrapolating across large portions of the region, and from areas where cetaceans and
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seabirds occur in significantly greater densities than the Palmer Pier Action Area. This is due to the
relationship between increased faunal densities and their distribution along the sea ice edge and shelffrontal features in the southern oceans. These oceanographic features are not present within the Action
Area. Therefore, lower densities of cetaceans are expected within close proximity to Palmer Station. The
extrapolated densities represent an overestimate of anticipated densities within the Palmer Station Action
Area.
Densities shown in Table 6-3 represent a greater abundance of marine mammals than what actually
occurs within the immediate Action Area as evident when comparing NSF observation data to estimated
takes. Considered together data summarized in Tables 6-1 through 6-3 represents the best available
information on the occurrence of marine mammals along the Antarctic Peninsula. Table 6-3 also provides
abundances and average group sizes based on cited literature. Footnotes in Table 6-3 indicate whether the
abundances are closer to the project area (Antarctic Peninsula), or are for the entire Southern Hemisphere
or Antarctic waters, as well as how density estimates were derived (i.e., in some cases from sighting data).
TABLE 6-1. NSF MARINE MAMMAL OBSERVATIONS IN HERO INLET OR HAULED OUT
AT GAMAGE OR BONAPARTE POINT NEAR PALMER STATION JANUARY 2019 –
MARCH 2020 IN HERO INLETa

Species
Humpback Whale

January 21 – March 28, 2019
Observationsb

March 30 – October 10, 2019 October 12, 2019 – March 31,
Observationsc
2020 Observationsb, d

%
%
Hauled
Number Swimming
Out
0
N/A
N/A

%
%
%
Hauled
%
Hauled
Swimming Out Number Swimming Out
NA
N/A
2e
100%
N/A

Number
0

Antarctic Fur Seal

73

16%

84%

241

4%

96%

70

21%

79%

Crabeater Seal

20

5%

95%

9

44%

56%

24

4%

96%

Southern Elephant

1

0%

100%

278

1%

99%

0

NA

NA

Leopard Seal

3

33%

67%

3

100%

0%

2

100%

0%

Weddell Seal

8

0%

100%

39

0%

100%

6

0%

100%

Unidentified Seal

0

N/A

N/A

0

NA

N/A

1

100%

0%

aIncludes

animals observed in Hero Inlet waters and hauled out at Gamage Point or Bonaparte Point.
bDefined by observers as Antarctic “summer”.
cDefined by observers as “winter”.
dObservations during this period occurred over six months, nearly twice as long as the previous summer season. This may explain
higher seal numbers.
eObserved outside of Hero Inlet between Bonaparte Point and Janus Island.
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TABLE 6-2. NSF MARINE MAMMAL OBSERVATIONS JANUARY 2019 – MARCH 2020 IN
ARTHUR HARBOR LOCATED ON THE OPPOSITE SIDE OF THE PENINSULA FROM
PALMER STATIONa
Species
Antarctic Minke Whale

January 21 – March 28, March 30 – October 10, October 12, 2019 – March
2019 Observationsb
2019 Observationsc
31, 2020 Observationsb
0
1
1

Humpback Whale

20

18

0

Antarctic Fur Seal

11

3

1

Crabeater Seal

51

66

7

Southern Elephant Seal

0

3

3

Leopard Seal

15

12

0

Weddell Seal

0

0

0

Unidentified Seal Species

0

0

3

aIncludes

animals observed in Arthur Harbor located on the northwest side of the peninsula on which Palmer Station is located.
The peninsula provides a land buffer between Palmer Pier and where these animals were observed.
bDefined by observers as Antarctic “summer”.
cDefined by observers as “winter”.
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TABLE 6-3. ESTIMATED MARINE MAMMAL ABUNDANCE, AVERAGE GROUP SIZE AND DENSITY
Estimated Abundance
Species

Number

Data Sources

Average Group Size
Number

Data Sources

Density (animals/km 2)
Nearshore

Offshore

0.0018

0.0930 c

-

0.000038

Data Sources a

Cetaceans
Antarctic Minke Whale
Balaenoptera
bonaerensis
Arnoux’s Beaked Whale
Berardius arnuxii
Blue Whale
Balaenoptera musculus
Fin Whale
Balaenoptera physalus
Hourglass Dolphin
Lagenorhynchus cruciger

7,395 b
Up to 9

360,000 to
730,000 e
599,300 f
2,300 h IWC (2019)

Up to 12 Gohl (2010)

Santora et al.

d

Gohl (2010) g

2 to 3

NMFS (2020)

-

0.00005

1 to 2

NMFS (2020)

0.0839

0.0072

1 to 60

0.0015

-

Santora et al.

d

2

0.0361

0.0001

Santora et al.
Gohl (2010) g

d

Up to 16

0.0015

0.0313 m

0.0076

0.0079

38,200 i
1,725 j
1,492 b
144,300 e

Santora et al. d
NMFS (2020)

6,500 i
Humpback Whale
Megaptera novaeangliae

Killer Whale
Orcinus orca
Long-finned Pilot Whale
Globicephala melas
edwardii

42,000 j NOAA (2015)
34,000IWC (2019)
52,000 e
50,000 k
25,000

l

d

d

200,000 n

10-20

NOAA (2018)

Navy Marine Species
Density Database (NMSDD)
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Estimated Abundance
Species

Number

Data Sources

Average Group Size

Density (animals/km 2)

Number

Data Sources

Nearshore

Offshore

-

0.0006

0.0066

-

0.00025

20

0.0004

-

Up to 12

0.0006

0.01699 p

0.0999

-

1.76

0.00762

0.0003

-

Southern Bottlenose
Whale
Hyperoodon planifrons

500,000 l

-

Sei Whale
Balaenoptera borealis

626 j

6

NMFS (2020)

Data Sources a
d

NMSDD
NMFS (2020)

43 b
Southern Right Whale
Eubalaena australis
Sperm Whale
Physeter macrocephalus

25-30,000 o
12,000 e

IWC (2019)

12,069 j

d

Pinnipeds
Antarctic Fur Seal
Arctocephalus gazella

Crabeater Seal
Lobodon carcinophaga

Southern Elephant Seal
Mirounga leonina

Leopard Seal
Hydruga leptonyx

21,190 q
-

-

d

2,700,000 r
3,187,000

s

+100
5-10 million

Gohl (2010)

t

413,671 U
44 v

g

d

749,385 o
13,200
220,000 l

s

d

Up to 7

0.0003

0.00005

Gohl (2010)5
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Estimated Abundance
Species

Weddell Seal
Leptonychotes weddelli

Number
302,000

Data Sources

Average Group Size
Number

Nearshore

Offshore

0.0540

0.00013

Data Sources a

s

Up to 56
+1,000,000 o

Data Sources

Density (animals/km 2)

Gohl (2010) g

aNearshore density data source presented first, followed by offshore. For the purposes of estimating takes, nearshore densities have been used except for three species including
Arnoux’s beaked, blue and sei whales.
bReilly et al. (2004) analyzed data from Scotia Sea and northern Antarctic Peninsula
cAinley et al. (2007) counted 104 minke whales in 5,590.4 km2 surveyed. Open ocean density assumes only 20% reported (520 total whales used to calculate density).
dSantora et al. (2009) report number of animals per line transect km. This application assumes a typical strip width of 1km, and the densities attributed to Santora et al. (2009) are
shown as density or animals per km2 to be consistent with other data sources.
eSouthern Hemisphere
fPopulation of all beaked whales south of the Antarctic Convergence, mostly consisting of Southern bottlenose whales.
gDensity calculated by taking sightings in Gohl (2010) and dividing by 315,000 km2, an estimate of area of the Amundsen Sea Continental shelf ; also assumes number of
sightings presented in Gohl (2010) have been corrected.
hPartial coverage of Antarctic feeding grounds
iSouth of 30.7oS.
jSouth of 60oS
kMinimum global abundance estimate for killer whales
lSouth of the Antarctic convergence
mAinley et al. (2007) counted 35 killer whales (in 5,590.4 km2 surveyed. Open ocean density assumes only 20% reported (175 total whales used to calculate density
nAntarctic waters
oTotal abundance
pAinley et al. (2007) counted 19 sperm whales (one group of 7 and one group of 12) in 5,590.4 km2 surveyed. Open ocean density assumes only 20% reported (95 total whales
used to calculate density).
qSouth Shetland Islands
rSouth Georgia
sAPIS survey 1998/1999; aerial surveys along the Antarctic Peninsula
tCircumpolar population
uSouth Georgia Stock of Elephant seals only.
vMean group size of females hauled out during breeding season in South Georgia.

ECO49 | page 6-6

NSF/Office of Polar Programs
Draft IHA Application | Palmer Station Pier Replacement

FIGURE 6-1. LOCATION OF NSF MARINE MAMMAL OBSERVATIONS 2019 - 2020
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6.2

Underwater Acoustic Thresholds for Marine Mammals

published an update to the 2007 Marine Mammal Noise Exposure Criteria, proposing eight discrete
hearing groups including: 1) low frequency cetaceans; 2) high frequency cetaceans; 3) very high
frequency cetaceans; 4) sirenians; 5) phocid carnivores in water; 6) phocid carnivores in air; 7) other
marine carnivores in water; and 8) other marine carnivores in air (Southall et al. 2019). While the 2019
publication considers more recent studies conducted since 2007 to better understand marine mammal
hearing, the 2018 revised Technical Guidance for Assessing the Effects of Anthropogenic Sound on
Marine Mammal Hearing (NMFS 2018) continues to be used for defining regulatory thresholds for
calculating incidental takes of marine mammals under the MMPA. For this reason, the thresholds used in
this application are based on the 2018 revised NMFS guidance. In addition, NMFS released informal
guidance in June 2020 regarding DTH source levels for driving 42-in piles based on limited data reviewed
in Reyff and Heyvaert 2019, Reyff 2019, and Denes et al. 2019; all as cited in NMFS 2020 unpublished.
The 2018 NMFS guidance uses marine mammal hearing groups defined by Southall et al. (2007) with
some modifications based on recent studies. These groups and their generalized hearing ranges are shown
in Table 6-4. Of the seventeen marine mammal species (twelve cetaceans and five pinnipeds) that may
occur in the Action Area, six are classified as low frequency cetaceans (LF), five are mid-frequency
cetaceans (MF), and hourglass dolphins are classified as high-frequency cetaceans (HF) (NMFS 2018).
Crabeater, Southern elephant, leopard and Weddell seals are members of the phocid group, while
Antarctic fur seals are otariid pinnipeds. NMFS (2018) considered acoustic thresholds by hearing group
to acknowledge that not all marine mammals have identical hearing ability or identical susceptibility to
noise or noise-induced PTS. NMFS (2018) also used the hearing groups to establish marine mammal
auditory weighting functions (Table 6-5). These functions are considered in the determination of Level A
threshold criteria as discussed in Section 6.2.1.
TABLE 6-4. GENERALIZED HEARING RANGES FOR MARINE MAMMAL HEARING
GROUPS IN WATER
Hearing Group
Low-frequency cetaceans1 (LF)

Hearing Range
7 Hz to 35kHz

Mid-frequency cetaceans2 (MF)

150 Hz to 160 kHz

High-frequency cetaceans (HF)

275 Hz to 160 kHz

3

Phocids (P)

50 Hz to 86 kHz

Otariids and other non-phocid marine carnivores (O)

60 Hz to 39kHz

4

5

Source: NMFS 2018.
1 For example, humpback and minke whales.
2For example, killer whales.
3For example, hourglass Dolphins.
4Crabeater, Southern Elephant, Leopard and Weddell Seals.
5Antarctic Fur Seals.
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TABLE 6-5. SUMMARY OF WEIGHTING AND EXPOSURE FUNCTION PARAMETERS

Hearing Group
Low-frequency cetaceans (LF)

a
1.0

b
2

f1
(kHz)
0.20

f2
(kHz)
19

K
(dB)
0.13

Mid-frequency cetaceans (MF)

1.6

2

8.8

110

1.20

High-frequency cetaceans (HF)

1.8

2

12

140

1.36

Phocids in water (PW)

1.0

2

1.9

30

0.75

Otariids in water (OW)

2.0

2

0.94

25

0.64

Source: NMFS 2018.

6.2.1

Threshold Criteria for Auditory Injury (Level A) for Marine Mammals

Acoustic thresholds for generating auditory injury defined by permanent threshold shift (PTS or Level A
harassment) in marine mammals are provided in NMFS (2018). A dual metric approach considering both
cumulative sound exposure and peak sound levels was used to determine the PTS thresholds for
impulsive sounds. For non-impulsive sounds, unless the impulsive peak level threshold was exceeded,
only the cumulative sound exposure level was used. As defined in the Technical Acoustic Guidance
(NMFS 2018), different thresholds and auditory weighting functions are provided for different marine
mammal hearing groups. For DTH driving, new NMFS guidance recommends that for 18- to 24-in
diameter piles, an SEL of 154 dB should be used. For 25- to 42 in. diameter piles, the assigned level is
164 dB. The Level A harassment assessment is to be considered as impulsive. The PTS thresholds
corresponding to each marine mammal hearing group are shown in Table 6-6.

6.2.2

Threshold Criteria for Behavioral Harassment (Level B) for Marine Mammals

Marine mammals exposed to underwater sounds of 160 dB RMS or greater are considered to experience
behavioral harassment (Level B) due to impulsive sources such as impact pile driving while the Level B
threshold for non-impulsive sources such as vibratory pile driving is 120 dB RMS or greater (see Table 66). NMFS recent guidance on DTH driving advises analysts to use a source level of 166 dB for Level B
harassment (Denes et al. 2019; as cited in NMFS 2020 unpublished 7). The current interim threshold for
Level B exposure to in air noise is 100 dBA for non-harbor seal pinnipeds.

7

NMFS Guidance for Assessment of DTH Pile Installation, June 2020
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TABLE 6-6. UNDERWATER ACOUSTIC THRESHOLDS FOR MARINE MAMMALS
Non-Impulsive Sources
(Vibratory Pile Driving)

Hearing Group

Impulsive Sources
(Impact Pile Driving)

Level A Dual Criteria
Level A
Level B
(dB SELcum) (dB RMS) (dB Peak SPL)
(dB SELcum)

Low-frequency cetaceans1 (LF)

199

219

183

Mid-frequency cetaceans2 (MF)

198

230

185

High-frequency cetaceans3 (HF)

173

202

155

Phocid pinnipeds in water4 (PW)

201

218

185

Otariid pinnipeds in water5 (OW)

219

232

203

120

Level B
(dB RMS)

160

Note: All decibel (dB) levels are referenced to one microPascal (1μPa). Cumulative levels should be appropriately weighted for
the hearing group for assessment to the threshold
1For example, humpback whales.
2For example, killer whales.
3For example, hourglass dolphins.
4Crabeater, Southern elephant, leopard and Weddell seals.
5Antarctic fur seals.

6.3

Description of Acoustic Sources and Assessment Methodology

A detailed Noise Report for the proposed Project is included as Appendix A. Table 6-7 provides the noise
source levels at 10 m for two pile driving scenarios. Appendix A discusses the sound source levels for all
planned equipment. Table 6-8 presents construction scenarios defined primarily based on the method of
installation (i.e., DTH or vibratory). Figures 6-2 through 6-4 and Appendix B provide figures showing the
underwater noise isopleths for the likely construction scenarios described in Tables 6-7 and 6-8. Sound
levels from pile installation used in this application are based on empirical data 8 collected from other sites
with similar conditions (e.g., rock substrate where DTH driving would be used to install piles). It is
unlikely that a vibratory hammer would be used to install piles. However, a vibratory hammer may be
used for short periods to remove sheetpiles. Therefore, the vibratory method is still evaluated in this
application in the event it must be used. The piles may need to be hammered (impact driven) for short
periods of time to seat the piles in the sockets.
The project contractor assumes that installation of approximately one to two piles would occur over a 12hour work day. To be precautionary, this application assumes two installation activities would occur
simultaneously. For example, two 36-in piles installed simultaneously or one 36-in pile and one 24-in pile
installed at the same time. Brief impact pile driving of about 10 strikes may be used to seat the piles. A
likely approach to installing 36-in piles would be to use DTH to install two 36-in piles simultaneously;
one 36-in pile would be installed to 20-ft socket depth while a second 36-in pile would be installed to a
8ADOT

Hydroacoustic Pile Driving Study – Comprehensive Report (Denes et al. 2016); White Pass and Yukon Railroad
Mooring Dolphin Driving and Drilling (Reyff and Heyvaert 2019; as cited in NMFS 2020 unpublished); Thimble Shoal, VA
DTH Sound Source Characterization (Denes et al. 2019; as cited in NMFS 2020 unpublished).
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30-ft socket depth. The abutment piles require additional depth to support lateral loads and to provide side
friction against ice uplift that could occur at the shoreline.
TABLE 6-7. NOISE SOURCE LEVELS AT 10 METERS FOR 24-IN. AND 36-IN. AND H PILE
INSTALLATION
Measured Sound Levels1
Activity

Peak

RMS

SEL2

TL3

24-Inch Piles@ 20-Foot Socket Depth
DTH Driving

190

170

154

15

Vibratory
Driving4

170

165

165

15

Impact
Driving

195

181

168

15

36-Inch Piles @ 30-Foot Socket Depth5
DTH Driving

190

175

164

15

Vibratory
Driving

180

170

170

15

Impact
Driving

210

193

183

15

H Piles inserted in 24-in. Sockets @ 20-foot Socket Depth
DTH Driving

190

170

154

15

Vibratory
Driving

170

165

165

15

Impact
Driving

195

180

170

15

1See

Appendix A for references and discussion of all sound sources.
is per pulse for impact driving and DTH driving. SEL for vibratory installation is per second.
3Based on average TL for 24-in and 42-in. piles levels.
4Includes removal of 24-in. piles
5While it is possible the socket depth would be only 20 feet, this application assumes the greater depth to be precautionary.
2SEL

This scenario is referred to in Table 6-8 and in Appendix B figures as Scenario 1A which represents the
largest potential zone that could be ensonified to regulatory thresholds for Level A and Level B
harassment. It is also possible that both 36-in piles may be installed simultaneously to 20-ft socket depth
however, to be precautionary, this application has estimated takes based on the two different socket
depths (i.e., 30-ft and 20-ft). A third option may include installing 24-in piles on the same day as 36-in
piles. To account for the highest potential marine mammal takes, this application assumes two 36-in. piles
would be installed simultaneously, one at a socket depth of 30 ft. and one at a socket depth of 20 ft.
Hence, a larger ensonified area shown in the first row of Table 6-8. Rock chipping may be required to
level pile areas and would likely occur on the same day as DTH pile installation. If rock chipping is
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conducted separately from DTH, takes are accounted for by using the area ensonified during DTH to
calculate takes. This precautionary approach overestimates takes that could occur if only rock chipping is
conducted by itself. All sound source levels are provided and discussed in Appendix A of this application.
Existing sheetpile would be removed using vibratory methods. Piles that need to be removed would either
be cut off at the mudline using hand tools or extracted using a vibratory hammer. Cutting piles off at the
mudline would result in less underwater noise than vibratory removal. To be precautionary, this
application considered potential marine mammal takes associated with vibratory removal of piles.
Data are limited regarding source levels for DTH driving. However, in June 2020, NMFS released
guidance stating that source levels (Reyff and Heyvaert 2019, Reyff 2019, and Denes et al. 2019; all as
cited in NMFS 2020 unpublished) for driving 42-in. piles should be used as follows:
•

SELs: 164 dB

•

1-sec SEL: 174 dB

•

SPLpeak: 194 dB

To be conservative, this application considers source levels assuming 42-inch piles are installed following
NMFS June 2020 guidance. Noise levels during installation of the 24- and 36-in. piles are expected to be
slightly less than the assumed source levels. Table 6-7 provides the source levels used to calculate the
distances to impact thresholds during installation of 24-in. and 36-in. piles. For additional information on
modeling DTH driving sources for this project, please refer to Appendix A.
As described in Appendix A (Noise Report), the NMFS User Spreadsheet tool (NMFS 2018) was used to
calculate practical spreading losses for this assessment. The NMFS spreadsheet tool computes the
distances for only one type of sound. Therefore, the daily extent of the PTS isopleths was computed by
summing the source sound exposures for each hearing group and applying the Transmission Loss (TL) for
the continuous sounds. Impulsive sounds from pile driving would have much shorter isopleth distances
and were not included in those calculations. Level A sound exposure is based on the sound received for
an entire workday. Therefore, this assessment assumes a marine mammal (or receiver) would be present
in those cumulative zones for an entire workday. For Level B zones, the near source RMS levels were
used along with the TLs to compute distances to the behavior isopleths of 160 dB for impulsive sounds
and 120 dB for continuous sounds.
The sound TL between a noise source and the receiver can be predicted using an underwater noise
propagation model. When the source level (SL) of the noise source is known, the predicted transmission
loss (TL) is used to predict the received level (RL) at the receiver location as:
RL = SL - TL
Transmission loss between two distances D1 and D2 may be described by a logarithmic relationship with
an attenuation factor x:
TL = 𝑥𝑥 ∙ log (𝐷𝐷1⁄𝐷𝐷2)

Transmission loss would be wholly due to spherical (in deep water) or cylindrical (shallow water)
spreading if all losses due to factors other than geometric spreading are neglected. Spherical spreading
means underwater noise would attenuate by 6 dB with each doubling of distance, or x = 20. Cylindrical
spreading means an attenuation of 3 dB with each doubling of distance, or x = 10.
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indicates that in cases where practical spreading occurs, the attenuation factor can range from 5 to 30.
NMFS recommends a standard TL coefficient of 15 for pile driving where reliable information does not
exist.
The U.S. Navy has assessed diver exposure to the use of a hydrogrinder through underwater
measurements. The Navy measurements were reported in 1/1-octave frequency bands from 125 to 8,000
Hz for the helmet position that was assumed to be 0.5 to 1 meter from the hydraulic grinder operation.
The overall unweighted sound level was computed to be 167.5 dB at 0.5 to 1 meter. Sound levels in this
report are provided for 10-m distances. Since this is a point source of sound, spherical spreading 20 Log
TL coefficient results in a sound level of 142 to 148 dB at 10 meters. The rate the sound level would fall
off in the underwater far-field would be represented by a TL coefficient of at least 20 Log (i.e., 20 dB per
each 10-fold increase in distance) since this is a point source that consists of relatively high frequency
sound. (see Appendix A). Needle scalers scrape off surfaces for rust, paint, etc. and underwater noise
levels should be no higher than those of a hydrogrinder. To be conservative, the upper level of 148 dB at
10m has been used to estimate takes associated with these tools.

