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ACRONYMS AND ABBREVIATIONS 
BSS  Beaufort Sea State 
cfm  cubic feet per minute 
dB  decibel(s) 
ESA  Endangered Species Act 
ft  feet 
ft2  square feet 
GPS  global positioning system 
in  inch(es) 
km  kilometer(s) 
lb  pound 
LOA  Letter of Authorization 
m  meter(s) 
m2  square meter(s) 
MAMU  Marbled Murrelet Observer 
mi  mile(s) 
MC  Monitoring Coordinator 
MMO  Marine Mammal Observer 
MMPA  Marine Mammal Protection Act 
MMMP  Navy’s Marine Mammal Monitoring Plan 
Navy  U.S. Department of the Navy 
NBK  Naval Base Kitsap 
NMFS  National Marine Fisheries Service 
RMS  root mean square 
μPa  micropascal 
U.S.  United States 
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INTRODUCTION 

The United States (U.S.) Department of the Navy (Navy) conducted the Test Pile Project to test pile 
and coffer dam installation and removal methods at Naval Base Kitsap (NBK) Bremerton. NBK 
Bremerton is located in the Puget Sound region of Washington State. The specific installation and 
removal location is within the area of the Puget Sound Naval Shipyard and Intermediate Maintenance 
Facility. 

The purpose of the project was to test the installation and removal of temporary steel pipe piles and 
steel sheet piles. In-water construction included vibratory and impact pile driving and extraction, 
and monitoring effort for these activities was conducted from 22 August 2023 through 1 November 
2023. The project installed forty-five 36-inch (in)-diameter steel pipe piles and thirty 14-inch steel 
sheet piles. Vibratory installation was used to the extent practicable to drive steel pipe piles and steel 
sheet piles to minimize high sound pressure levels associated with impact pile driving. Impact pile 
driving was required to “proof” piles or when vibratory installation failed to fully drive a pile to the 
proper depth. The number of impact pile strikes varied depending on the substrate at each pile 
location and the pile size and type. Impact pile strikes did not exceed 6,000 per construction day. A 
bubble curtain was employed during impact installation of steel pipe piles where water depths were 
greater than 0.67 meters (m) (2 feet [ft]). All piles installed as part of the Test Pile Project were 
removed using either a vibratory hammer, direct pull, or by cutting the piles off at the mudline at the 
end of the project. 

Pile driving and pile extraction produce underwater noise which can harass and injure marine 
species. To minimize potential impacts of this noise on marine species, a noise attenuating device 
(i.e., bubble curtain) was used during impact hammer operations for steel piles. In addition, marine 
mammal monitoring was conducted during all pile driving by National Marine Fisheries Service 
(NMFS)-approved observers. Because pile driving and extraction produce underwater noise levels 
above behavioral harassment (Level B) and injury (Level A) thresholds for marine mammals, prior 
to the beginning of construction, the Navy assessed potential pile-driving impacts to marine mammal 
species known to occur in the action area and estimated the number of Level A and Level B exposures 
to each species. In accordance with the Marine Mammal Protection Act (MMPA), the Navy submitted 
this information to NMFS in their Letter of Authorization (LOA) request for authorization of the 
incidental, but not intentional, taking of marine mammal species during pile-driving and extraction 
activities at NBK Bremerton, Washington, subject to the provisions of the MMPA and the Regulations 
Governing Taking of Marine Mammals Incidental to U.S. Navy Marine Structure Maintenance and Pile 
Replacement in Washington (NMFS 2023). As a result, NMFS issued the LOA for non-injurious, 
temporary harassment (Level B) takes of humpback whales (Megaptera novaeangliae), minke whales 
(Balaenoptera acutorostrata), gray whales (Eschrichtius robustus), killer whales (Orcinus orca – 
transients and residents), Dall’s porpoises (Phocoenoides dalli), harbor porpoises (Phocoena 
phocoena), California sea lions (Zalophus californianus), Steller sea lions (Eumetopias jubatus), 
elephant seals (Mirounga angustirostris), and harbor seals (Phoca vitulina). The LOA did not include 
non-serious injury (Level A) takes (NMFS 2023).  