6.4

Distances to Predicted Level A and Level B Thresholds

The estimated area that would be ensonified above behavioral thresholds by source is calculated based on
the distance from the Palmer Station Pier to the edge of the NMFS thresholds for each species for Level A
and Level B threshold as shown in Table 6-8 for the scenarios that represent the largest potential area
ensonified to regulatory thresholds. Table 6-8 also shows the estimated number of days for each
installation method by pile type (including contingency days for weather, equipment malfunctions or
other unexpected circumstances). Considering that Palmer Pier is located in a narrow portion of Hero
Inlet, the area potentially ensonified above Level A and Level B thresholds would be truncated by the
proximity to land masses in the Inlet (i.e., shadow effect) (see Figure 6-1). In other words, acoustic
propagation from the source would be impeded by natural features in the water, resulting in acoustic
shadows behind such features. Figures 6-2 through 6-4 present the estimated areas that may be ensonified
based on the calculations shown in Table 6-8 for the construction Scenario 1A (two 36-in piles, one at 30ft and a second at 20-ft socket depth), Scenario 2 (installation and removal of 24-in piles) and Level B.
Additional figures showing areas that may be ensonified during other construction scenarios are provided
in Appendix C. As described in Appendix C, the distances to the thresholds for MF cetaceans are smaller
than for HF or LF cetaceans and are therefore, already incorporated by the areas shown in Figure 6-2
through 6-4.
In addition to data presented in Table 6-8, to evaluate the risk of a marine mammal being exposed to
Level A for the duration of one hour, distances were calculated assuming the following:
3600 seconds at 10Hz with 75% duty cycle = 54,000 pulses (for 2 piles simultaneously)
Based on this information, the distances to the Level A threshold during a 1-hour exposure would be 30 m
for otariids, 413 m for phocids and 772 m for LF cetaceans. As shown in Table 6-1, NSF observation data
demonstrate that most observations of seals were of animals hauled out (i.e., up to 21% of Antarctic fur
seals and only 1% of Southern elephant seals were observed swimming in Hero Inlet). It is assumed that
seals would not remain in the water for a 1-hour period within close proximity of DTH driving such that
they would experience Level A thresholds. However, as described in Section 11, a 50-m shutdown zone
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for seals and shutdown zones for LF cetaceans (3,484-m or 647-m for installation of two piles
simultaneously) 9 would minimize the potential for them to be exposed to Level A thresholds. Hero Inlet
is approximately 135 m wide near Palmer Pier. Antarctic fur seals observed in Hero Inlet do not normally
haul out right across from the pier area but sometimes haul out further up, just past the trolley line (see
Figure 6-1; pers. comm. NSF, October 23, 2020) or near Bonaparte Point. During the period January 2019
through March 2020, only five fur seals were observed at Gamage Point. It is assumed seals may continue
to enter Hero Inlet and haul out. Implementing a 50-m shutdown zone for seals would allow fur seals to
swim up Hero Inlet and haul out while allowing construction to safely and efficiently continue.
While LF cetaceans are not expected given the low numbers observed (see Table 6-1), Level A shutdown
zones during pile driving would prevent exposure. Please see Section 11 for additional discussion
regarding the shutdown zones. The Level B distance to the 120 dB and 160 dB behavioral harassment
zones do not change depending on the amount of activity per day, since they are computed from the RMS
source level. As noted in Table 6-8, it may be possible to install the 24-in. piles on the same day as 36-in.
piles. If this occurs, overall days may be reduced for pile installation. The maximum Level A distance
would be 1,864m (1.4 km2) for phocids in water (PW), 3,484m (3.38 km2) for LF cetaceans, and 4,149m
(4.4 km2) for HF cetaceans (although HF cetaceans are considered rare in the Action Area and Level A
takes are not requested). As described in Section 6.3, it is possible that installation of piles may vary (i.e.,
one 24-in pile and one 36-in pile simultaneously, etc.), this application assumes the largest potential
ensonified zones (i.e., simultaneous installation of two 36-in. piles at 30-ft and 20-ft socket depths
[Scenario 1A]). Level B would be the same (18,478m or 54.99 km2).

6.5

Potential for Cumulative PTS

The calculations of PTS threshold distances (isopleths) for impulsive sounds are based on a dual metric
threshold between the higher level of the SELcum or Peak SPL. Generally, NMFS thresholds have only
accounted for proximity of the sound source to the receiver but thresholds in the recent Technical
Guidance (NMFS 2018) (expressed as weighted SELcum) now take into account the duration as well as
level of exposure. As described in the guidance, an individual animal would need to remain in proximity
to the noise source for a sufficiently long time for PTS to occur due to cumulative noise exposure. NMFS
suggests that a maximum baseline accumulation period of 24 hours is required but acknowledges there
may be specific exposure situations where this accumulation period requires adjustment (e.g., if activity
lasts less than 24 hours or for situations where receivers are predicted to experience unusually long
exposure durations). In practice, the potential for PTS would depend on the likelihood of particular
species being present within the identified distances from the noise source, and on the behavior of the
individual animal in response to noise.
PTS is not expected to occur if an animal moved away from the noise source or if an animal did not
remain underwater for the full 24-hour duration of active noise generation. At Palmer Station, to
minimize the potential for PTS, construction would occur over a 12-hour workday. Therefore, an
individual animal would only be exposed to underwater noise for a maximum of 12 hours. As additional
mitigation, a 50-m shutdown zone for seals and shutdown zones for LF cetaceans (3,484-m or 647-m for
For LF cetaceans, a 3,484-m shutdown zone will be implemented during simultaneous driving of two 36-in piles while a 647-m
shutdown zone will be implemented during simultaneous driving of 24-in piles simultaneously.

9
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installation of two piles simultaneously) 10 would also be established during in-water construction as
described in Section 11.
After sound exposure ceases or between successive sound exposures, it is possible marine mammal
hearing may recover to a certain extent although predicting the level of recovery (i.e., partial or complete
recovery) is complicated. Therefore, some Level A exposure may still occur. Most marine mammals in
the immediate project area are pinnipeds that can haul out on land. As shown in Table 6-1, most seals
observed in Hero Inlet during the period 2018 – 2020 were hauled out (i.e., not swimming under water)
which would minimize potential impacts from project noise because of faster attenuation of sound in the
air. Based on NSF observation data (Table 6-1), while each of the five seal species may occur within the
Level A zone, most seals were observed hauled out. Therefore, their exposure to Level A thresholds
would be limited due to short periods actually underwater. Antarctic fur seals, Southern elephant seals
and Weddell seals have been observed laying on shore at Bonaparte Point. While there is potential for
behavioral harassment of pinnipeds while on land due to the presence of construction activities, PTS is
not expected to occur if animals are hauled out.
The peninsula on which Palmer Station is situated would also buffer underwater noise from entering
Arthur Harbor (see Figures 6-2 through 6-4). In 2018 – 2020, most humpback whales and one minke
whale were observed in Arthur Harbor, not Hero Inlet (See Table 6-2). Taking this into account, animals
would have to stay under water in or near Hero Inlet for an extended period during construction to be
affected. This makes the potential for PTS even less likely. Short-term changes in behavior, the MMPA
definition of “Level B harassment,” may occur but is not likely to be biologically significant or cause
PTS.
Based on these factors, the potential for PTS assumes, for example, that a LF cetacean must remain within
approximately a 3.38 km2 area for the entire 12-hour work day during simultaneous DTH driving of 36-in
piles without any recovery between work periods which seems highly unlikely. Importantly, there were
only two humpback whale observations near Hero Inlet (2019-2020) between Bonaparte Point and Janus
Island during Antarctic winter months. Hourglass dolphins (HF cetacean) are considered rare in this area
and therefore, would not likely experience PTS during construction. Antarctic fur seals (OW) and
Southern elephant seals (PW) are the two most documented pinniped species near Palmer Pier (see Table
6-1) and would need to remain within a very small area of 0.03km2 for a 12-hour period to experience
PTS. Southern elephant and crabeater seals (phocids or PW), would need to remain in-water within the
1.4km2 area for a period greater than the 12-hour work period.
As demonstrated by data in Table 6-1, large cetaceans are not expected to be present within the identified
Level A distances, particularly for long periods when strong anthropogenic sounds are present. However,
in the unlikely event that a LF cetacean enters the Level A zone, DTH pile driving activities would be
shutdown until the animal is no longer observed in the Level A zone for 30 minutes (see Section 11 for
mitigation details). Therefore, shutdown would prevent PTS if a LF cetacean moves through the area. The
DTH pile driving and other sound sources do not operate continuously over a 24-hour period. Rather they
would operate for a maximum of 12 hours a day. A shorter work schedule is a form of mitigation intended
to minimize to the extent practicable any prolonged exposure to sound sources that exceed the Level A
For LF cetaceans, a 3,484-m shutdown zone will be implemented during simultaneous driving of two 36-in piles while a 647-m
shutdown zone will be implemented during simultaneous driving of 24-in piles simultaneously.

10
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thresholds established in NMFS (2018). Animals are not expected to permanently abandon any area and
any behaviors that are interrupted during the activity are expected to resume once the activity ceases. The
exposure of pinnipeds to sounds produced by this project is not expected to affect annual rates of
recruitment or survival of the five species that may occur in the area. Mitigation and monitoring measures
are described in Sections 11 and 13, respectively.

6.6

Sources of Physical Disturbance

The potential sources of physical disturbance to marine mammals during Palmer Pier construction
activities are associated with the physical presence of humans on the pier, vessels such as the tug working
within Hero Inlet, and noise introduced into the air and water from pile driving (see Section 6.4). Vessels
or humans would not be permitted to intentionally approach marine mammals on sea or land during the
project. Mortality and serious injury of marine mammals due to vessel strikes is not expected in Hero
Inlet due to the stationary nature or slow speed of the working tug and the required use of Protected
Species Observers (PSOs) as a required mitigation measure. Project activities can be shutdown by the
PSO if the activity presents any immediate threat or harm to a marine mammal.
In addition, certain standard mitigation measures are proposed as described in Sections 11 and 13. As
described in Section 6.1, seals have been observed hauled out at Gamage Point (near Palmer Pier) but
shows the closest regular haulout location at Bonaparte Point (approximately 135-150 m [442-492 ft]
from Palmer Pier). In-air noise generated during construction activities at the pier should attenuate in air
to less than levels that exceed NMFS established Level B thresholds, before reaching the opposite side of
Hero Inlet where seals may be on shore. A 2016 Final Rule for construction of a Navy Pier (81 FR 52614)
estimated the greatest possible distances to airborne noise during installation of a 24" steel pile (using a
source level of 111 dB re 20 microPascals) as 168.3m to the 90 dB threshold for harbor seals and 53.2m
for all other seals (using a 100dB threshold). A 2019 Final Rule published for construction of the Liberty
Development in Alaska estimated airborne noise during impact pile driving as 81 dB re 20 microPascals
at 100 m and 93 dB re 20 microPascals at 160 m (84 FR 70274). Therefore, based on the distance to
Bonaparte Point, it is unlikely that animals hauled out across Hero Inlet will be exposed to levels above
the NMFS Level B threshold for disturbance. Seals may leave the haulout briefly if disturbed but would
be expected to return. There is recognition that minor and brief changes in behavior such as this do not
generally have biologically significant consequences for marine mammals. As described in more detail in
Section 6.7, estimated exposures and the related take request is already conservative and an overestimate.
Given the limited vessel traffic and slow vessel speed or stationary nature of the working tug and that
other construction activities would be on land at the pier, additional takes are not requested for physical
disturbance due to human or vessel activities.
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TABLE 6-8. PILE SIZES, ESTIMATED DAYS FOR SIMULTANEOUS PILE INSTALLATION AND DISTANCES/AREAS
ENSONIFIED DURING CONSTRUCTION1

Construction
Scenario2

1A

Pile Type
36-in piles
(one @30-ft socket
depth and one @20-ft
socket depth)
32-in piles (Bent 1)

See footnote
4

2

3

Optional
TOTAL
1Assumes

Total
Piles

Contingency
Days

18

2

4

36-in piles
(@20-ft socket depth)
24-in @ 20-ft socket
depth and 36-in @
30-ft socket depth
simultaneously

Total Days

Level A
Max
Distance
Cetaceans3
(m)

Level A
Max Area
Cetaceans3
(km2)

47

3,484 (LF)
4,149 (HF)
124 (MF)

3.38 (LF)
4.4 (HF)
0.03 (MF)

3,002 (LF)
3,576 (HF)
107 (MF)
2,885 (LF)
3,436 (HF)
103 (MF)

2.75 (LF)
3.51 (HF)
0.02 (MF)
2.61 (LF)
3.31 (HF)
0.02 (MF)

647 (LF)
770 (HF)
23 (MF)

0.30 (LF)
0.40 (HF)
0.002 (MF)
0.006 (LF)
0.012 (MF)
~0 (MF)
0.001 (LF)
0.003 (HF)
~0 (MF)
n/a

(including
contingency)

2

See footnote 4

24-in RHIB fender

3

24-in Template

16

24-in Retaining Wall

2

24-in H Pile

7

Pile Removal (24-in)

16

2

4

Sheetpile Removal5

20

2

4

Anode Installation

n/a

2

18

51 (LF)
75 (HF)
5 (MF)
23 (LF)
35 (HF)
2 (MF)
n/a6

Rock Chipping

unk

unk

447 (LF)

88

2
2

9

16

Level A
Max
Distance
Pinnipeds3
(m)

Level A
Max Area
Pinnipeds3
(km2)

Level B
Distance
All
Species
(m)

Level B
Area
All Species
(km2)

1,864 (PW)
136 (OW)

1.4 (PW)
0.03 (OW)

18,478

54.99

1,607 (PW)
117 (OW)

1.12 (PW)
0.03 (OW)

18,478

54.99

1,544 (PW)
133 (OW)

1.06 (PW)
0.03 (OW)

18,478

54.99

346 (PW)
25 (OW)

0.11 (PW)
0.002
(OW)

18,478

54.99

31 (PW)

0.002 (PW)

10,000

20.78

14 (PW)

0.0006
(PW)

4,642

5.27

n/a

n/a

251

0.07

215 (PW)

3,162

89

simultaneous installation (i.e., two pile installations occurring at the same time).
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2As

described in Section 6.3, Scenario 1A presents the greatest extent of potential underwater noise and therefore is used to estimate potential marine mammal exposures. A
scenario is defined based on the primary method of installation and does not necessarily mean the activities listed under a particular scenario occur on the same day unless
specified as such (i.e., such as for Scenario 1A). If rock chipping occurs, it has been accounted for by calculating takes based on the area enosonified during DTH. If required, it is
not possible to estimate the number of days it may occur (per K. Mansfield Pers. Comm. June 25, 2020). Therefore, this application assumes it may occur during the days when
DTH may be used and therefore takes are calculated based on DTH zones. DTH driving would be the dominant noise source during those days.
3Level A distances are shown for cetaceans and pinnipeds by hearing group based on the NMFS User Spreadsheet and new DTH guidance. For all scenarios, the distances/areas for
MF cetaceans are much smaller than for HF or LF and are therefore, not considered for determining mitigation and monitoring measures. These zones are based on the assumption
that listed activities happen simultaneously. For example, two 36-in piles would be installed at a time as shown for Construction Scenario 1A. Zones shown for Construction
Scenario 2 assume two 24-in piles would be installed at a time.
4The most likely approach to installing 36-in piles is to drill two 36-in piles simultaneously to 20-ft depth. However, to be precautionary in accounting for the potential to take
marine mammals, this application assumes the socket depth will be 30 feet and hence, a larger ensonified area shown in the first row. It is possible that two 36-in piles (one at 20-ft
socket depth and a second at 30-ft socket depth) may be driven simultaneously. As another option, 24-in piles may be driven on the same day as 36-in piles. This case is given in
Table 13 of the Noise Report (Appendix A). If either of these options occur, overall days may be reduced for pile installation.
5This IHA application assumes 20 pairs. It is assumed that the sheetpiles will be removed in pairs if not larger sections, but this is currently unknown. The existing sheet piles are
likely locked together by corrosion and will probably be damaged or destroyed as they are removed. It is unknown how the sheetpiles will come apart/remain locked during
extraction.
6 Anode installation would involve the use of a hydrogrinder or needle scaler. These tools would not result in reaching Level A thresholds.
Optional: indicates activities that are only contingencies. For example, rock chipping would most likely occur during other sound-producing activities with greater threshold
distances and therefore, are not included in the estimate of days required.
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FIGURE 6-2. SCENARIO 1A: SIMULTANEOUS INSTALLATION OF TWO 24-IN PILES USING DTH (ONE PILE TO 20-FT
SOCKET DEPTH AND A SECOND PILE TO 30-FT SOCKET DEPTH)
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FIGURE 6-3. POTENTIAL LEVEL A THRESHOLD AREA FOR SCENARIO 2: SIMULTANEOUS INSTALLATION OF TWO 24-IN
PILES
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FIGURE 6-4. POTENTIAL LEVEL B THRESHOLD AREA FOR SIMULTANEOUS AND NON-SIMULTANEOUS PILE
INSTALLATION AND REMOVAL ACTIVITIES

Note: Isopleths shown in the legend do not relate to specific construction scenarios.
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6.7

Estimated Incidental Take

For species that may occur within the Project area, takes are estimated by considering the density of
marine mammals per km2 multiplied by the potential area ensonified (km2) and the number of days the
noise could occur during in-water construction. As described in Section 6.1, the Project is located in the
nearshore environment relative to the Antarctic Peninsula as defined by data reported in Santora et al.
2009. With the exception of eight species, nearshore density data are used to estimate takes. To be
precautionary for estimating takes, offshore densities are higher than nearshore densities for five species
including Antarctic minke whale, killer whale, long-finned pilot whale, southern bottlenose whale and
sperm whale. For these five species, the highest density (i.e., offshore) was used to estimate take. For
Arnoux’s beaked, blue and sei whales, offshore densities are used as based on Gohl (2010) because
nearshore density data are not available. In addition to considering density data presented in the literature,
recent marine mammal observation data presented in Table 6-1 for Hero Inlet are also considered in the
take estimates.
The calculation for estimating takes is as follows:
Species Density (km2) x Area Ensonified (km2) x Days = Exposure Estimate
Exposure Estimate Compared to Hero Inlet Observation Data
Exposure Estimates Adjusted if Necessary Based on Observations = Estimated Exposures
Table 6-9 presents estimated exposures for Level A associated with DTH driving and vibratory removal
of sheetpile and template piles. Take calculations assume that the effective implementation of shutdown
zones for the Level A ensonified area (see Section 11) would prevent non-acoustic injuries (i.e., from
interaction with construction equipment in the water) and minimize the potential for mammals to
experience Level A thresholds (see Sections 6.4, 6.5 and 11). Appendix B provides a detailed breakdown
for the exposure estimates. The estimates shown in Table 6-9 and Appendix B do not consider
observation data or account for mitigation.
TABLE 6-9. LEVEL A EXPOSURE ESTIMATES WITHOUT CONSIDERING OBSERVATION
DATA, MITIGATION OR GROUP SIZE
Species

Total Level A
Exposures

Antarctic Minke Whale (LF)

15.23

Arnoux's Beaked Whale (MF)

0.00

Blue Whale (LF)

0.01

Fin Whale (LF)

13.74

Hourglass Dolphin (HF)

0.32

Humpback Whale (LF)

5.91

Killer Whale (MF)

0.04

Long-finned Pilot Whale (MF)

0.01

Southern Bottlenose Whale (MF)

0.01

Sei Whale (LF)

0.04
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Species

Total Level A
Exposures

Southern Right Whale (LF)

0.07

Sperm Whale (MF)

0.02

Antarctic Fur Seal (OW)

0.15

Crabeater Seal (PW)

119.07

Southern Elephant Seal (PW)

0.02

Leopard Seal (PW)

0.02

Weddell Seal (PW)

3.65

Table 6-10 presents estimated exposures for Level B associated with DTH driving, vibratory removal of
sheetpile and template piles, and installation of anodes. Appendix B provides a detailed breakdown for
these exposure estimates. The estimates shown in Table 6-10 and Appendix B were calculated using
density data and do not consider observation data or mitigation. Table 6-11 presents total estimated
exposures for Level A and Level B without considering observation data or mitigation measures.
TABLE 6-10. LEVEL B EXPOSURE ESTIMATES WITHOUT CONSIDERING OBSERVATION
DATA, MITIGATION OR GROUP SIZE
Species
Antarctic Minke Whale (LF)

Total Level B
Exposures
312.25

Arnoux's Beaked Whale (MF)

0.14

Blue Whale (LF)

0.17

Fin Whale (LF)
Hourglass Dolphin (HF)

281.70
4.94

Humpback Whale (LF)

121.21

Killer Whale (MF)

111.70

Long-finned Pilot Whale (MF)

28.19

Southern Bottlenose Whale (MF)

23.55

Sei Whale (LF)

0.84

Southern Right Whale (LF)

1.34

Sperm Whale (MF)
Antarctic Fur Seal (OW)
Crabeater Seal (PW)

16.73
356.50
6,128.78

Southern Elephant Seal (PW)

1.04

Leopard Seal (PW)

1.04

Weddell Seal (PW)

187.97
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TABLE 6-11. LEVEL A AND B EXPOSURE ESTIMATES WITHOUT CONSIDERING
OBSERVATION DATA, MITIGATION OR GROUP SIZE
Species

Total Level A
Exposures

Total Level B
Exposures

Antarctic Minke Whale (LF)

15.23

Arnoux's Beaked Whale (MF)

0.00

0.14

Blue Whale (LF)

0.01

0.17

Fin Whale (LF)

13.74

281.70

Hourglass Dolphin (HF)

0.32

4.94

Humpback Whale (LF)

5.91

121.21

Killer Whale (MF)

0.04

111.70

Long-finned Pilot Whale (MF)

0.01

28.19

Southern Bottlenose Whale (MF)

0.01

23.55

Sei Whale (LF)

0.04

0.84

Southern Right Whale (LF)

0.07

1.34

Sperm Whale (MF)

0.02

16.73

Antarctic Fur Seal (OW)

0.15

356.50

119.07

6,128.78

Southern Elephant Seal (PW)

0.02

1.04

Leopard Seal (PW)

0.02

1.04

Weddell Seal (PW)

3.65

187.97

Crabeater Seal (PW)

312.25

Table 6-12 compares nearshore observations documented over the period January 2019 – March 2020
over three seasons (two Antarctic summers and one winter) in the vicinity of Palmer Pier. Observation
data shown in Table 6-12 are important to consider in the take request shown in Table 6-13. Over two
summer seasons, two humpback whales were observed during the month of March (2019) outside of Hero
Inlet, between Bonaparte Point and Janus Island. Observations of 38 humpback whales and one minke
whale were documented in Arthur Harbor during the same two summer seasons (see Table 6-2) 11. Arthur
Harbor is buffered from the Action Area by land, and is much more open than the narrow entrance to
Hero Inlet. This narrow entrance may be one factor (others may include prey availability and bathymetry)
that would inhibit large whales from entering Hero Inlet. Therefore, while those data are useful for
context in this application, a direct comparison of observation data from Arthur Harbor is not as
informative as the data from Hero Inlet, Bonaparte Point and Gamage Point ahown in Tables 6-1 and 612.
While all seal species considered in this IHA have been observed in Hero Inlet or at Bonaparte or Gamage
Points, most seals were hauled out (see Table 6-1). During months November – March, Antarctic fur seals
were the most observed seal species with 73 observed between January and March 2019 and 70 observed
between October 2019 and March 2020. During the period March 30 through October 10, 2019 there
were 241 Antarctic fur seals and 278 Southern elephant seals observed. Weddell seals were the next most
Observations reported during two Antarctic summer seasons January 21 – March 28, 2019 and October 12, 2019 – March 31,
2020.

11
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sighted seal, with 39 observed in this time period. Weddell, Antarctic fur and Southern elephant seals
have been observed on shore at Bonaparte Pointe on the other side of Hero Inlet from the Pier (see Figure
6-1). Pinniped observations may have been multiple sightings of fewer individuals from shore-based
observations, however, this cannot be determined. As described in Section 6.4, seals do not normally haul
out across from the pier area. They sometimes haul out further up Hero Inlet, just past the trolley line
(pers. comm. NSF, October 23, 2020).
Due to the remote nature of the Project site and associated logistical challenges, it is neither safe nor
feasible to place observers on small vessels or on remote islands for monitoring the boundary between the
Level A and B zones. As described in Section 11, PSOs would monitor from elevated land-based
locations at Palmer Station. By using reticle binoculars, the Level A distance should be observable out to
approximately 4.36 km. Level A shutdown zones are proposed for pinnipeds and LF cetaceans as
described in Sections 11 and 13 within the observable distance of 4.36 km. PTS is based on cumulative
exposure over a 24-hour period, brief Level A takes would not result in serious injury or mortality unless
in the unlikely event that animals remained in the Level A zone for 24 hrs or more.
When comparing the estimated exposures based on densities for pinniped species (Table 6-12), the
estimated takes differ from the number of animals observed by NSF from Palmer Pier (Table 6-12). For
this reason, the number of requested fur, leopard and Weddell seal takes (Tables 6-13 and 6-14) have
been modified to reflect observations. For example, fin whale takes are reduced from calculated estimates
based on density because no fin whales have ever been observed in the vicinity of Palmer Pier and the
only regional density for fin whales (Table 6-3) was taken from an area which included nearshore, deep
basin areas of the Bransfield Strait. Hero Inlet is shallower and narrower and much smaller overall than
Bransfield Strait however, these data provide the best information on species potentially affected by the
Project. Considering these factors, the requested takes have been modified for certain species to address
the maximum number observed in Hero Inlet (i.e., certain pinnipeds) or based on the highest density
available (i.e., minke whale , killer whale, long-finned pilot whale, southern bottlenose whale, and sperm
whale). Humpback whale Level A takes (6) are based on density presented in Table 6-3. Only two
sightings of whales were noted between Bonaparte Point and Janus Island outside of Hero Inlet.
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TABLE 6-12. COMPARISON OF OBSERVATION DATA FROM HERO INLET, GAMAGE
POINT AND BONAPARTE POINT 2019 – 2020 TO TOTAL LEVEL A EXPOSURE
ESTIMATES CALCULATED BASED ON DENSITY DATA

Species

January 21 –
March 28,
2019
Observations

March 30 October 10,
2019
Observations

October 12,
2019 – March
31, 2020
Observations

Estimated Total
Level A
Exposures

Humpback Whale (LF)

0

2a

0

5.91

Antarctic Fur Seal (OW)

73

241

70

0.15

Crabeater Seal (PW)
Southern Elephant Seal
(PW)
Leopard Seal (PW)

20

9

24

119.07

1

278

0

0.02

3

3

2

0.02

8

39

6

3.65

Weddell Seal (PW)
aObserved

outside of Hero Inet, between Bonaparte Point and Janus Island.

Considering NSF observation data for the nearshore environment around Palmer Pier and mitigation
measures proposed in Section 11, Tables 6-13 and 6-14 present the Level A and Level B takes requested
during construction.
These estimates assume:
•

Level A and Level B takes requested are assumed to occur over the construction period and the
areas that may reach thresholds. Exposures to sound levels at or above the relevant thresholds
equate to take, as defined by the MMPA.

•

Takes by acoustic harassment would only occur during those days when DTH driving, vibratory
pile removal or driving, or anode installation occurs;

•

Level B impact area for vibratory methods is equal to 55 km2 minus the Level A impact areas
shown above because animals estimated to occur in the Level A zone are counted as Level A
takes. Level A thresholds will not be reached during anode installation;

•

Exposures are based on total number of days that DTH, pile driving or pile removal, or anode
installation could occur;

•

One day equates to any length of time that piles are driven or the hydrogrinder or needle scaler
are used whether it is a partial day or the 12-hour period. Importantly, the hydrogrinder or needle
scaler would only be used approximately one hour per day over a 18-day period;

•

Implementation of shutdown zones would allow seals to swim up Hero Inlet and haul out (i.e., on
the side opposite from construction) while allowing construction to safely and efficiently
continue. Shutdown zones for LF cetaceans would prevent Level A take for those species.

•

Marine mammals potentially occurring in the ensonified Project area during in-water construction
are assumed to be incidentally taken;

•

An individual animal can only be taken once during a 24-hour period.

Potential take estimates overestimate the actual number of individuals taken, assuming that available
population data and modeled threshold areas are accurate. The analysis is based on number of days and
while DTH driving or pile removal can occur any day throughout the in-water work window, only a
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fraction of that time (typically a matter of hours on any given day) is actually spent conducting pile
driving or removal. Take estimates are considered conservative, especially if each take is considered for a
separate individual animal.
Tables 6-13 and 6-14 summarize the number of requested Level A and B takes for each species. For
Antarctic minke whale, killer whale, long-finned pilot whale, southern bottlenose whale and sperm whale,
takes are based on the highest density estimate available. In addition, Level B takes for cetaceans
including Arnoux’s beaked whale, blue whale, hourglass dolphin, killer whale, sei whale, Southern right
whale and sperm whale, Level B takes have been adjusted based on group size such that a higher level of
Level B take is requested than was projected solely based on densities. In addition, where appropriate, the
requested takes have been adjusted from the calculated takes based on observation data (or lack of
observations) as summarized in Table 6-12.
TABLE 6-13. LEVEL A TAKE REQUEST
Species
Antarctic Minke Whale (LF)

Estimated Level A Exposure
(from Table 6-9)
15.23

Requested Level A Take
15

Arnoux's Beaked Whale (MF)

0.00

0

Blue Whale (LF)

0.01

0

Fin Whale (LF)

13.74

13

Hourglass Dolphin (HF)

0.32

0

Humpback Whale (LF)

5.91

6

Killer Whale (MF)

0.04

0

Long-finned Pilot Whale (MF)

0.01

0

Southern Bottlenose Whale (MF)

0.01

0

Sei Whale (LF)

0.04

0

Southern Right Whale (LF)

0.07

0

Sperm Whale (MF)

0.02

0

Antarctic Fur Seal (OW)

0.15

80a

119.07

120

Southern Elephant Seal (PW)

0.02

0

Leopard Seal (PW)

0.02

5a

Weddell Seal (PW)

3.65

10a

Crabeater Seal (PW)

aIncreased

from calculated exposures due to observations shown in Table 6-12.
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TABLE 6-14. LEVEL B TAKE REQUEST

312.25

Requested Level B
Take
312

0.14

12

0.17

2

281.70

282

4.94

60

Humpback Whale (LF)

121.21

121

Killer Whale (MF)

111.70

112

Long-finned Pilot Whale (MF)

28.19

28

Southern Bottlenose Whale (MF)

23.55

24

0.84

6

1.34

20

16.73

17

356.50

357

6,128.78

6,129

Southern Elephant Seal (PW)

1.04

1

Leopard Seal (PW)

1.04

1

Weddell Seal (PW)

187.97

188

Species
Antarctic Minke Whale (LF)
Arnoux's Beaked Whale (MF)
Blue Whale (LF)

Estimated Level B Exposures
a

a

Fin Whale (LF)
Hourglass Dolphin (HF)

Sei Whale (LF)

a

a

Southern Right Whale (LF)

a

Sperm Whale (MF)
Antarctic Fur Seal (OW)
Crabeater Seal (PW)

aLevel

B takes increased to account for group size (see Table 6-3) assuming one group is encountered during the project. This is
likely an overestimate of potential Level B takes.

Under the 1994 Amendments to the MMPA, Level B take by harassment is defined as activities that have
the “potential to disturb a marine mammal or marine mammal stock in the wild by causing disruption of
behavioral patterns, including, but not limited to, migration, breathing, nursing, breeding, feeding, or
sheltering but which does not have the potential to injure a marine mammal or marine mammal stock in
the wild”. While there is general recognition that minor and brief changes in behavior generally do not
have biologically significant consequences for marine mammals and do not “rise to the level of taking” ,
this application considers exposure as a proxy for take to be precautionary and ensure compliance with
the MMPA. Based on available data, it is unlikely that the potential behavioral effects from this Project
would result in anything more than minor, biologically insignificant consequences for any individual
animals or for the population.
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7

ANTICIPATED IMPACT OF THE ACTIVITY ON SPECIES AND
STOCKS

NSF is requesting authorization for Level A and Level B takes by acoustical harassment of marine
mammals as described in Section 6. Many of the estimated takes are likely to be multiple takes of
individual animals, rather than single takes of unique individuals. However, for this request each take is
considered an individual animal. Although construction of the Palmer Pier has the potential to adversely
impact the health and condition of an individual marine mammal, adverse effects on annual rates of
recruitment or survival of the affected marine mammal species or stocks are not anticipated. Table 7-1
provides the total requested Level A and B takes as a percentage of each species abundance (from Table
3-1).
TABLE 7-1. TOTAL LEVEL A AND B TAKE REQUESTED AS A PERCENTAGE OF SPECIES
ABUNDANCE
Annual Level A and B Takes
Requested
327

Takes as Percent of Abundance
0.0654%

12

0.0020%

2

0.0870%

295

0.7723%

Hourglass Dolphin (HF)

60

0.0417%

Humpback Whale (LF)

127

0.2540%

Killer Whale (MF)

112

0.1400%

Long-finned Pilot Whale (MF)

28

0.0140%

Southern Bottlenose Whale (MF)

24

0.0048%

6

0.9585%

Southern Right Whale (LF)

20

0.0667%

Sperm Whale (MF)

17

0.1417%

437

0.0162%

6,249

0.0893%

Southern Elephant Seal (PW)

1

0.0001%

Leopard Seal (PW)

6

0.0027%

Weddell Seal (PW)

198

0.0198%

Species
Antarctic Minke Whale (LF)
Arnoux's Beaked Whale (MF)
Blue Whale (LF)
Fin Whale (LF)

Sei Whale (LF)

Antarctic Fur Seal (OW)
Crabeater Seal (PW)

7.1

Hearing Impairment and Non-auditory Injury

Permanent or temporary hearing impairment or threshold shifts (PTS or TTS) could occur when marine
mammals are in close proximity to the sound source and are exposed to very loud sounds of a short
duration or to quieter sounds over a prolonged time period. Whether the threshold shifts is temporary or
permanent depends on the intensity of the sound and length of time exposure. Typically, TTS occurs due
to impacts to middle-ear muscular activity, increased blood flow, and general auditory fatigue (Southall et
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al. 2007). At the TTS level, the animals do not experience a permanent change in hearing sensitivity and
exhibit no signs of physical injury.
Hearing impairment and non-auditory physical effects (e.g., stress) might occur in marine mammals
exposed to strong, pulsed underwater sounds. However, only limited data is available from studies using
captive marine mammals, and there is no evidence that these effects occur even for marine mammals in
close proximity to sound sources.
The proposed Project would have the potential to result in Level A and Level B harassment of pinnipeds
and cetaceans due to increased underwater noise associated with pile removal and installation. The
potential impacts from Level B harassment would be temporary. Mitigation measures discussed in
Section 11, would be incorporated into the Project to prevent Level A harassment, or PTS. Given the brief
duration of exposure of any marine mammal in combination with the proposed monitoring and mitigation
measures, auditory impairment or other non-auditory physical effects are unlikely to occur during the
proposed Project.

7.2

Masking

Natural and artificial sounds can disrupt behavior by masking. The masking of communication signals by
anthropogenic noise may be considered as a reduction in the communication space of animals . It is
important to consider the frequency range of the potentially masking sound to determine behavioral
impacts. Because sound generated from in-water pile driving is of low frequency, it may have less effect
on high frequency sounds made by porpoises. DTH pile driving produces the most intense underwater
sounds that would be generated by construction of the proposed Project. Because the energy distribution
of noise from DTH and pile driving covers a broad frequency spectrum, sound from these sources would
likely be within the audible range of marine mammals present in the Action Area.
The duration of impact pile driving for this Project would be relatively short-term or may not be
necessary or not used at all. The probability that underwater noise generated from impact pile driving
would mask acoustic signals important to the behavior and survival of marine mammal species is low.
Vibratory pile driving is also relatively short-term, with rapid oscillations occurring throughout driving. It
is possible that noise resulting from vibratory pile driving during Project construction may mask acoustic
signals important to the behavior and survival of marine mammal species, but the short-term duration and
limited affected area would result in insignificant impacts. Any masking event that could possibly rise to
Level B harassment under the MMPA would occur concurrently within the zones of behavioral
harassment already estimated for DTH, vibratory and impact pile driving, which have already been taken
into account in the exposure analysis.

7.3

Disturbance Reactions

NMFS guidance directs that DTH be considered a continuous sound source for Level B harassment and
an impulsive sound source for Level A impacts. Marine mammal responses to continuous sound sources
have not been documented as well as responses to pulsed sounds. The onset of either DTH or pile driving
could result in temporary, short term changes in typical animal behavior or avoidance of the affected area
. The biological significance of behavioral disturbances is difficult to predict, especially if the detected
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disturbances appear to be minor. Behavioral modification would only be considered biologically
significant if the growth, survival, or reproduction are affected.

7.4

Small Numbers Consideration

Table 7-1 demonstrates that the number of animals potentially exposed to elevated noise levels from the
Project that could result in a Level A or Level B take by harassment compared of stock size. Table 7-1
shows that less than 0.95% of total abundance for any species would be potentially affected by Level A
and B acoustic harassment due to Project construction. For the majority of species less than 0.25% of the
population would be affected. These percentages in Table 7-1 would be further reduced when considering
that multiple takes of individuals would likely be taking place rather than each estimated take occurring to
a unique individual. In all cases, the take request is considered to be a “small” number pursuant to NMFS
guidance and would not have any effect on populations, population recruitment or survival.
Based on this analysis of the likely effects of the specified activity on marine mammals, and taking into
consideration the implementation of the mitigation and monitoring measures (see Section 11), only small
numbers of marine mammals are likely to be taken relative to the populations of the affected species or
stocks.

7.5

Negligible Impact Consideration

Negligible impact is “an impact resulting from the specified activity that cannot be reasonably expected
to, and is not reasonably likely to, adversely affect the species or stock through effects on annual rates of
recruitment or survival” 12. A negligible impact finding is based on the lack of likely adverse effects on
annual rates of recruitment or survival (i.e., population-level effects). In all cases, the requested number of
Level A and B takes combined are less than 0.8% of the estimated abundance for the species (Table 7-1).
Level B takes are neither considered serious or injurious and would not result in mortality. Therefore, the
requested levels of both Level A and Level B takes would not adversely affect recruitment or survival of a
species or stock.
However, an estimate of the number of Level A or Level B harassment takes alone generally does not
provide sufficient information to base an impact determination. In addition to considering estimates of the
number of marine mammals that might be “taken” through behavioral harassment, other factors were
considered such as the nature of any responses (their intensity, duration), the context of any responses
(critical reproductive time or location, migration, etc.), as well as the number and nature of estimated
Level A harassment takes, the number of estimated mortalities, effects on habitat, and the status of the
species.
DTH, pile driving activities and the use of hand tools associated with the proposed Project have the
potential to temporarily disturb or displace marine mammals. Specifically, underwater sound generated
from DTH, pile driving or anode installation during construction activities may result in Level A or Level
B harassment (behavioral disturbance) for all species authorized for take. Potential takes could occur if
individuals of these species are present in the ensonified zones described in Section 6 when driving is
underway.

12

Definition at 50 CFR 216.103
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While Level A takes have been requested for this project, the occurrence of PTS, serious injury, or death
would be extremely unlikely for all authorized species. The request for Level A takes is considered
precautionary and helps to determine the appropriate level of mitigation and monitoring, which would
further ensure that Level A takes are avoided. Any pinnipeds potentially exposed to Level A take
thresholds and potential injury would have to be in close proximity to the pier while transiting to or from
foraging in areas. Therefore, the exposure would occur over a very short duration. If any seals come
within the 50-m shutdown zone (see Section 11), Project activity would be stopped until the seal is safely
out of that zone. If a LF cetacean is observed within the 3,484-m or 647-m shutdown zones during pile
driving activities (see Section 11), activities would be shut down until the animal has not been seen in the
zone for 30 minutes.
Soft start techniques would be employed during impact pile-driving operations to allow marine mammals
to vacate the area prior to commencement of full power driving (see Section 11 Mitigation). Due to the
sizes of the Level A zones and the safety and logistical concerns associated with monitoring under such
circumstances, NSF assumes there would be Level A takes for species described in this application and
therefore requests take. However, for PTS to occur, animals would need to remain in these zones for 24
hours. For seals to experience Level A thresholds within a 1-hour duration, otariids would need to remain
underwater within 30m while phocids would need to remain underwater within 413m from the source.
Based on observation data (Table 6-1), most seals swim through the area and haul out on land. Therefore,
any exposure to Level A thresholds would be relatively brief (i.e., less than one hour). Additionally, NSF
proposes a 12-hour work day to minimize any potential for PTS to prevent or significantly reduce the
likelihood of injury to these species. NSF would also record all marine mammal observations, behavior or
behavioral reactions observed, and any observed incidents of behavioral harassment. These data would be
provided to NMFS in a report upon completion of the project.
Based on current literature as well as monitoring from other similar activities, effects on individuals that
are taken by either Level A or Level B harassment would be considered insignificant to minor. Most
individuals would simply move through, or away from, the sound source and be temporarily displaced
from the areas of DTH and pile driving. This reaction has been observed primarily only in association
with impact pile driving. In response to vibratory driving, pinnipeds (which may become somewhat
habituated to human activity in industrial or urban waterways) have been observed to orient towards and
sometimes even move towards the sound. Repeated exposures of individuals to levels of sound that may
cause Level B harassment are unlikely to result in hearing impairment or to significantly disrupt foraging
behavior. Thus, even repeated Level B harassment of some small subset of the overall stock is unlikely to
result in any significant realized decrease in fitness for the affected individuals and would not result in
any adverse impact to individuals or the stock.
In summary, the takes requested for this activity would result in no more than a negligible impact to any
of the marine mammal species that may be taken during this Project. This is based on: (1) the overall
effectiveness of proposed mitigation measures at minimizing the effects of DTH and pile driving and
associated construction activities; (2) the low probability of serious injury or mortality to species; and (3)
the anticipated incidents of Level B harassment likely consisting of temporary modifications in behavior.
The specified activity is not expected to impact rates of recruitment or survival and would therefore not
result in population-level impacts.
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8

ANTICIPATED IMPACTS ON SUBSISTENCE USES

There are no relevant subsistence uses of marine mammals implicated by this action. There are no
indigenous or native people in the Antarctic. Subsequently, there is no subsistence hunting of marine
mammals near the survey areas. Therefore, the proposed activity would not have an adverse impact on the
availability of the species or stocks used as a food source.
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9
9.1

ANTICIPATED IMPACTS ON HABITAT

Underwater Noise Disturbance

Construction activities at the Palmer Station Pier could cause temporary impacts on marine mammal
habitat due to elevated underwater noise levels, which could cause animals to leave or avoid the area
during pile installation activities. However, elevated underwater noise from DTH and pile driving would
be localized and short-term, and would last only as long as the construction phase of the Project. It is
expected that species found in the vicinity of the pier are tolerant to noise levels associated with a
seasonally active marine station. Noise impacts would be temporary and would be limited to the duration
of construction; therefore, any impacts on individual cetaceans and pinnipeds would be limited. Most
species in the vicinity of the pier would be expected to be tolerant of short-term noise levels associated
with the proposed activities. found that noise from impact pile driving can cause harbor seals to be
displaced from an ensonified zone, but their distribution returned to normal 2 hours after cessation of
impact pile driving activity. So while it is possible that some pinnipeds may avoid the project area during
DTH and pile driving, they are not likely to abandon the site altogether. Best Management Practices
(BMPs) and minimization practices would be followed to minimize potential environmental effects from
Project activities would be used throughout this Project and are outlined in Section 11 Mitigation
Measures.

9.2

Water and Sediment Quality

In water DTH and impact pile driving, and pile removal activities using vibratory methods, would cause
short-term effects on water quality due to increased turbidity. The physical resuspension of sediments
could produce localized turbidity plumes that could last from a few minutes to several hours.
While contaminated sediments are not expected at the Project site, any contaminants associated with the
re-suspended sediments would be tightly bound to the sediment matrix. Cetaceans are not expected to
come close enough to Project site to encounter temporary turbidity plumes from construction activities.
Any pinnipeds in the immediate vicinity would avoid the short-term, localized areas of turbidity. There is
little potential for them to be directly exposed to increased turbidity during construction operations, but
these short term increases in water turbidity levels could temporarily affect the distribution and
availability of their prey species (see Section 9.4). Overall, any impacts on marine mammals from
increased turbidity levels would be short term and negligible.

9.3

Passage Obstructions

Pile removal and installation at the Project site would occur adjacent to the existing shoreline.
Construction activities at the Palmer Station Pier would not obstruct movements of marine mammals or
fish over the long term.

9.4

Construction Effects on Potential Prey and Foraging Habitat

Antarctic mysticetes feed primarily on krill, but may also forage for small ﬁsh, zooplankton, and possibly
squid . The odontocetes eat ﬁsh and squid, with certain killer whale ecotypes also hunting penguins and
other marine mammals (both cetaceans and pinnipeds). Antarctic pinnipeds forage on krill, ﬁsh,
zooplankton, and squid, with leopard seals also taking other seals and seabirds. Construction activities
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would produce continuous (i.e., vibratory pile driving) sounds and pulsed (i.e. impact-driving) sounds.
Fish react to sounds that are especially strong and/or intermittent and low-frequency. Short duration,
sharp sounds can cause overt or subtle changes in fish behavior and local distribution. At present, NMFS
uses 150 dB re 1 μPa7 as the SPL that may result in onset of behavioral effects (Caltrans 2015).
summarized relevant data from 2005 to mid-2018 on the effects of sounds on fishes. The authors
conclude that fish exposed to pile driving sounds may show alarm responses, including an increase in
swimming speed and changes in ventilation and heart rate. These transient startle responses are
unlikely to result in adverse impacts because the fish often rapidly return to normal behavior.
However, stronger more sustained behavioral responses to longer duration sounds may place an
energetic load on the fish by generate oxygen debt as ventilation rates increase. In addition,
anthropogenic noise may interfere with the fishes’ ability to detect, locate, and identify predator
threats. Generally, the most likely impact to fish from DTH or pile driving activities in the Project area
would be temporary behavioral avoidance of the area.
There is not much information available on the effects of underwater noise on krill and zooplankton
species, particularly noise from ship construction or traffic . presented evidence that suggests that seismic
surveys can cause significant mortality to zooplankton populations. McCauley et al. (2017) conducted a
2-day study to examine the potential effects of sound exposure of a 150 in3 airgun on zooplankton off the
coast of Tasmania; they concluded that exposure to airgun sound decreased zooplankton abundance
compared to control samples and caused a two- to three-fold increase in adult and larval zooplankton
mortality. They observed impacts on the zooplankton as far as 1.2 km from the exposure location – a
much greater impact range than previously thought; however, there was no consistent decline in the
proportion of dead zooplankton as distance increased and received levels decreased. The conclusions by
McCauley et al. (2017) were based on a relatively small number of zooplankton samples, and more
replication is required to increase confidence in the study findings.. However, seismic airguns not only
use intense low-frequency impulses (4-8 Hz) but also release high pressure air into the water to produce
the impulse signal. suggests that additional research on the impacts of anthropogenic noise on marine
mammal prey and prey responses to noise are needed as part of research in Antarctica.
Driving piles into the marine bottom could stir up sediments that would lead to higher turbidity levels.
Increased turbidity from construction activities has the potential to adversely affect forage fish in the
Project area. This increase would be temporary, and the suspended sediments should settle back to the
marine floor within a few minutes to several hours. Rock cuttings would be comprised of native rock and
may also create a temporary increase in turbidity. However, as suspended sediments and particulates are
expected to dissipate quickly within a single tidal cycle, any effects on forage fish or invertebrates such
as krill from increased turbidity are expected to be localized, short term and minor or negligible.
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10

ANTICIPATED EFFECTS OF HABITAT IMPACTS ON MARINE
MAMMALS

The proposed activities are not likely to result in a significant adverse or permanent loss or modification
of habitat for marine mammals or their prey. The most likely effects on marine mammal habitat due to the
proposed Project are temporary, short duration elevated in-water noise, temporary prey (fish and krill)
disturbance, and localized, temporary water quality effects (see Section 9). Additionally, no physical
damage to habitat other than an extremely minor loss of benthic habitat at the location of the piles is
anticipated as a result of Project activities at the Palmer Station Pier. Therefore, the potential loss or longterm modification of marine mammal habitat is not expected.
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11 MITIGATION MEASURES
NSF has based the proposed mitigation measures on the best guidance available to avoid and minimize (to
the greatest extent possible) impacts on the environment, species protected under the MMPA, and ESA
species and their designated critical habitats.
Mitigation measures to reduce total takes (e.g. shutdown and a reduced 12-hour workday) would be
employed during in-water construction work at the pier. General mitigation measures used for all
construction practices are listed first (Section 11.1), followed by specific mitigation measures for pile
installation activities (Section 11.2).

11.1 General Construction Activities
NSF would perform construction in accordance with the best guidance available (e.g., BMPs and
mitigation measures) to avoid and minimize (to the greatest extent possible) impacts on the environment,
ESA species, designated critical habitats, and species protected under the MMPA. Mitigation measures
include:
•

The pier would be maintained in a manner that does not introduce any pollutants or debris into
the harbor or cause a migration barrier for fish;

•

Fuels, lubricants, and other hazardous substances would not be stored below the ordinary highwater mark;

•

Properly sized equipment would be used to drive piles;

•

Oil booms would be readily available for containment should any releases occur;

•

The contractor would check for leaks regularly on any equipment, hoses, and fuel storage that
occur at the project site;

•

All chemicals and petroleum products would be properly stored to prevent spills; and

•

No petroleum products, cement, chemicals, or other deleterious materials would be allowed to
enter surface waters.

11.2 Standard Mitigation Measures
For any in-water work that involves heavy machinery other than pile driving (e.g. excavator in water), if a
marine mammal comes within 10 m, operations shall cease. A work barge will be mobilized to the site by
vessel and once the barge is in place, will provide a stationary platform for installing piles. When
transitting to site, marine mammal watches must be conducted by those navigating the vessel or crew.
When in the Project Area, if a whale is sighted in the path of a support vessel or within 92 m (300 feet)
from the vessel, reduce speed and shift the engine to neutral. Do not engage the engines until the animals
are clear of the area. If a whale is sighted farther than 300 feet from the vessel, maintain a distance of 92
m (300 feet) or greater between the whale and the vessel and reduce speed to 10 knots or less . Vessels
may not be operated in such a way as to separate members of a group of whales from other members of
the group. A group is defined as being three or more whales observed within a 500 m area and displaying
behaviors of directed or coordinated activity (e.g., group feeding). It should be re-emphasized that whale
occurrence in the proposed Project Area is limited based on how narrow Hero Inlet is. Therefore, the need
to steer around whales in the area should be minimal.
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11.3 Pile Removal and Installation Activities
The primary source of underwater sound during construction would be from the removal and installation
of piles to support the pier. Piles would be removed by cutting piles off at the mudline or using a
vibratory hammer. NSF would drive piles using DTH driving prior to using an impact hammer. A
vibratory hammer would be used to remove existing piles and sheet piles. If rock chipping is necessary,
takes have been calculated assuming DTH occurs. Therefore, takes associated with rock chipping are
accounted for in takes estimated for DTH. The minimum hammer energy needed to safely install the piles
would be used.
During installation of the piles, the primary technique for installing the piles would be the DTH driving
technique. The maximum distances that sound would project from the Project were calculated using
NMFS guidance that DTH be considered a continuous sound source for Level B harassment and an
impulsive sound source for Level A impacts. Section 6 describes the ensonified exposure areas for
cetaceans and pinnipeds that may occur in the Project area. The detailed Noise Report is also provided as
Appendix A and figures showing the estimated areas ensonified during construction activities are
included in Appendix C (with a subset shown as Figures 6-2 through 6-4).
The following subsections describe proposed mitigation measures of soft start, pre-activity monitoring of
the immediate area within the Level A zone, a 50-m shutdown zone for seals and 3,484-m and 647-m
shutdown zones for LF cetaceans based on the estimated ensonified area during pile or sheetpile
removal/driving or DTH driving activities. These measures would reduce impacts on marine mammals to
the extent practicable during in-water construction. Specific monitoring measures using PSOs are
described in detail in Section 13.

11.3.1 Soft Start
If impact pile driving is used, NSF would implement a “soft-start” procedure using reduced energy (i.e.,
no more than half of the operational power) to allow animals to leave the area prior to full sound
exposure. Specifically, NSF would use the soft-start technique at the beginning of impact pile driving
each day, or if pile driving has ceased for more than 30 minutes. The requirements for soft start include a
brief interval of pile driving at reduce energy, followed by a 1-minute waiting period, repeated two
subsequent times.

11.3.2 Time Restriction
In-water construction would occur over a 12-hour workday to minimize the potential for PTS for species
that may occur within the Level A zone. The reduced workday minimizes the potential for PTS as
described in Section 6.3.

11.3.3 Level A Shutdown Zones
11.3.3.1 Pinnipeds
During all DTH pile driving activities, a 50-m shutdown zone would be implemented for pinnipeds. If
pinnipeds are observed within the 50-m shutdown zone, DTH driving would be delayed until they move
out of the area. If a seal is seen by the PSOs above water and then dives below, the contractor would wait
15 minutes. If no marine mammals are seen in that time, work would resume based on the assumption the
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animal has moved away from the shutdown area. Based on observation data, fur seals are known to swim
up Hero Inlet (approximately 135 m wide) to haul out (Table 6-1). The Project location is not conducive
to safely placing observers in remote vessels or land locations away from Palmer Station nearer to the
farthest extent of the estimated Level A ensonified areas. The proposed 50-m shutdown zone for
pinnipeds can safely be observed, would prevent injury to seals while still allowing seals to move up the
inlet where they may haul out on land, and would allow construction to continue safely and efficiently. A
total of two PSOs would monitor the 50-m pinniped shutdown zone from two potential locations (see
Figure 11-1) during project construction activities. For any in-water work that involves heavy machinery
other than pile driving, a 10 m shutdown zone is proposed as described in Section 11.2.
11.3.3.2 Cetaceans
As shown in Table 6-8, the Level A threshold distances are under Scenario 1A during simultaneous DTH
driving of two 36-in piles is 3,484 m for LF cetaceans. During simultaneous DTH driving of two 24-in
piles, the Level A zone is estimated as 647 m for LF cetaceans. As described in the bullets below, a PSO
stationed at the primary location would be able to view these Level A distances during good weather
conditions.
The specific observation locations will be chosen on site by the PSOs based on local conditions. The
proposed monitoring locations are:
•

A primary location on the roof platform of the Garage Warehouse Recreation (GWR) building
located high on the bluff above Palmer Pier. The GWR building sits 9.8 m above sea level and the
platform on the roof is another 9-10.5 m above that, giving a total elevation of approximately 20
m above sea level for observations. With reticle binoculars the distance potentially visible by a
1.8-m tall PSO from this point would be about 4,360 m.

•

An office within the BioLab building or its observation deck overlooking the pier. Figure 11-2
shows the view from the office location. The BioLab building observation deck near Palmer Pier
with an elevation of about 3.5 m above sea level. Assuming the height of an observer is about 1.8
m and they are using 5 mil reticle binoculars, this would allow visualization out to about 1,060 m.

Shutdown zones are regularly used as an effective mitigation measure to minimize exposure of marine
mammals to thresholds that may cause harm and to mitigate potential physical injury from marine
construction activities. Shutdown zones are project-specific, ranging from 10 m 13 to several hundred
meters depending on noise modeling, human safety and local conditions. During DTH driving of two 36in piles, if a PSO observes a LF cetacean about to enter or within the estimated Level A zone (3,484 m),
DTH activities will be shut down until the animal has not been observed within the zone for 30 minutes.
During DTH driving of two 24-in piles, the Level A shutdown zone is 647 m for LF cetaceans. If these
species are observed entering or within this Level A zone during 24-in pile installation, activities will be
shut down until the animal has not been observed within the zone for 30 minutes.

For example, during impact driving of 36-in piles for a pier in New London, Connecticut, NMFS issued a Letter of
Authorization in 2018 to the U.S. Navy to implement a 10-m shutdown zone for Level A thresholds that exceeded 900m (83 FR
36773).

13
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FIGURE 11-1. PSO OBSERVER LOCATIONS
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FIGURE 11-2. VIEW FROM OFFICE PSO LOCATION

11.4 Mitigation Summary
NSF has developed the proposed mitigation measures to ensure the least practicable impact on potentially
affected marine mammal species and stocks and their habitat. The potential measures include
consideration of: (1) the degree to which, the successful implementation of the measure is expected to
minimize adverse impacts to marine mammals; (2) the proven efficacy of the specific measure to
minimize adverse impacts as planned based on monitoring plans from previous, similar IHA applications
incorporating DTH, impact and vibratory pile driving; and (3) the practicability of the measure for
implementation.
Based on these factors NSF believes the mitigation measures being considered accomplish the required
objectives:
•

Implementation of a soft-start procedure to reduce the total number of animals potentially
exposed to increased noise levels if impact pile driving is used;

•

The use of PSOs and a shutdown procedure that would reduce the total amount of time and
exposure that a marine mammal is potentially exposed to noise levels that exceed the Level A
thresholds established by NMFS.

Section 13 provides specific information on proposed monitoring during construction activities as well as
reporting requirements both during and after construction is complete.
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12 SUGGESTED MITIGATION MEASURES TO PROTECT
SUBSISTENCE USES
This section is not applicable to this Project. This is only applicable where the proposed activity would
take place in or near a traditional Arctic subsistence hunting area and/or may affect the availability of a
species or stock of marine mammal for Arctic subsistence uses. As described in Section 8, there are no
relevant subsistence uses of marine mammals impacted by this action.
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13 MONITORING AND REPORTING
In order to issue an IHA for an activity, section 101(a)(5)(D) of the MMPA states that NMFS must set
forth “requirements pertaining to the monitoring and reporting of such taking.” The MMPA implementing
regulations at 50 CFR 216.104 (a)(13) indicate that requests for incidental take authorizations must
include the suggested means of accomplishing the necessary monitoring and reporting that will result in
increased knowledge of the species, the level of taking or impacts on populations of marine mammals that
are expected to be present in the proposed action area while conducting activities. The application should
also include the suggested means of minimizing burdens by coordinating such reporting requirements
with other schemes already applicable to persons conducting such activity. Monitoring plans should
include a description of the survey techniques that would be used to determine the movement and activity
of marine mammals near the activity site(s) including migration and other habitat uses, such as feeding.

13.1 Protected Species Observers
PSOs would conduct marine mammal monitoring during all pile removal or driving activities. In addition
to notifying work crews to shut down operations if necessary to prevent non-acoustic injury to marine
mammals from potentially hazardous in-water construction activities at the pier as described in Section
11, PSOs would record observations and behavioral responses of any marine mammals observed during
operations. There will be a total of two PSOs on duty at all times during in-water construction. Each PSO
will have an alternate; therefore, there will be a total of four PSOs on site. The lead PSO would have
previous experience and would be trained in marine mammal identification and behaviors (see Section
13.1.1). The other three PSOs need not be formally trained through a PSO program but they must have
received the training described in Section 13.1.1 (or through available online PSO training programs
compliant with NMFS standards), be familiar with the marine mammal species that may occur, and
understand the applicable sections of this Monitoring Program. PSOs are required to have no other tasks
while monitoring.
NSF would implement the following monitoring procedures during pile removal and installation:
•

PSOs would be on duty in shifts of 4 hours duration, with sufficient breaks and a maximum of 12
hours watch time per day per PSO; the exact shift schedule will be established prior to Project
initiation.

•

PSOs would scan the waters using reticle binoculars and would use a hand-held GPS or rangefinder device to verify the distance to each sighting.

•

If the Level A shutdown zones are not visible due to poor environmental conditions (e.g.
excessive wind or fog, high Beaufort state), pile installation would cease.

•

DTH or pile driving activities would only be conducted during daylight hours when it is possible
to visually monitor marine mammals.

•

A PSO would be placed at two potential vantage points as described in Section 11 and shown in
Figure 11-1. Local conditions present safety concerns due to the potential for severe weather and
the remote location. For this reason, it is not safe nor feasible to place observers on vessels or on
land at the edges of the Level A zones. Chosen PSO locations at the GWR and BioLab buildings
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are based on local knowledge considering where an observer can safely and effectively monitor
for marine mammals (see also Section 11.2.3).
•

The waters would be monitored 30 minutes prior to commencing DTH or pile driving at the
beginning of each day, and prior to commencing DTH or pile driving after any stoppage of 30
minutes or greater.

•

If pinnipeds enter or are observed within the designated 50-m shutdown zone during or 15
minutes prior to DTH or pile driving, the PSOs would notify the on-site construction manager to
not begin until the animal has moved outside the designated radius or has not been observed for
15 minutes.

•

If a LF cetacean is observed entering or within the 3,484-m Level A zone during DTH driving of
two 36-in piles, activities will be shutdown until the animal has not been observed in the Level A
zone for 30 minutes.

•

If a LF cetacean is observed entering or within the 647-m Level A zone during DTH driving of
two 24- piles, activities will be shut down until the animal(s) have not been observed in these
zones for 30 minutes.

•

All animals specified in this application entering the Level A zone would be considered Level A
takes.

•

The waters would continue to be scanned for at least 30 minutes after DTH, pile driving or
removal has completed each day, and after each stoppage of 30 minutes or greater.

•

If DTH, pile driving or pile removal is stopped, activities would not commence or would be
suspended temporarily if any pinnipeds are observed anywhere within the 50-m shutdown zone or
if any LF cetaceans are observed in the Level A shutdown zones (3,484 m or 647 m as described
above).

•

In the unanticipated event that the specified activity clearly causes the take of a marine mammal
in a manner prohibited by the IHA, such as serious injury or mortality (e.g., ship-strike), the PSO
would immediately cease the specified activities and report the incident to the Chief of the
Permits and Conservation Division, Office of Protected Resources, NMFS as soon as possible.

13.1.1 PSO Qualifications and Training
As described above, one formally trained PSO with prior experience would serve as team leader,
supported by three PSOs trained on site or available online training programs compliant with NMFS
standards. PSOs are responsible for: collecting data on species, numbers, location date/time, behaviors
and construction activities during a sighting; and ensuring systematic and standardized data collection.
The lead PSO would be responsible for
Prior to initiation of construction, PSOs would complete a training/refresher session on marine mammal
monitoring, to be conducted shortly before the anticipated start of the open water season construction
activities.
Primary objectives of the training include:
•

Review of the mitigation, monitoring, and reporting requirements provided in this application,
including any amendments specified by NMFS in the authorization;
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•

Review of marine mammal sighting, identification, and distance estimation methods;

•

Review of operation of specialized equipment (reticle binoculars, GPS); and

•

Review of, and classroom practice with, data recording and data entry systems, including
procedures for recording data on marine mammal sightings, monitoring operations,
environmental conditions, and entry error control.

13.2 Monitoring Protocol
PSOs have a dedicated role to observe and record data on marine mammals and would follow these
general protocol during monitoring:
•

Observe from the safest, highest vantage point at two locations (GWR Building [primary
location] and the office building);

•

Conduct a systematic visual sweep of the area as far as visibility permits, focusing on a 2-km
radius from the pier into Hero Inlet;

•

Alternate between binoculars and the naked eye; and

•

Limit monitoring to 4 hours per shift with sufficient breaks and no more than 12 hours per day to
minimize fatigue.

PSOs would observe and collect data on marine mammals in and around the project area for 30 minutes
before and after all pile removal and pile installation work.

13.3 Communication Procedures
Briefings would occur between construction supervisors and crews and the PSO team prior to the start of
all pile driving activities, and when new personnel join the work, in order to explain responsibilities,
communication procedures, marine mammal monitoring protocol, and operational procedures.
If marine mammals are detected within the designated 50-m shutdown zone, shutdown procedures would
be implemented as described in Section 11. To assure prompt implementation of these procedures,
multiple channels of communication between the PSOs and the construction supervisor would be
established. During the shutdown, PSOs would continue to maintain watch to determine when the
animal(s) are outside the shutdown zones. Sheet pile and pipe driving can be resumed if the observers
have visually confirmed that the animal(s) moved outside the safety zone, or in the case of otariid
pinnipeds were not observed within the shutdown zone for more 15 minutes (See Section 11). Direct
communication with the construction supervisor would be maintained throughout these procedure

13.4 Data Collection
NSF would require that observers use approved data forms developed for this Project. Among other
pieces of information, the observers would record detailed information about any implementation of
shutdowns, including the distance of animals to the pile and description of specific actions that ensued
and resulting behavior of the animal, if any. In addition, the observers would attempt to distinguish
between the number of individual animals taken and the number of incidents of take. At a minimum, the
following information would be collected on the observer forms:
1. Date and time that monitored activity begins or ends;
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2. Construction activities occurring during each observation period;
3. Weather parameters (e.g., percent cover, visibility);
4. Water conditions (e.g., sea state, tide state);
5. Species, numbers, and, if possible, sex and age class of marine mammals;
6. Description of any marine mammal behavior patterns, including bearing and direction of travel
and distance from DTH or pile driving activity;
7. Distance from DTH or pile driving activities to marine mammals and distance from the marine
mammals to the observation point;
8. Description of implementation of mitigation measures (e.g., shutdown or delay);
9. Locations of all marine mammal observations; and
10. Other human activity in the area.

13.5 Reporting
A draft report would be submitted to NMFS within 90 days of the completion of marine mammal
monitoring or 60 days prior to the requested date of issuance of any future IHAs for projects at the same
location, whichever comes first. The report would include marine mammal observations pre-activity,
during-activity, and post-activity during DTH and pile driving days, and would also provide descriptions
of any behavioral responses to construction activities by marine mammals. It would include a complete
description of all work shutdowns and an extrapolated total take estimate based on the number of marine
mammals observed during the course of construction. A final report must be submitted within 30 days
following resolution of comments on the draft report.
The report would include the following information at a minimum:
•

•

General data:
o

Date and time of activity

o

Water conditions (e.g., sea-state)

o

Weather conditions (e.g., percent cover, percent glare, visibility)

Specific DTH and pile driving data:
o

Description of the driving activity being conducted (pile locations, pile size and type),
and times (onset and completion) when DTH or pile driving occurs.


The construction contractor and PSOs would coordinate to ensure that DTH and pile
driving durations and strike counts, where applicable are accurately recorded. The
duration of soft start procedures during impact driving should be noted as separate
from the full power driving duration.

o

Description of any in-water construction activity not involving DTH or pile driving
(location, type of activity, onset and completion times).

o

Times when DTH and pile driving or other in-water construction is delayed or shutdown
due to presence of marine mammals within shutdown zones.
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•

Unanticipated Event such as a Serious Injury or Mortality
o

Time, date and location of the incident;

o

Name and type of vessel involved;

o

Vessel's speed during and leading up to the incident;

o

Description of the incident;

o

Status of all sound source use in the 24 hours preceding the incident;

o

Water depth;

o

Environmental conditions (e.g., wind speed and direction, Beaufort sea state, cloud cover,
and visibility);

o

Description of all marine mammal observations in the 24 hours preceding the incident;

o

Species identification or description of the animal(s) involved;

o

Fate of the animal(s); and

o

Photographs or video footage of the animal(s) (if equipment is available).

Activities would not resume until NMFS is able to review the circumstances of the event. NMFS would
work with the PSOs to determine actions necessary to ensure MMPA compliance. The observers would
not be able to resume activities until notified by NMFS via email, or telephone.
In the event that the PSO discovers an injured or dead marine mammal, and the cause of the injury or
death is unknown and the death is relatively recent (i.e., in less than a moderate state of decomposition)
and not associated with or related to the activities authorized in the IHA, the PSO would report the
incident to OPR staff.
The report would include the same information identified in the paragraph above. Activities would be
able to continue while NMFS reviews the circumstances of the incident. NMFS would work with the
observer to determine whether modifications in the activities are appropriate.
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14 SUGGESTED MEANS OF COORDINATION
ASC and NSF would coordinate the planned marine mammal monitoring program associated with the
construction project at Palmer Station with other parties that may have interest in this area. In addition,
ASC and NSF would coordinate with applicable U.S. agencies (e.g., NOAA Fisheries) and would comply
with their requirements.
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INTRODUCTION
This study is an assessment of potential underwater sound levels generated by planned construction
activities at the Palmer Station in Antarctic. The Palmer Pier Replacement Project (PALPIER)
began in December 2016. Through a series of alternative analysis studies and design reviews, a
75% design was developed and is used as the basis of this analysis. The project would replace an
existing pier facility. Construction activities generating sound underwater would include the
installation of piles to support the pier, installation of fender piles, and installation piles to support
the future wave attenuator. There is also the possibility that bottom rock chipping may be
necessary to level the seafloor bottom at each pile location.
This report includes the prediction of underwater sound levels calculated based on the results of
measurements for similar projects. Predicted underwater sound levels are compared against
thresholds that have been accepted by the National Oceanic and Atmospheric Administration
(NOAA) to protect marine mammals under the U.S. Marine Mammal Protection Act (MMPA).
To reasonably predict underwater sound levels from these activities, this analysis relies on acoustic
data measured at similar projects. Available underwater sound data for projects involving the
installation of similar piles were reviewed. The sound levels for pile driving activities proposed by
the project were estimated using these data combined with an understanding of how and where
these activities will occur. These predictions are a best estimate based on empirical data and
engineering judgment and include a certain degree of uncertainty due to the site conditions and
contractor means.

PROJECT DESCRIPTION
The United States Antarctic Program (USAP) of the National Science Foundation, via the
Antarctic Support Contract (ASC), is proposing to construct a replacement pier at Palmer Station.
Palmer Station is located on Anvers Island, Antarctica and is one of three remote, scientific
research bases in Antarctica that the USAP operates. There are 12 structures distributed on the
approximately 15-acre site. Palmer Station is logistically supported through Punta Arenas, Chile
by the NSF’s two research vessels- the Nathaniel B. Palmer (NBP) and the Lawrence M. Gould
(LMG). A future Antarctic Support Vessel, currently under concept design, was also used as a
design vessel for the project.
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Figure 1 Project Location

Figure 2 Project Vicinity
The existing Pier is a 27-foot diameter cellular cofferdam type earth filled sheetpile bulkhead
structure that was constructed in 1967 and is at the end of its useful life.
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Figure 3 Palmer Station
This project would replace the existing pier with a new steel pipe pile supported concrete deck
dock, new modern energy absorbing fender system, as well as on-dock power/lighting. The pile
installation would include socketed steel gravel-filled piles as outlined in Table 1. The deck and
pile caps for the dock are supported by steel pipe piling which are drilled and socketed into the
shallow bedrock. At this time, the two piles for the wave attenuator are planned for installation
however the wave attenuator itself will be installed at a future date.
Table 1 Pile Summary
Structure
Dock Abutment
(Bent 1)
Dock
(Bents 2, 3, and
4)
Retaining Wall
Wave Attenuator
RHIB Fender
Template Piles
Removal
Template Piles
Sheet Pile
Removal

Socket Depth
(feet)

Number of
Piles

30

4

20

Up to 18*

10

Up to 9*

20
20
10

2
3
16

24-inch steel pile

--

16

Existing cofferdam bulkhead

--

20

Size of Pile
32 or 36-inch diameter steel pile
in approximate
38-inch diameter holes
36-inch steel pile in approximate
38-inch diameter holes
HP pile inserted in pre-drilled
24-inch diameter hole
24-inch steel pile
24-inch steel pile
24-inch steel pile

* Includes 2 additional piles as a contingency for design flexibility
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The project contractor assumes that approximately one to two piles can be installed per day. The
planned methods that may be used to socket and placement of piles include drill-in-hole,
oscillator tip, saddle, and vibratory hammer. Brief impact pile driving of about 10 strikes may be
used to seat the piles. In addition, rock chipping may be required to level pile areas.
Noise Generating Activities
The following activities may occur during construction of the replacement pier.
Demolition
The existing dock facility, a steel sheetpile cofferdam bulkhead backfilled with gravel, cobble,
and boulders, will be demolished and materials re-used as much as practicable in the new
facility. Salvaged gravel fill material may be used in identified areas of the uplands fill areas,
rock breakwater (if constructed), and as pile fill. Any boulders removed from the existing pier
may be used as toe scour protection along the retaining walls. The existing sheetpiles may be
extracted with a vibratory hammer or cut off at the mud line.
Pile Installation
The primary source of underwater sound during construction will be from the installation of piles
to support the pier, fenders, and future wave attenuator. The primary technique for installing the
piles would be down the hole (DTH) drilling. The use of a vibratory hammer and small impact
hammer is considered since the exact construction techniques could vary depending on site
conditions encountered. The socketed piles are assumed to use DTH drilling methods. It is unlikely
that a vibratory hammer would be used to install piles. A vibratory hammer may be used for short
periods to remove temporary piles. The piles may need to be hammered (impact driven) for short
periods of time to seat the piles in the sockets. Temporary template piles used during construction
would be removed with a vibratory hammer or cut off at the mudline.
Rock Chipping
Rock chipping is proposed as a contingency if needed to level the sea bottom at pile locations to
ensure accurate pile location and alignment. The method planned is to use rock chipping methods
that would generate sound similar to that of a hoe ram used to demolish concrete structures.
Installation of Anodes
Sacrificial anode corrosion protection for the major submerged steel components is included in the
design. Aluminum alloy anodes would be installed below the waterline by divers. Installation
would include welding and the use of a pneumatic hydrogrinder, needle scaler, or similar
equipment.

UNDERWATER SOUNDS FROM PILE INSTALLATION
Fundamentals of Underwater Noise
When a pile driving hammer strikes or excites a pile, a pulse is created that propagates through the
pile and radiates sound into the water, the ground, and the air. The pulse amplitude and propagation
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are dependent on a variety of factors, including but not limited to pile size, hammer type, sediment
composition, water depth, and water properties (conductivity, temperature, and pressure).
Generally, the majority of the acoustic energy is confined to frequencies below 2 kilohertz (kHz)
and there is very little energy above 20 kHz.
Sound pressure pulse as a function of time is referred to as the waveform. In terms of acoustics,
these sounds are described by the peak pressure, the root-mean-square pressure (RMS), and the
sound exposure level (SEL). The peak pressure is the highest absolute value of the measured
waveform and can be a negative or positive pressure peak. For pile driving pulses, RMS level is
determined by analyzing the waveform and computing the average of the squared pressures over
the time that comprises that portion of the waveform containing the sound energy. 1 The pulse RMS
has been approximated in the field for pile driving sounds by measuring the signal with a precision
sound level meter set to the “impulse” RMS setting and is typically used to assess impacts to
marine mammals. Another measure of the pressure waveform that can be used to describe the pulse
is the sound energy itself. The total sound energy in the pulse is referred to in many ways, most
commonly as the “total energy flux” 2. The “total energy flux” is equivalent to the un-weighted
sound exposure level (SEL) for a plane wave propagating in a free field, a common unit of sound
energy used in airborne acoustics to describe short-duration events. The unit used is dB re 1µPa2sec. In this report, peak pressures levels are expressed in decibels re 1 µPa; however, in other
literature they can take varying forms such as a Pascals or pounds per square inch. The total sound
energy in an impulse accumulates over the duration of that pulse. Figure 4 illustrates the acoustical
characteristics of an underwater pile driving pulse. Table 2 includes the definitions of terms
commonly used to describe underwater sounds.
The variation of instantaneous pressure over the duration of a sound event is referred to as the
waveform. The waveform can provide an indication of rise time or how fast pressure fluctuates
with time; however, rise time differences are not clearly apparent for pile driving sounds due to
the numerous rapid fluctuations that are characteristic to this type of impulse. A plot showing the
accumulation of sound energy over the duration of the pulse (or at least the portion where much
of the energy accumulates) illustrates the differences in source strength and rise time. An example
of the underwater acoustical characteristics of a typical pile driving pulse is shown in Figure 4.
SEL is an acoustic metric that provides an indication of the amount of acoustical energy contained
in a sound event. For pile driving, the typical event can be one pile driving pulse or many pulses
such as pile driving for one pile or for one day of pile driving. Typically, SEL is measured for a
single strike and a cumulative condition. The cumulative SEL associated with the driving of a pile
can be estimated using the single strike SEL value and the number of pile strikes through the
following equation:

1

Richardson, Greene, Malone & Thomson, Marine Mammals and Noise, Academic Press, 1995, and Greene,
personal communication.
2
Finerran, et. al., Temporary Shift in Masked Hearing Thresholds in Odontocetes after Exposure to Single
Underwater Impulses from a Seismic Watergun, Journal of the Acoustical Society of America, June 2002.
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SELCUMULATIVE = SELSINGLE STRIKE + 10 log (# of pile strikes)
For example, if a single strike SEL for a pile is 165 dB and it takes 1000 strikes to drive the pile,
the cumulative SEL is 195 dBA (165 dB + 30 dB = 195 dB), where 10 * Log10(1000) = 30.
Table 2 - Definitions of Underwater Acoustical Terms
Term

Definitions

Peak Sound Pressure
Level, (dB re 1 µPa)

Peak sound pressure level based on the largest absolute value of the instantaneous
sound pressure. This pressure is expressed in this report as a decibel (referenced to a
pressure of 1 µPa) but can also be expressed in units of pressure, such as µPa or PSI.

Root-Mean-Square Sound
Pressure Level,
(dB re 1 µPa)

The average of the squared pressures over the time that comprise that portion of the
waveform containing 90 percent of the sound energy for one pile driving impulse.

Sound Exposure Level,
(dB re 1 µPa2 sec)

Proportionally equivalent to the time integral of the pressure squared and is described
in this report in terms of dB re 1 µPa2 sec over the duration of the impulse. Similar to
the unweighted Sound Exposure Level (SEL) standardized in airborne acoustics to
study noise from single events.

SELcum, or Cumulative
SEL (dB re 1 µPa2 sec)

Measure of the total energy received through an acoustical event such as a pileinstallation event or multiple pile installation events (here defined as pile installation that
occurs within a day).

Waveforms, µPa over time

A graphical plot illustrating the time history of positive and negative sound pressure of
individual pile strikes shown as a plot of µPa over time (i.e., seconds).

Frequency Spectra, dB
over frequency range

A graphical plot illustrating the distribution of sound pressure vs. frequency for a
waveform, dimension in rms pressure and defined frequency bandwidth.

WFA

Weighted Frequency Adjustments that are applied to SEL thresholds for marine
mammals to account for hearing sensitivity using the auditory weighting function
provided by NMFS.

PTS

A noise induced shift in the threshold of hearing that persists after a recovery period
subsequent to the exposure. In this assessment, PTS is assumed to be the onset of a
noise induced permanent threshold shift that causes a PTS, or NIPTS.

TTS

A noise induced shift in the threshold of hearing that subsides to normal hearing after a
recovery period subsequent to the exposure. In this assessment, TTS is assumed to be
the onset of a noise behavior effect for blasting activities. Note that behavioral
thresholds have been established by NMFS for non-blasting sounds.
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Figure 4– Underwater Acoustical Characteristics of a Pile Driving Pulse
Underwater Sound Thresholds
Under the MMPA, NMFS has defined levels of harassment for marine mammals. Level A
harassment is defined as “Any act of pursuit, torment, or annoyance which has the potential to
injure a marine mammal or marine mammal stock in the wild.” Level B harassment is defined as
“Any act of pursuit, torment, or annoyance which has the potential to disturb a marine mammal or
marine mammal stock in the wild by causing disruption of behavioral patterns, including but not
limited to migration, breathing, nursing, breeding, feeding or sheltering.” The sound thresholds for
Level A and Level B harassment are shown in Table 3.
Current NMFS guidance 3 categorizes marine mammals into several hearing groups, as shown in
Table 4. For this project location, functional marine mammals assumed to be present include the
following:
Mysticetes
•
•
•
•
•
•

Blue whale
Fin whale
Humpback whale
Minke whale
Sei whale
Southern right whale

Odontocetes
•
•
•
•
•
•
•

Arnoux's beaked whale
Gray's Beaked whale
Killer whale
Long-finned pilot whale
Southern Bottlenose Whale
Sperm whale
Hourglass dolphin

3

Pinnipeds
•
•
•
•
•

Antarctic fur seal
Crabeater seal
Leopard seal
Weddell seal
Elephant seal

NMFS. 2018 2018 Revision to: Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine
Mammal Hearing Underwater Acoustic Thresholds for Onset of Permanent and Temporary Threshold Shifts. April.
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Injury harassment (Level A) takes into consideration the onset of auditory injury thresholds as
defined by permanent threshold shifts (PTS). Level A thresholds are distinct for each hearing
group, based on the frequency-weighted hearing sensitivity of the associated species. Exposure to
impulse sounds includes the evaluation of the Peak and SELcum as a dual criterion, whereas
exposure to continuous sounds relies solely on the SELcum.
Table 3 - Underwater Acoustic Thresholds Used for Marine Mammals
Species Hearing Group

Non-Impulse Sound
(Vibratory Pile Driving)
Level A
(dB SELcum)

Level B
(dB RMS)

Impulse Sound
(Impact Pile Driving)
Level A Dual Criteria
(dB Peak SPL)
(dB SELcum)

Low-Frequency Cetaceans
199
(e.g., humpback whales)*
Mid-Frequency Cetaceans
198
(e.g., killer whales)*
High-Frequency Cetaceans
173
120
(e.g., hourglass dolphins)
Phocids
201
(e.g., Crabeater seals)*
Otariids
219
(e.g., Antarctic fur seals)*
*Species present in Palpier Region
Note: All decibels (dB) are referenced to 1 micro Pascal (re: 1 μPa).

219

183

230

185

202

155

218

185

232

203

Level B
(dB RMS)

160

Table 4 - Definition of Marine Mammal Hearing Group
Marine Mammal Functional Hearing Group

Functional Hearing Range1

LFC - Low-frequency cetaceans – humpback and minke whales*

7 Hz to 35 kHz

MFC - Mid frequency cetaceans – killer whales

150 Hz to 160 kHz

HFC - High frequency cetaceans – hourglass dolphins

275 Hz to 160 kHz

PP - Phocid pinnipeds - Crabeater, Southern Elephant, Leopard and
Weddell seals*

50 Hz to 86 kHz

OP – Antarctic fur seals*

60 Hz to 39 kHz

*Species present in Palpier Region

Behavioral harassment (Level B) is considered to have occurred when marine mammals are
exposed to sounds of 160 dB RMS or greater for impulse sounds (e.g., impact pile driving) and
120 dB RMS or greater for continuous sounds (e.g., vibratory pile driving). The application of the
120 dB RMS threshold can sometimes be problematic because this threshold level can be either at
or below the ambient noise level of certain locations.
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PROJECT SOUND GENERATING ACTIVITIES
Pile Installation
The primary source of underwater sound during construction will be from the installation of piles
to support the pier, fenders, and future wave attenuator. Since the substrate is suspected to consist
mainly of rock, the primary technique for installing the piles would be down the hole (DTH)
percussive drilling. The use of a vibratory hammer and small impact hammer is considered since
the exact construction techniques could vary depending on site conditions encountered. The
socketed piles are assumed to use DTH percussive drilling methods. It is unlikely that a vibratory
hammer would be used to install piles. A vibratory hammer may be used for short periods to
remove temporary piles. The piles may need to be hammered (impact driven) for short periods of
time to seat the piles in the sockets. Temporary template piles used during construction would be
removed with a vibratory hammer or cut off at the mudline. A summary of the piles to be installed
are shown in Table 5.
Rock Chipping
Rock chipping is proposed as a contingency if needed to level the sea bottom at pile locations to
ensure accurate pile location and alignment. The method planned is to use rock chipping methods
that would generate sound similar to that of a hoe ram used to demolish concrete structures.
Demolition
The existing dock facility, a steel sheetpile cofferdam bulkhead backfilled with gravel, cobble, and
boulders, will be demolished and materials re-used as much as practicable in the new facility.
Salvaged gravel fill material may be used in identified areas of the uplands fill areas, rock
breakwater (if constructed), and as pile fill. Any boulders removed from the existing pier may be
used as toe scour protection along the retaining walls. The existing sheetpiles may be extracted
with a vibratory hammer or cut off at the mud line.
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Table 5– Summary of Piles to be Installed and Rock Chipping

Structure
Dock, Bents 2-4

Type of Pile

36-in pile in 38-inch holes, 30ft Socket

Retaining Wall

HP pile inserted in pre-drilled 24-in dia
Hole, 10ft deep

24-in Pile, 20ft Socket

Template Piles

24-in Pile, 10ft Socket

Rock Chipping

Not Planned but if so, a Hydraulic
Hammer or Rotary Hammer

Sheetpile removal

Rock Anchor

DTH pile drilling
Short Vibratory
Short impact drive

22 total
1-2 /day

DTH pile drilling
Short Vibratory
Short impact drive

4 total
1-2 /day

DTH pile drilling
Short Vibratory
Short impact drive
DTH pile drilling
Short Vibratory
Short impact drive
DTH pile drilling
Short Vibratory
Short impact drive

24-in dia Pile, 20ft socket

RHIB Fender Piles

Temp. Pile removal

Number of Piles

36-in Pile, 20ft Socket

Dock Abutment

Wave Attenuator

Possible
Installation/Extraction
Techniques

24-in Pile
Sheet

DTH pile drilling
Short Vibratory

9 total
2-4/day
2 total
1-2/day
3 total
1-2/day
16 total
2-4/day

Hydraulic Hammer or
Rotary Hammer
Vibratory Hammer (extract)
Broco rod (diver cut off)

28 Total
7 / day
16
Assume 16/day
Unknown, up to 20
Vibratory Hammer (extract)
pair
Broco rod (diver cut off)
Assume 16/day

10-in dia Rock Tension Anchor Holes,
25-ft deep

DTH drilling

Notes: 1. Calculations assume hammer operates 75% during the time
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7 total and 1/day

Maximum Daily Duration
Socket drilling = 7 hours with 75min of
stoppage = 20,700sec1
Vibratory =1,800 sec
Impact driving =10 strikes
Socket drilling = 10.5 hours with 112min of
stoppage = 31,050sec1
Vibratory =1,800 sec
Impact driving =10 strikes
7 hours with 75min of stoppage = 20,700sec
Vibratory = 1,800 sec
Impact driving = 10 strikes
7 hours with 75min of stoppage = 20,700sec
Vibratory = 1,800 sec
Impact driving = 10 strikes
7 hours with 75min of stoppage = 20,700sec
Vibratory = 1,800 sec
Impact driving = 10 strikes
7 hours with 75min of stoppage = 10,350sec
Vibratory = 1,800 sec
Impact driving = 10 strikes
Hydraulic Hammer. = 36,000 sec1
Vibratory = 18,000 sec per pile for 16 piles
per day
Vibratory = 1,800 sec per. pair 36,000 sec per
day1
Anchor drilling = 11,000 sec1
Impact = none (not planned – drilling with ring
bit)1

Prediction of Pile Installation Sound Levels
The prediction of sound levels from pile installation for this project relies on empirical data
collected from other sites with similar conditions, that is, rock substrate where drilling to install
piles would be conducted. Two studies were identified that include measurement data for impact
driving, vibratory driving and drilling with a down-hole hammer:
Alaska DOT Hydroacoustic Pile Driving Noise Study – Comprehensive Report 4
This study evaluated sound levels from various pile installations that included impact pile driving,
vibratory driving and drilling of piles at the Kodiak ferry terminal in Alaska. This project installed
24-inch diameter piles. Rock sockets were drilled, and the piles were set in the sockets with
vibratory hammer. Drilling occurred over a range of 40 min to 4 hours depending on the pile with
most drilling occurring within one hour. The vibratory driving occurred for up to 6 minutes per
pile. An impact hammer struck the piles from 1 to 5 times. This study included measurements
from the installation of 8 piles. Water depths at the Kodiak ferry terminal were shallow (i.e., less
than 10 meters), similar to the project site. Sockets were drilled at a rate of about 5 minutes per
foot. A summary of the measured sound levels is presented in Table 6. These levels are based on
the median root-mean-square sound levels reported. These levels are considered equivalent to a
SEL measured over one second of drilling. The percussive hammering rate was reported at 15.5
Hz. Weighted Frequency Adjustments that are applied to SEL thresholds for marine mammals to
account for hearing sensitivity using the auditory weighting function were reported.

Table 6 - 24-in Pile Installation Levels at 10 meters
Measured Sound Levels1

Computed Frequency Adjustments

Peak

SPL

UnwSEL2

TL3

LFC

MFC

HFC

PP

OP

Impact Driving

193

181

168 (pulse)

20.3

-1

-17

-20

-7

-7

Vibratory Driving

NR

152

152 (RMS)

21.9

-4

-23

-24

-13

-14

Drilling

NR

166

166 (per sec)

18.9

-1

-21

-25

-8

-7

Activity

154 (pulse)
Notes: (1) Based on median levels reported. (2) Based on SEL per strike or SPL per second from RMS. (3) TL is
based on SPL levels.

4

S.L. Denes, G.J. Warner, M.E. Austin and A.O. MacGillivray. 2016. Hydroacoustic Pile Driving Noise Study –
Comprehensive Report. November 23. Accessed 10/7/2019 at
http://www.dot.alaska.gov/stwddes/research/search_lib.shtml
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White Pass & Yukon Railroad Mooring Dolphin Pile Driving and Drilling 5
This project installed mooring dolphins at a cruise ship terminal in Skagway, Alaska. The project
involved underwater sound measurements of vibratory pile installation, some impact driving, rock
socket drilling of piles and rock anchor casing drilling. Rock sockets were, on average, also drilled
at a rate of about 5 minutes per foot. The piles were installed in relatively deep water that was
about 30 meters deep and sounds propagated to deeper waters that were several hundred meters
deep. Data reported in the conclusions section is summarized in Table 7. Data reported for Deep
Socket Drilling and Rock Anchor Drilling were recomputed to adjust to adjust distances to be
referenced to the pile 6.
Table 7 - 42- and 8-in Pile Installation Levels at 10 meters
Measured Sound Levels1

Activity

Computed Frequency Adjustments

Peak

SPL

UnwSEL

TL2

LFC

MFC

HFC

PP

OP

42-inch
Diameter
Impact Driving

205

190

178 (pulse)

14.4

-2

-26

-30

-11

-11

42-inch
Diameter
Vibratory Driving

183

170

170 (per sec)

16.6

-2

-27

-32

-13

-11

42-inch
Diameter
Deep Socket Drilling

194

178

174 (per sec)

13.3

-2

-29

-35

-11

-11

8-inch
Diameter
Rock Anchor Casing

190

175

162 (pulse)

--

-0.5

-17

-21

-4

-5

8-inch
Diameter
Rock Anchor Drilling

170

156

156 (per sec)

24

-4

-21

-24

-11

-11

164 (pulse)

144 (pulse)

Notes: (1) Based on median levels reported. (2) TL is transmission loss that is based on SEL levels.

Thimble Shoal, VA DTH Sound Source Characterization 7
This study performed measurements and analysis of sound levels from DTH percussive drilling to
create 42-inch diameter dock pile casings at Thimble Shoal along the Chesapeake Bay Bridge
Tunnel. Two piles included operating air bubble curtains and three did not. Although levels were
loudest for two of the piles without a bubble curtain, the study did clearly identify evidence that
the air bubble curtains affected the measured sound levels. The study identified the DTH
percussive drilling sounds as impulsive since the impulsive sound level (i.e., maximum level
5

J. Reyff and Heyvaert, C. 2019. White Pass & Yukon Railroad Mooring Dolphin Pile Driving and Drilling Sound
Source Verification. Skagway, Alaska. August 22.
6
J. Reyff. 2020. Review of Down-the-Hole Rock Socket Drilling Acoustic Data Measured for White Pass & Yukon
Route (WP&YR) Mooring Dolphins. May 28.
7
S.L. Denes, Vallarta, J., and D. Zeddies 2019. Sound Characterization of Down-the-Hole Hammering: Thimble
Shoal, Virginia. Document 001888, Version 1.0. Technical Report by JASCO Applied Sciences for Chesapeake
Tunnel Jopiint Venture.
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measured using a fixed 0.035 sec time window) was 5 dB higher than the continuous level (using
a 1-second fixed time window). The RMS measured pulse durations were typically 0.02 seconds.
Since measurements were made at distances of less than 100 meters from the pile, a reliable
transmission loss coefficient was not available. A summary of the measured sound levels is
presented in Table 8. The percussive hammering rate was reported at 7.5 Hz. Weighted Frequency
Adjustments that are applied to SEL thresholds for marine mammals to account for hearing
sensitivity using the auditory weighting function were not reported, although weighted levels were
included in the appendices.

Table 8 - 42-in Pile Installation Levels at 10 meters
Measured Sound Levels

Computed Frequency Adjustments

Peak

SPL

UnwSEL2

TL3

LFC

MFC

HFC

PP

OP

DTH all piles

188

178

162 (pulse)

NA

NR

NR

NR

NR

NR

DTH no bubble
curtain

190

180

164 (pulse)

NA

NR

NR

NR

NR

NR

Activity

Other Pile Installation Source Levels
In reviewing the two available data sets, there is a large difference in sound levels between the 24and 42-inch diameter piles. In general, the differences were about 10 to 20 dB, which cannot be
explained by the difference in size alone. In reviewing the Caltrans Compendium 8 and data
compiled by the U.S. Navy 9, adjustments were made for the 24-inch diameter piles.
For vibratory pile installation, the Caltrans Compendium reports levels of 155 dB for 12-inch
diameter and 175 dB for the loudest 36-inch pile. The U.S. Navy data recommend use of 161 dB
for 24-inch piles. Since vibratory driving would only be used for short periods, if at all, to seat the
piles or remove temporary piles, the average level of 161 dB at 10 meters appears to be appropriate.
Rock Chipping Sound Levels
The prediction of sound levels from potential contingency rock chipping are based on underwater
sounds measured for concrete demolition. There are no data identified for actual rock chipping.
Two sets of data available are measured sounds in open water during the demolition of the Tappan
Zee Bridge pier structures.

8

Caltrans (California Department of Transportation). 2015. Technical Guidance for Assessment and Mitigation of
the Hydroacoustic Effects of Pile Driving on Fish: Appendix I – Compendium of Pile Driving Sound Data. Updated
November 2015.
9
U.S. Navy. 2015. Proxy source sound levels and potential bubble curtain attenuation for acoustic modeling of
nearshore marine pile driving at Navy installations in Puget Sound. Prepared by Michael Slater, Naval Surface
Warfare Center, Carderock Division, and Sharon Rainsberry, Naval Facilities Engineering Command Northwest.
Revised January 2015.
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Underwater sound measurements were conducted for different pier types during demolition of the
Tappan Zee Bridge. The loudest sounds occurred during the demolition of the robust rectangular
caissons and the ice breaker foundations protecting bridge piers that were in deeper waters of about
15 meters. The demolition was conducted using hoe rams, which are excavators fitted with a
hydraulic “breaker” or powerful percussion hammer used to break up large concrete structures.
Hoe rams generate intermittent noise and the activity is fairly continuous with frequent breaks.
When in operation, the hoe ram produced about 4 to 5 strikes or pulses per second. During this
operation, these tend to occur continuously for a few seconds to about a minute and then short
breaks as adjustments are made. The activity is pretty much all in water and produces a clearly
elevated acoustic signal. The activity was observed to move around in about a 5-meter wide area.
The Tappen Zee monitoring results are summarized in Table 9. Levels were adjusted to 10 meters
based on the computed TL for each activity. RMS pulse levels were computed by dividing the
SEL for 1 second (or continuous RMS level) by the number of pulses.
Two other studies conducted by the Washington State Department of Transportation were
reviewed and found to be consistent, but one with slightly quieter and one with slightly louder
levels, than the Tappen Zee results reported in Table 10. 10,11 The louder data measured at 10
meters from the activity from these two studies are presented in Table 9. The only adjustment to
these data were to add 1 dB to the SEL level since those were based on a pulse analysis that
contained 90 percent of the energy.
Table 9 also reports the mean value for the measurements, TL computations and the computed
frequency adjustments for the various marine mammal hearing groups. Since SR 520 Bridge
results were much quieter, those were excluded from the mean level computations.

10
11

WSDOT. 2017. SR 520 East Approach Bridge Demolition Project Underwater Noise Technical Report. June.
WSDOT. 2012. SR303 Manette Bridge Demolition Project Underwater Noise Technical Report. November 11.
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Table 9 – In-Water Concrete Demolition Levels at 10 meters
Measured Sound Levels1

RMS

Computed Frequency Adjustments

LFC

3

TL4

Activity

Peak

SEL2

Tappen
Zee
Ice
Breakers
Structures
(Oct. 2017)5

191

172

179

22.3

Tappen
Zee
Rectangular Caissons
(Nov. 2018)6

203

182

189

27.9

SR 520 Bridge

193

164

174

Manette Bridge

197

172

Mean (excluding SR
520 Bridge)

197

175

MFC

HFC

PP

OP

-1

-18

-22

-5

-6

-1

-20

-25

-6

-6

--4

--4

--4

--4

--4

186

--4

--4

--4

--4

--4

184

25

-19

-23.5

-5.5

-6

-1

Notes: (1) Based on average levels reported. (2) Based on SPL per second. (3) RMS is estimated pulse level
assuming 4.5 pulses per second. (4) TL is based on SEL levels. (4) Not reported. (5) Measured levels were at 10 to
15 meters so levels adjusted to 12.5 meters. (6) Measured levels were at 15 to 20 meters, so levels adjusted to 17.5
meters.

Summary of Pile Installation Sound Modeling Inputs
Table 10 provides a summary of the pile installation information used to model underwater sound
levels for predicting PTS related impacts. The NMFS Companion User Spreadsheet (Version 2.0
[2018]) to the National Marine Fisheries Service (NMFS): Technical Guidance for Assessing the
Effects of Anthropogenic Noise on Marine Mammal Hearing: Underwater Acoustic Thresholds
for Onset of Permanent and Temporary Threshold Shifts was used to predict zones where the onset
of Permanent Threshold Shift (PTS) to marine mammal hearing could occur. The distance to the
isopleths were considered to represent potential Level A zones. Inputs to the User Spreadsheets
included the source levels (adjusted from 10 meters), activity anticipated for each operation, the
transmission loss (TL) and the frequency weighting factor adjustments.
Sound sources that included rock chipping using either a hydraulic breaker or DTH drilling, and
impact pile driving was considered as impulsive sources. Vibratory driving was considered as a
continuous source. DTH driving was assumed as both an impulsive and continuous source.
Level A sound exposure is based on the sound received for an entire workday. The NMFS User
Spreadsheets compute the distances for only one type of sound. Therefore, the daily extent of the
PTS isopleths was computed by summing the source sound exposures for each hearing group and
applying the TL for the continuous sounds. Impulsive sounds from pile driving would have much
15

shorter isopleth distances and were not included in those calculations. Note that this method
assumes a marine mammal (or receiver) would be present in those cumulative zones for an entire
workday.
For Level B zones, the near source RMS levels were used along with the TLs to compute distances
to the behavior isopleths of 160 dB for impulsive sounds and 120 dB for continuous sounds.
NMFS recommends a standard TL coefficient of 15 for pile driving where reliable information
does not exist. The available data used for modeling show a large variability in TL coefficients,
which greatly affects the extent of the Level B isopleths. For example, vibratory driving TL
coefficients range from nearly 22 for the Kodiak measurements, which occurred in relatively
shallow water, similar to this project, to 16.6 for the Skagway data that occurred in relatively deep
water. For this assessment, the project is more representative of the shallower waters, the more
conservative TL coefficient of 15 was used for vibratory and impact pile driving. Similarly, the
DTH percussive drilling sounds had TL coefficients of 19 in Kodiak and 13 in Skagway; however,
the TL for Skagway was 16 when considering the location of the sound source. DTH percussive
drilling that included small anchor casings indicates a higher TL of 24. The NMFS default TL rate
of 15.0 was applied to all pile driving to predict the isopleth extent, except rock tension anchors
and casings where a TL of 20 was used. All of the rock chipping measurements indicate TL rates
of above 20.
Attachment 1 provides a spreadsheet showing computed Level B distance calculations. The NMFS
User Spreadsheets that indicate the extent to the PTS isopleths can be provided separately as Excel
workbook files.
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Table 10 Near Source Level, TLs and Activity Durations for Project Pile Installation Activity
Pile Activity
Description

Type

Source Level Data (10m)

Quantity

Peak

RMS

SEL1

TL2

Sound Source

Dock 36-in Dia. Pile Installation, 20’ Socket Depth
Vibratory Driving
Seconds
Impact Driving
Strikes
DTH Pile Drilling (10Hz rate)
Seconds
Dock Abutment 36-in Dia. Pile Installation, 30’ Socket Depth
Vibratory Driving
Impact Driving

1,800
10
20,700

180
170
210
193
194 175/166

170
183
164

15 Caltrans Compendium (2015)
15 Caltrans Compendium (2015)
15 Jasco Kodiak Report, Skagway

180
210

170
193

170
183

15 Caltrans Compendium (2015)
15 Caltrans Compendium (2015)

Seconds
Strikes

1,800
10

DTH Pile Drilling (10Hz rate)
Seconds
RHIB Fender Piles, 24-in Dia. Pile Installation, 20’ Socket

31,050

194 175/166

164

15 Jasco Kodiak Report, Skagway

Vibratory Driving
Impact Driving
DTH Pile Drilling (10Hz rate)
24-in Dia. Template Piles, 10’ Socket Depth

Seconds
Strikes
Seconds

1,800
10
20,700

170
165
195
181
190 170/166

165
168
154

15 Caltrans Compendium (2015)
15 Jasco Kodiak Report
15 Jasco Kodiak Report

Vibratory Driving
Seconds
Impact Driving
Strikes
DTH Pile Drilling (10Hz rate)
Seconds
24-in Dia Wave Attenuator Piles, 20’ Socket Depth

1,800
10
10,350

170
165
195
181
190 170/166

165
168
154

15 Caltrans Compendium (2015)
15 Jasco Kodiak Report
15 Jasco Kodiak Report

170
195

165
181

165
168

15 Caltrans Compendium (2015)
15 Jasco Kodiak Report

Vibratory Driving
Impact Driving

Seconds
Strikes

1,800
10

DTH Pile Drilling (10Hz rate)
Seconds
HP Pile inserted in Drilled 24-in Dia Sockets, 20’ Socket Depth

20,700

190 170/166

154

15 Jasco Kodiak Report

Vibratory Driving
Impact Driving
DTH Pile Drilling (10Hz rate)
Removal of 24-in Dia. Template Piles
Daily Vibratory Driving
Removal of Sheet Piles
Daily Vibratory Driving
Rock Chipping/Floor Preparation
Daily Hydraulic Breaker

Seconds
Strikes
Seconds

1,800
10
20,700

170
165
195
180
190 170/166

165
170
154

15 Caltrans Compendium (2015)
15 Caltrans Compendium (2015)
15 Jasco Kodiak Report

Seconds

18,000

175

165

165

15 Caltrans Compendium (2015)

Seconds

18,000

175

160

160

15 Caltrans Compendium (2015)

Seconds

27,000

197

175

175

22 Tappen Zee Bridge/Manette Bridge

Notes: 1SEL is per pulse for impact driving and DTH drilling. SEL is per second for vibratory installation, and rock chipping. 2TL used for computing
Level A and Level B zones for vibratory driving and DTH pile drilling are based on 15 Log rate. 3Peak and RMS level estimated based.
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Superseding some of the levels provided in Table 10, NMFS recently released new guidance on
how to consider DTH pile driving. under this guidance, piles above 18” up to 24” in diameter are
to be assigned an SEL of 154 dB. For piles 25” to 42” in diameter, the assigned level is 164 dB.
The Level A harassment assessment is to be considered as impulsive. For Level B harassment,
the rms source level to be 166 dB for all pile diameters and the sound is considered to continuous.
These values were used in the proceeding spreadsheet calculations.
Impact Pile Driving
Impact pile driving would occur on days where DTH pile driving would occur. This impact driving
would be conducted for a short period of time to seat the pile. Using the loudest near-source levels
at 10 meters and approximately 10 pile strikes (see Table 10 for 36-inch diameter piles), the
distance to PTS isopleths would range from 2 to 55 meters. While impulsive sound levels from
impact pile driving are louder than DTH impulsive levels, the distances to the Level B zones are
assessed based on the continuous DTH levels that extend much further than impulsive levels of
impact pile driving. Level B zones for impact pile driving would extend 1,585 meters for the
loudest activities.
Other Sounds – Hydraulic Grinder
The project may use an underwater hydraulic grinder at times. This would be a handheld device
used by divers. The U.S. Navy has assessed diver exposure to the use of this tool through
underwater measurements 12. The Navy measurements were reported in 1/1-octave frequency
bands from 125 to 8,000 Hz for the helmet position that was assumed to be 0.5 to 1 meter from the
hydraulic grinder operation. The overall unweighted sound level was computed to be 167.5 dB at
0.5 to 1 meter. Sound levels in this report are provided for 10-m distances. Since this is a point
source of sound, spherical spreading 20 Log TL coefficient results in a sound level of 142 to 148
dB at 10 meters. The rate the sound level would fall off in the underwater far-field would be
represented by a TL coefficient of at least 20 Log (i.e., 20 dB per each 10-fold increase in distance)
since this is a point source that consists of relatively high frequency sound.
This sound level was compared to acoustic data reported by a manufacturer of this device. There
are no manufacturer underwater sound data available. One model, manufactured by Stanley,
reports an in-air sound level of 97 dB re: 20µPa using the A-weighted frequency adjustments 13.
The sound level corresponds to the operator position that could be assumed to be 1 meter from the
device. Since the grinder likely produces mid- and high-frequency sound, the A-weighted level is
likely to be similar to the unweighted level. It is not possible to directly compute a sound level in
air to determine the underwater sound level. In this case where no other data exists, an
approximation is made. The 97 dBA source level was adjusted by adding 26 dB to adjust for the
differences in reference pressures (i.e., 1 µPa in water vs. 20 µPa in air) and about 36 dB to account
12

U.S. Navy. 2008. Underwater and Diver Station Work Site Noise Surveys. NSMRL/50204/TR-2008-1255.
March 14.
13
GR29 Underwater Hydraulic Grinder, Manufactured by Stanley:
https://www.stanleyinfrastructure.com/sites/stanleyhydraulic.com/files/pdf/gr29-usermanual.pdf
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for differences in the density of the median that the sounds would transmit through. A source
sound level of 159 dB re 1µPA is computed (i.e., at 1 meter). A 20*Log spreading loss equation
was provided to adjust the source level to a 10-meter distance, yielding a sound level of 139 dB re
1µPa at 10 meters. Use of a sound level of 148 dB at 10 meters and a sound TL of 20 was applied
to hydraulic grinding operations for this project.
Predicted Impacts to Marine Mammals
Table 11 includes the following threshold distances computed to assess impacts to marine
mammals for 1 or 2 operations per day:
•

Distance to onset PTS Isopleth for each hearing group for each sound activity and the daily
cumulative level.

•

Distance for Unweighted 120-dB Continuous-Sound and 160-dB Impulse-Sound
Behavioral Isopleth

Table 12 includes the threshold distances computed for 2 or 4 operations per day. The calculations
of PTS threshold distances (isopleths) for impulsive sounds are based on a dual metric threshold
between the higher level of the SELcum or Peak SPL. Since the onset of PTS is based on the distance
to the SELcum threshold is further than based on the peak, Tables 11 and 12 only includes PTS
isopleths based SELcum computations.
Distances to the PTS isopleth are shown for low- and mid-frequency cetaceans and phocid and
otariid pinnipeds. The distance to the behavioral harassment zone is based on the unweighted
RMS sound pressure level that applies across all marine mammal hearing groups. Note that the
distance to the 120 dB and 160 dB behavioral harassment zones do not change depending on the
amount of activity per day, since they are computed from the RMS source level. The daily
distances computed in Table 11 do not account for activities that may occur at different positions
within the project area. Also, the computed distances to the respective isopleths would be less if
land or very shallow water interferes with the sound propagation.
Cases in which two piles might be installed in the same day are also considered. These include
installation of two 36-inch diameter piles, double the number (2 or 4) 24-inch diameter piles, and
one 36-inch and one 24-inch diameter piles. The distance to thresholds for these cases are shown
in Table 12. For cases which multiple piles of the same diameter were installed, the input to the
NMFS spreadsheet calculators double the number of piles. For the mixed cases of 24-inch and
36-inch piles, a combined cSEL at 10m was calculated and propagated as if it were a single pile.
In the case of two sound sources occurring simultaneously, the sound levels were added
mathematically as follows to compute the total sound level:

Total SL = 10*Log10[10 (SL1/10) + 10(SL2/10)],
Where
and

SL1 = source level 1
SL2 = source level 2.
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Table 11 - Daily Maximum Distances (in meters) to the adopted Marine Mammal Thresholds for Non-Simultaneous
Pile Installation Activities
Level A PTS Isopleth Threshold (m)
Based on SELcum
Cetaceans
Daily Activity Scenario
Dock, 36-in Dia. Pile
Installation, 20’ Socket
Depth - 1 pile/day
Dock Abutment, 36-in Dia.
Pile Installation, 30’ Socket
Depth - 1 pile/day
RHIB Fender Piles, 24-in
Dia. Pile Installation, 20’
Socket - 1 pile/day
24-in Dia. Template Piles,
10’ Socket Depth - 2
piles/day
24-in Dia Wave Attenuator
Piles, 20’ Socket Depth - 1
pile/day
Retaining Wall HP Pile
inserted in Drilled 24-in Dia
Sockets, 20’ Socket Depth 1 pile/day
Removal of 24-in Dia.
Template Piles - 16 piles
Removal of Sheet Piles
Rock Chipping/Floor
Preparation

Installation Method
Vibratory (continuous)
DTH Pile Drilling (impulsive)
DTH Pile Drilling (continuous)
Vibratory (continuous)
DTH Pile Drilling (impulsive)

LF
17
1,891
17
2,478

DTH Pile Drilling (continuous)
Vibratory (continuous)
DTH Pile Drilling (impulsive)
DTH Pile Drilling (continuous)
Vibratory (continuous)
DTH Pile Drilling (impulsive)

8
407
8
407

DTH Pile Drilling (continuous)
Vibratory (continuous)
DTH Pile Drilling (impulsive)
DTH Pile Drilling (continuous)
Vibratory (continuous)
DTH Pile Drilling (impulsive)

8
407
8
407

DTH Pile Drilling (continuous)

Pinnipeds

Level B
Behavioral
Harassment Zone (m)
120 dB = 21,544m
160 dB = 100m
120 dB = 11,659m
120 dB = 21,544m
160 dB = 100m

MF
2
67
-

HF
25
2,253
-

PW
10
1,012
-

OW
1
74
-

2
88
-

25
2,951
-

10
1,326
-

1
97
-

1
15
-

12
485
-

5
218
-

0
16
-

1
15
-

12
485
-

5
218
-

0
16
-

1
15
-

12
485
-

5
218
-

0
16
-

-

1
15
-

12
485
-

5
218
-

0
16
-

Vibratory (continuous)

51

5

75

31

2

120dB = 10,000m

Vibratory (continuous)

23

2

35

14

1

120dB = 4,642m

Hydraulic Breaker (impulsive)

403

50

716

204

29

160dB = 123m, 120dB = 3,162m
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120 dB = 11,659m
120 dB = 10,000m
160dB = 46m
120 dB = 11,659m
120 dB = 10,000m
160dB = 46m
120 dB = 11,659m
120 dB = 10,000m
160dB = 46m
120 dB = 11,659m
120 dB = 10,000m
160dB = 46m
120 dB = 11,659m

Table 12- Daily Maximum Distances (in meters) to the adopted Marine Mammal Thresholds for Two Simultaneous
Pile Installation Activities
Level A PTS Isopleth Threshold
(m) Based on SELcum
Cetaceans
Daily Activity Scenario
Dock, 36-in Dia. Pile
Installation, 20’ Socket Depth - 2
pile/day
Dock Abutment, 36-in Dia. Pile
Installation, 30’ Socket Depth
and 36-in Dia. Pile 20’ Socket
Depth
RHIB Fender Piles, 24-in Dia.
Pile Installation, 20’ Socket - 2
pile/day
24-in Dia. Template Piles, 10’
Socket Depth - 4 piles/day
24-in Dia Wave Attenuator Piles,
20’ Socket Depth - 2 pile/day
Retaining Wall - HP Pile
inserted in Drilled 24-in Dia
Sockets, 20’ Socket Depth - 2
piles/day
Dock, 36-in Dia. Pile
Installation, 20’ Socket Depth - 1
pile/day and Wave Attenuator,
24-in Dia. Pile Installation, 20’
Socket - 1 pile/day
Dock 36-in Dia. Pile Installation
30’ Socket Depth and 24-in Dia
Pile Installation 20’ Socket
Depth

Installation Method
Vibratory (continuous)
DTH Pile Drilling (impulsive)
DTH Pile Drilling (continuous)
Vibratory (continuous)
DTH Pile Drilling (impulsive)

LF
27
3,002
27
3,484

DTH Pile Drilling (continuous)

-

Vibratory (continuous)
DTH Pile Drilling (impulsive)
DTH Pile Drilling (continuous)
Vibratory (continuous)
DTH Pile Drilling (impulsive)

13
647
13
647

DTH Pile Drilling (continuous)
Vibratory (continuous)
DTH Pile Drilling (impulsive)
DTH Pile Drilling (continuous)
Vibratory (continuous)
DTH Pile Drilling (impulsive)

13
647
13
647

DTH Pile Drilling (continuous)

Pinnipeds

MF
2
107
-

HF
40
3,576
-

PW
17
1,607
-

OW
1
117
-

2
124
-

40
4,149
-

17
1,864
-

1
136
-

1
23
-

19
770
-

8
346
-

1
25
-

1
23
-

19
770
-

8
346
-

1
25
-

1
23
-

19
770
-

8
346
-

1
25
-

-

1
23
-

19
770
-

8
346
-

1
25
-

Vibratory (continuous)
DTH Pile Drilling (impulsive)

20
2,011

2
72

30
2,395

12
1,076

1
78

DTH Pile Drilling (continuous)

-

-

-

-

-

Vibratory (continuous)
DTH Pile Drilling (impulsive)

20
2,885

2
103

30
3,436

12
1,544

1
133

DTH Pile Drilling (continuous)

-

-

-

-

-
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Level B
Behavioral
Harassment Zone (m)
120 dB = 34,145m
160 dB = 158m
120 dB = 18,478
120 dB = 34,145m
160 dB = 158m
120 dB = 18,478
120 dB = 15,849m
160dB = 74m
120 dB = 18,478
120 dB = 15,849m
160dB = 74m
120 dB = 18,478
120 dB = 15,849m
160dB = 74m
120 dB = 18,478
120 dB = 15,849m
160dB = 74m
120 dB = 18,478
120 dB = 25,902m
160 dB = 120m
120 dB = 18,478
120 dB = 25,902m
160 dB = 120m
120 dB = 18,478

CONCLUSION
Construction of the Palmer Pier Replacement project would result in the generation of underwater
sounds that could affect marine mammals that may be present in waters at or near the project. The
National Oceanic Atmospheric Administration’s National Marine Fisheries Services (NMFS)
provides guidance for assessing underwater impacts to marine mammals based on potential for
hearing effects (considered Level A harassment) and behavioral responses (considered Level B
harassment). This assessment predicts the sounds and the extent of potential Level A and Level B
impacts from the construction activities.
The sound assessment is complex, taking into consideration the types of sounds, the sound levels,
the frequency content of those sounds and the rate at which the sound propagates underwater in
that environment. The sounds generated by the conceived construction plans would be continuous
due to vibratory pile driving or impulsive due to DTH pile driving and short period of impact pile
driving. There is the possibility of impulsive sounds that could be produced by rock chipping.
Pile installation activities are predicted to have potential Level A impacts that extend out to 4,149
meters each day, depending on the types of activity and animal species. The range of level B
impact would be much greater, extending out to 34 kilometers during vibratory pile driving. For
most activities, Level B zones would be less than 16 kilometers. Level B zones are predicted to
extend out 0.2 kilometers on days that down the hole drilling techniques are used that include a
rotary hammer for two, 36-inch diameter piles. For DTH installation of two, 24-inch diameter
piles, the range would be 0.08 km. It should be noted that the prediction that sounds extending out
34 kilometers would be to waters that have clear line of sight to the construction activity. The
prediction of down the hole drilling sounds and the predicted extent of those sounds are based on
limited measurements from similar projects that were made at fairly close distances to the activity.
Impact pile driving is anticipated to occur on days with DTH installations. The DTH sounds would
result in much larger Level A and Level B zones, such that there would not be an additive effect
from impact pile driving.
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ATTACHMENT 1: DISTANCES TO LEVEL B THRESHOLD

Palmer Station Pier Replacement Project
Underwater Acoustic Assessment
Distance to Level B Threshold of Non-Overlapping Operations

Sound Generating Activity

10m
Level
in dB

TL

Distance to Level B
in meters
160
120

Vibratory 24in (cont)

165

15

10,000

Vibratory 36in (cont)

170

15

21,544

DTH drill 24in (imp)

170

15

46

DTH drill 36in (imp)

175

15

100

DTH Drill (cont)

166

15

25

11,659

Rock Chipping (cont)

176

22

53

3,484

Rock Anchor Casing (imp)
Rock Anchor DTH drill
(cont)
Rock Anchor DTH drill
(imp)

175

15

100

154

15

171

15

Removal of Sheet Piles

160

15

1,848
54
4,642

Palmer Station Pier Replacement Project
Underwater Acoustic Assessment
Distance to Level B Threshold of Overlapping Operations

Sound Generating Activity

10m
Level
in dB

TL

Distance to Level B
in meters
160
120

Vibratory 24in (cont) x2

168

15

15,849

Vibratory 36in (cont) x2

173

15

34,145

DTH drill 24in (imp) x2

173

15

74

DTH drill 36in (imp) x2

178

15

158

DTH drill 36in (cont) x2

169

15

40

Vibratory 36in (cont)+24in
DTH drill 36in (Imp)+1 24in
20'
DTH drill 36in (Imp)+2 24in
10'

171

15

176

15

120

176

15

120

18,478
25,902

Appendix B
Detailed Take Estimates

Plamer Pier IHA Application
Appendix B Take Estimates
Color Key:

Species for which no nearshore density esimtate is available so offshore density is used.
Indicates density NOT used to calculate take. Changed density to 0 if number was not used.
Higher of two densities used for take estimate per NMFS request.

DTH Pile Driving- Level A

36-Inch Pile

24-Inch Pile

Species

Level A Impact
Area (km2)

NEARSHORE Density
(animal per km2 )

OFFSHORE Density
(animal per km2 )

Antarctic Minke Whale (LF)
Arnoux's Beaked Whale (MF)
Blue Whale (LF)
Fin Whale (LF)
Hourglass Dolphin (HF)
Humpback Whale (LF)
Killer Whale (MF)
Long-finned Pilot Whale (MF)
Southern Bottlenose Whale (MF)
Sei Whale (LF)
Southern Right Whale (LF)
Sperm Whale (MF)
Antarctic Fur Seal (OW)
Crabeater Seal (PW)
Southern Elephant Seal (PW)
Leopard Seal (PW)
Weddell Seal (PW)
Antarctic Minke Whale (LF)
Arnoux's Beaked Whale (MF)
Blue Whale (LF)
Fin Whale (LF)
Hourglass Dolphin (HF)
Humpback Whale (LF)
Killer Whale (MF)
Long-finned Pilot Whale (MF)
Southern Bottlenose Whale (MF)
Sei Whale (LF)
Southern Right Whale (LF)
Sperm Whale (MF)
Antarctic Fur Seal (OW)
Crabeater Seal (PW)
Southern Elephant Seal (PW)
Leopard Seal (PW)
Weddell Seal (PW)

3.38
0.03
3.38
3.38
4.4
3.38
0.03
0.03
0.03
3.38
3.38
0.03
0.03
1.4
1.4
1.4
1.4
0.3
0.0015
0.3
0.3
0.4
0.3
0.0015
0.0015
0.0015
0.3
0.3
0.0015
0.0017
0.11
0.11
0.11
0.11

0.0018
n/a
n/a
0.0839
0.0015
0.0361
0.0015
0.0076
0.0006
n/a
0.0004
0.0006
0.0999
1.76
0.0003
0.0003
0.054
0.0018
n/a
n/a
0.0839
0.0015
0.0361
0.0015
0.0076
0.0006
n/a
0.0004
0.0006
0.0999
1.76
0.0003
0.0003
0.054

0.093
0.000038
0.00005
0.0072
n/a
0.0001
0.0313
0.0079
0.0066
0.00025
n/a
0.01699
n/a
0.00762
n/a
0.00005
0.00013
0.093
0.000038
0.00005
0.0072
n/a
0.0001
0.0313
0.0079
0.0066
0.00025
n/a
0.01699
n/a
0.00762
n/a
0.00005
0.00013

# pile
driving
days
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NEARSHORE Density
Estimated Level A Exposure (density*area*
days)
0.00
n/a
n/a
13.33
0.31
5.73
0.00
0.00
0.00
n/a
0.06
0.00
0.14
115.81
0.02
0.02
3.55
0.00
n/a
n/a
0.40
0.01
0.1733
0.00
0.00
0.00
n/a
0.0019
0.00
0.0027
3.10
0.0005
0.0005
0.10

OFFSHORE Density
Estimated Level A
Exposure (density*area*
days)
14.77
0.0001
0.01
0.00
n/a
0.00
0.04
0.01
0.01
0.04
n/a
0.02
n/a
0.00
n/a
0.00
0.00
0.45
0.0000
0.0002
0.00
n/a
0.0000
0.0008
0.0002
0.0002
0.0012
n/a
0.0004
n/a
0.00
n/a
0.0000
0.0000

*

For the purposes of estimating exposures, the areas for MF cetaceans during installation of the dolphon are assumed to be the same as the 36-in piles shown in Rows 4-20 for MF.
The same approach is also used for OW.

B-1

Vibratory Template Pile and Sheetile Removal (non-simultaneous) Level A

Sheetpile
Removal

Species

Level A Impact
Area (km2)1

NEARSHORE Density
(animal per km2 )

OFFSHORE Density
(animal per km2 )

# vibratory
removal
days

Antarctic Minke Whale (LF)
Arnoux's Beaked Whale (MF)
Blue Whale (LF)
Fin Whale (LF)
Hourglass Dolphin (HF)
Humpback Whale (LF)
Killer Whale (MF)
Long-finned Pilot Whale (MF)
Southern Bottlenose Whale (MF)
Sei Whale (LF)
Southern Right Whale (LF)
Sperm Whale (MF)
Antarctic Fur Seal (OW)
Crabeater Seal (PW)
Southern Elephant Seal (PW)
Leopard Seal (PW)
Weddell Seal (PW)

0.006
0
0.006
0.006
0.012
0.006
0
0
0
0.006
0.006
0
0
0.0006
0.0006
0.0006
0.0006

0.0018
n/a
n/a
0.0839
0.0015
0.0361
0.0015
0.0076
0.0006
n/a
0.0004
0.0006
0.0999
1.76
0.0003
0.0003
0.054

0.093
0.000038
0.00005
0.0072
n/a
0.0001
0.0313
0.0079
0.0066
0.00025
n/a
0.01699
n/a
0.00762
n/a
0.00005
0.00013
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NEARSHORE Density
Estimated Level A Exposure (density*area*
days)
0.00
n/a
n/a
0.01
0.0001
0.0035
0.00
0.00
0.00
n/a
0.0000
0.00
0.01
0.17
0.0000
0.0000
0.01

OFFSHORE Density
Estimated Level A
Exposure (density*area*
days)
0.01
0.00
0.00
0.00
n/a
0.0000
0.00
0.00
0.00
0.0000
n/a
0.00
n/a
0.0000
n/a
0.0000
0.0000

*For the purposes of estimating takes, the areas for removing template piles and sheetpiles were added together and then multiplied by density and number of days. This does not mean, removal of template piles and sheetpiles occur
simultaneously.
* The distance to Level A for MF cetaceans is 5m or less. Similarly, the distance to Level A for otariids is 2m or less. For the purpose of estimating take, the area ensonified is assumed 0.

Total Level A Exposure
Species

NEARSHORE
Density Estimated
Level A Exposure

OFFSHORE Density
Estimated Level A
Exposure

TOTAL Level A

Antarctic Minke Whale (LF)
0.00
15.23
15.23
Arnoux's Beaked Whale (MF)
n/a
0.0001
0.0001
Blue Whale (LF)
n/a
0.008
0.01
Fin Whale (LF)
13.74
0.00
13.74
Hourglass Dolphin (HF)
0.32
n/a
0.32
Humpback Whale (LF)
5.91
0.00
5.91
Killer Whale (MF)
0.00
0.04
0.04
Long-finned Pilot Whale (MF)
0.00
0.01
0.01
Southern Bottlenose Whale (MF)
0.00
0.009
0.01
Sei Whale (LF)
n/a
0.04
0.04
Southern Right Whale (LF)
0.07
n/a
0.07
Sperm Whale (MF)
0.00
0.02
0.02
Antarctic Fur Seal (OW)
0.15
n/a
0.15
Crabeater Seal (PW)
119.07
0.00
119.07
Southern Elephant Seal (PW)
0.02
n/a
0.02
Leopard Seal (PW)
0.02
0.00
0.02
Weddell Seal (PW)
3.65
0.00
3.65
*If both nearshore and offshore densities are available, the higher of the two densities have been
used to estimate takes (i.e., Antarctic minke, killer whale, long-finned pilot whale, southern
bottlenose whale, and sperm whale).

B-2

DTH Pile Driving - Level B
Pile Size

36-in

24-in

a

Species

Level B Impact
Area (km2)a

NEARSHORE Density
(animal per km2 )

OFFSHORE Density
(animal per km2 )

Antarctic Minke Whale (LF)
Arnoux's Beaked Whale (MF)
Blue Whale (LF)
Fin Whale (LF)
Hourglass Dolphin (HF)
Humpback Whale (LF)
Killer Whale (MF)
Long-finned Pilot Whale (MF)
Southern Bottlenose Whale (MF)
Sei Whale (LF)
Southern Right Whale (LF)
Sperm Whale (MF)
Antarctic Fur Seal (OW)
Crabeater Seal (PW)
Southern Elephant Seal (PW)
Leopard Seal (PW)
Weddell Seal (PW)
Antarctic Minke Whale (LF)
Arnoux's Beaked Whale (MF)
Blue Whale (LF)
Fin Whale (LF)
Hourglass Dolphin (HF)
Humpback Whale (LF)
Killer Whale (MF)
Long-finned Pilot Whale (MF)
Southern Bottlenose Whale (MF)
Sei Whale (LF)
Southern Right Whale (LF)
Sperm Whale (MF)
Antarctic Fur Seal (OW)
Crabeater Seal (PW)
Southern Elephant Seal (PW)
Leopard Seal (PW)
Weddell Seal (PW)

51.62
54.97
51.62
51.62
50.6
51.62
54.97
54.97
54.97
51.62
51.62
54.97
54.97
53.6
53.6
53.6
53.6
51.62
54.97
51.62
51.62
50.6
51.62
54.97
54.97
54.97
51.62
51.62
54.97
54.97
53.6
53.6
53.6
53.6

0.0018
n/a
n/a
0.0839
0.0015
0.0361
0.0015
0.0076
0.0006
n/a
0.0004
0.0006
0.0999
1.76
0.0003
0.0003
0.054
0.0018
n/a
n/a
0.0839
0.0015
0.0361
0.0015
0.0076
0.0006
n/a
0.0004
0.0006
0.0999
1.76
0.0003
0.0003
0.054

0.093
0.000038
0.00005
0.0072
n/a
0.0001
0.0313
0.0079
0.0066
0.00025
n/a
0.01699
n/a
0.00762
n/a
0.00005
0.00013
0.093
0.000038
0.00005
0.0072
n/a
0.0001
0.0313
0.0079
0.0066
0.00025
n/a
0.01699
n/a
0.00762
n/a
0.00005
0.00013

# pile
driving
days
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NEARSHORE Density
Level B Exposure Estimated (density*area*
days)
0.00
n/a
n/a
203.55
3.57
87.58
0.00
0.00
0.00
n/a
0.97
0.00
258.10
4433.79
0.76
0.76
136.04
0.00
n/a
n/a
69.29
1.21
29.82
0.00
0.00
0.00
n/a
0.33
0.00
87.86
1509.38
0.26
0.26
46.31

OFFSHORE Density
Level B Exposure
Estimated (density*area*
days)
225.63
0.10
0.12
0.00
n/a
0.00
80.87
20.41
17.05
0.61
n/a
0.00
n/a
0.00
n/a
0.00
0.00
76.81
0.03
0.04
0.00
n/a
0.00
27.53
6.95
5.80
0.21
n/a
14.94
n/a
0.00
n/a
0.00
0.00

Level B impact area is equal to 55 km2 minus the Level A impact areas shown above because if an animal enters the Level A zone, it is counted as a Level A take.

B-3

Vibratory Template Pile Removal (non-simultaneous) Level B
Species

Template Pile
Removal

Antarctic Minke Whale (LF)
Arnoux's Beaked Whale (MF)
Blue Whale (LF)
Fin Whale (LF)
Hourglass Dolphin (HF)
Humpback Whale (LF)
Killer Whale (MF)
Long-finned Pilot Whale (MF)
Southern Bottlenose Whale (MF)
Sei Whale (LF)
Southern Right Whale (LF)
Sperm Whale (MF)
Antarctic Fur Seal (OW)
Crabeater Seal (PW)
Southern Elephant Seal (PW)
Leopard Seal (PW)
Weddell Seal (PW)

Level B Impact
Area (km2)1

NEARSHORE Density
(animal per km2 )

OFFSHORE Density
(animal per km2 )

# vibratory
removal
days

20.78

0.0018
n/a
n/a
0.0839
0.0015
0.0361
0.0015
0.0076
0.0006
n/a
0.0004
0.0006
0.0999
1.76
0.0003
0.0003
0.054

0.093
0.000038
0.00005
0.0072
n/a
0.0001
0.0313
0.0079
0.0066
0.00025
n/a
0.01699
n/a
0.00762
n/a
0.00005
0.00013

4

NEARSHORE Density
Estimated Level B Exposure (density*area*
days)
0.00
n/a
n/a
6.97
0.12
3.00
0.00
0.00
0.00
n/a
0.03
0.00
8.30
146.29
0.02
0.02
4.49

OFFSHORE Density
Estimated Level B
Exposure (density*area*
days)
7.73
0.00
0.00
0.00
n/a
0.00
2.60
0.66
0.55
0.02
n/a
1.41
n/a
0.00
n/a
0.00
0.00

NEARSHORE Density
Estimated Level B Exposure (density*area*
days)
0.00
n/a
n/a
1.77
0.03
0.76
0.00
0.00
0.00
n/a
0.01
0.00
2.11
37.10
0.01
0.01
1.14

OFFSHORE Density
Estimated Level B
Exposure (density*area*
days)
1.96
0.00
0.00
0.00
n/a
0.00
0.66
0.17
0.14
0.01
n/a
0.36
n/a
0.00
n/a
0.00
0.00

Vibratory Sheetpile Removal (non-simultaneous) Level B
Species

Sheetpile
Removal

Antarctic Minke Whale (LF)
Arnoux's Beaked Whale (MF)
Blue Whale (LF)
Fin Whale (LF)
Hourglass Dolphin (HF)
Humpback Whale (LF)
Killer Whale (MF)
Long-finned Pilot Whale (MF)
Southern Bottlenose Whale (MF)
Sei Whale (LF)
Southern Right Whale (LF)
Sperm Whale (MF)
Antarctic Fur Seal (OW)
Crabeater Seal (PW)
Southern Elephant Seal (PW)
Leopard Seal (PW)
Weddell Seal (PW)

Level B Impact
Area (km2)1

NEARSHORE Density
(animal per km2 )

OFFSHORE Density
(animal per km2 )

# vibratory
removal
days

5.27

0.0018
n/a
n/a
0.0839
0.0015
0.0361
0.0015
0.0076
0.0006
n/a
0.0004
0.0006
0.0999
1.76
0.0003
0.0003
0.054

0.093
0.000038
0.00005
0.0072
n/a
0.0001
0.0313
0.0079
0.0066
0.00025
n/a
0.01699
n/a
0.00762
n/a
0.00005
0.00013

4

B-4

Anode Installation Using Hydrogrinder or Needle Scaler Level B
Species
Antarctic Minke Whale (LF)
Arnoux's Beaked Whale (MF)
Blue Whale (LF)
Fin Whale (LF)
Hourglass Dolphin (HF)
Humpback Whale (LF)
Anode
Killer Whale (MF)
Installation
Long-finned Pilot Whale (MF)
Using
Southern Bottlenose Whale (MF)
Hydrogrinder or
Sei Whale (LF)
Needle Scaler
Southern Right Whale (LF)
Level B
Sperm Whale (MF)
Antarctic Fur Seal (OW)
Crabeater Seal (PW)
Southern Elephant Seal (PW)
Leopard Seal (PW)
Weddell Seal (PW)

Level B Impact
Area (km2)1

NEARSHORE Density
(animal per km2 )

OFFSHORE Density
(animal per km2 )

# days

0.07

0.0018
n/a
n/a
0.0839
0.0015
0.0361
0.0015
0.0076
0.0006
n/a
0.0004
0.0006
0.0999
1.76
0.0003
0.0003
0.054

0.093
0.000038
0.00005
0.0072
n/a
0.0001
0.0313
0.0079
0.0066
0.00025
n/a
0.01699
n/a
0.00762
n/a
0.00005
0.00013
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NEARSHORE Density
Estimated Level B Exposure (density*area*
days)
0.00
n/a
n/a
0.11
0.00
0.05
0.00
0.00
0.00
n/a
0.00
0.00
0.13
2.22
0.00
0.00
0.00

OFFSHORE Density
Estimated Level B
Exposure (density*area*
days)
0.12
0.00
0.00
0.00
n/a
0.00
0.04
0.01
0.01
0.00
n/a
0.02
n/a
0.00
n/a
0.00
0.00

Total Level B Exposure (DTH+Vibratory Install & Removal+Anodes)
Species

NEARSHORE
Density Estimated
Level B Exposure

OFFSHORE Density
Estimated Level B
Exposure

TOTAL Level B

Antarctic Minke Whale (LF)
Arnoux's Beaked Whale (MF)
Blue Whale (LF)
Fin Whale (LF)
Hourglass Dolphin (HF)
Humpback Whale (LF)
Killer Whale (MF)
Long-finned Pilot Whale (MF)
Southern Bottlenose Whale (MF)
Sei Whale (LF)
Southern Right Whale (LF)
Sperm Whale (MF)
Antarctic Fur Seal (OW)
Crabeater Seal (PW)
Southern Elephant Seal (PW)
Leopard Seal (PW)
Weddell Seal (PW)

0.00
n/a
n/a
281.70
4.94
121.21
0.00
0.00
0.00
n/a
1.34
0.00
356.50
6128.78
1.04
1.04
187.97

312.25
0.14
0.17
0.00
n/a
0.00
111.70
28.19
23.55
0.84
n/a
16.73
n/a
0.00
n/a
0.00
0.00

312.25
0.14
0.17
281.70
4.94
121.21
111.70
28.19
23.55
0.84
1.34
16.73
356.50
6128.78
1.04
1.04
187.97
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Total Level A and Level B Exposures
Species
Level A Exposures
Antarctic Minke Whale (LF)
15.23
Arnoux's Beaked Whale (MF)
0.00
Blue Whale (LF)
0.01
Fin Whale (LF)
13.74
Hourglass Dolphin (HF)
0.32
Humpback Whale (LF)
5.91
Killer Whale (MF)
0.04
Long-finned Pilot Whale (MF)
0.01
Southern Bottlenose Whale (MF)
0.01
Sei Whale (LF)
0.04
Southern Right Whale (LF)
0.07
Sperm Whale (MF)
0.02
Antarctic Fur Seal (OW)
0.15
Crabeater Seal (PW)
119.07
Southern Elephant Seal (PW)
0.02
Leopard Seal (PW)
0.02
Weddell Seal (PW)
3.65

Level B Exposures
312.25
0.14
0.17
281.70
4.94
121.21
111.70
28.19
23.55
0.84
1.34
16.73
356.50
6,128.78
1.04
1.04
187.97

Total Summer Observations 2018 - 2020 (January - March) Compared to Estimated Level A and Level B Takes
Species
Humpback Whale
Antarctic Fur Seal
Crabeater Seal
Southern Elephant Seal
Leopard Seal
Weddell Seal

Jan - Mar 2019
0
73
20
1
3
8

Oct 2019 - Mar 2020
2
70
24
0
2
6

Est. Level A Take
5.91
0.15
119.07
0.02
0.02
3.65

Est. Level B
Take
121.21
356.50
6,128.78
1.04
1.04
187.97

Total Level A and Level B Takes
(Does not reflect adjusted Level A & B in Application*)
Takes As
Whole
Numbers
Antarctic Minke Whale (LF)*
15.23
312
327.48
327
Arnoux's Beaked Whale (MF)*
0.00
12
12.00
12
Blue Whale (LF)
0.01
2
2.01
2
Fin Whale (LF)
13.74
281.70
295.44
295
Hourglass Dolphin (HF)*
0.32
60
60.32
60
Humpback Whale (LF)*
5.91
121.21
127.12
127
Killer Whale (MF)
0.04
111.70
111.74
112
Long-finned Pilot Whale (MF)
0.01
28.19
28.20
28
Southern Bottlenose Whale (MF)
0.01
23.55
23.56
24
Sei Whale (LF)*
0.04
6
6.04
6
Southern Right Whale (LF)*
0.07
20
20.07
20
Sperm Whale (MF)
0.02
16.73
16.75
17
Antarctic Fur Seal (OW)*
80
356.50
436.50
437
Crabeater Seal (PW)
119.07
6128.78
6247.85
6249
Southern Elephant Seal (PW)*
0.02
1.04
1.06
1
Leopard Seal (PW)*
5
1.04
6.04
6
Weddell Seal (PW)*
10
187.97
197.97
198
*See descriptive text in IHA application as to why Level A & B has been adjusted based on NSF observation data
or highest densities.
Species

Level A Take

Level B Take

Total Takes
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Takes Requested As a Percentage of Abundance
Takes as Percentage
Abundance
of Abundance
Antarctic Minke Whale (LF)
500,000
0.0654%
Arnoux's Beaked Whale (MF)
600,000
0.0020%
Blue Whale (LF)
2,300
0.0870%
Fin Whale (LF)
38,200
0.7723%
Hourglass Dolphin (HF)
144,000
0.0417%
Humpback Whale (LF)
50,000
0.2540%
Killer Whale (MF)
80,000
0.1400%
Long-finned Pilot Whale (MF)
200,000
0.0140%
Southern Bottlenose Whale (MF)
500,000
0.0048%
Sei Whale (LF)
626
0.9585%
Southern Right Whale (LF)
30,000
0.0667%
Sperm Whale (MF)
12,000
0.1417%
Antarctic Fur Seal (OW)
2,700,000
0.0162%
Crabeater Seal (PW)
7,000,000
0.0893%
Southern Elephant Seal (PW)
750,000
0.0001%
Leopard Seal (PW)
220,000
0.0027%
Weddell Seal (PW)
1,000,000
0.0198%
Species
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Appendix C
Noise Exposure Extent Figures
Representing Likely Construction Scenarios
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