This report summarizes the marine mammal monitoring efforts conducted during the in-water work 
window for this project (22 August to 1 November 2023). To ensure compliance with the LOA, marine 
mammal monitoring was conducted during in-water pile driving and extraction in accordance with 
the Navy’s Marine Mammal Monitoring Plan (MMMP) for the Test Pile Project at NBK Bremerton (DoN 
2023a) and Navy’s Endangered Species Act (ESA)/Marine Mammal Protection Act (MMPA) Monitoring 
and Construction Restriction Requirements (DoN 2023b). Marble murrelet monitoring and sound 
source verification was also conducted during this work window. Descriptions of these efforts are 
included in separate reports (DoN 2024; The Greenbusch Group Inc. 2024). 
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METHODS 

PROJECT AREA 
The Project Area is located at NBK Bremerton which is in the Puget Sound region of Washington State. 
The specific installation and removal location is within the area of the Puget Sound Naval Shipyard 
and Intermediate Maintenance Facility (Figures 1 and 2).  

Monitoring and Shutdown Zones 
Under Section 101 (a)(5)(D) of the MMPA, NMFS issued the Navy a LOA for the incidental takes of 
marine mammals during in-water construction (NMFS 2023) The term “take,” as defined in Section 
3 (16 U.S. Code 1362) of the MMPA, means “to harass, hunt, capture, or kill, or attempt to harass, 
hunt, capture, or kill any marine mammal.” “Harassment” was further defined in the 1994 
amendments to the MMPA, which provided two levels of “harassment.” Level A harassment includes 
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 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 (50 Code of Federal Regulations, Part 216, Subpart A, Section 216.3-
Definitions). Level A harassment from underwater noise can lead to permanent threshold shift, which 
is a form of auditory injury, while Level B harassment from underwater noise can lead to temporary 
hearing threshold shift. All of these forms of harassment constitute “incidental take” under the MMPA 
and the ESA. 

Level A Zone: The isopleth for this injury threshold zone was based on the new harassment criteria 
for marine mammals using cumulative sound exposure level metrics and peak pressure rather than 
the previously used decibel (dB) root mean square (RMS) metric (see NMFS 2018). The Level A zone 
was based on the maximum calculated radius for pinnipeds and cetaceans during installation of 36-
in steel and concrete piles with impact techniques and for vibratory pile installation. This zone 
ranged from 1 to 882 m depending on the species and type of pile driving (Tables 1 through 3).  

Shutdown Zone: The shutdown zones are slightly larger than the Level A zones so that pile driving 
operations can be shut down before a marine mammal enters the injury zone in order to minimize 
the potential for injuries to the mammal. This zone ranged from 10 to 900 m depending on the species 
and type of pile driving (Tables 1 through 3). 

Level B Zone: The isopleth for this behavioral threshold zone was based on the following harassment 
criteria for marine mammals: 160 dB RMS referenced to 1 micropascal (μPa) (dB re 1 μPa) for 
impulsive underwater sounds from pile driving and 120 dB RMS re 1 μPa for non-impulsive 
underwater sounds. This zone ranged from 464 m (impacting steel piles) to a maximum of 13,600 
(vibratory pile driving) (Tables 1 through 3). 
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Figure 1. Location of Naval Base Kitsap Bremerton, Washington. 
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Figure 2. Location of Project Area and example of marine mammal visual monitoring zones 

for 36-inch impact driven steel piles. 
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Table 1. Behavior and injury harassment monitoring and shutdown zones for attenuated 
impact driving of 36-inch steel piles during installation 

Marine Mammal Functional 
Hearing Groups 
(with commonly occuring species) 

Level B Harassment Zone Level A 
Harassment Zone 

(Injury 
Threshold) 

Shutdown  
Zone1 Behavior 

Threshold Monitoring Zone 

High Frequency Cetaceans:  
Dall’s Porpoise, Harbor Porpoise 

464 m 

500 m 
(For pinnipeds 

and mid-
frequency 
cetaceans) 

 
Monitoring would 

occur out to the 
furthest Level A 
shutdown zone 

for cetaceans (up 
to 750-900 m) 

882 m 900 m 

Mid Frequency Cetaceans:  
Southern Resident Killer Whale 
Transient Killer Whale 

26 m 500 m 

Low Frequency Cetaceans:  
Gray Whale, Humpback Whale 741 m 750 m 

Phocids: 
Elephant Seal, Harbor Seal 397 m 400 m 

Otariids: 
California Sea Lion, Steller Sea Lion 44 m 50 m 

Notes: A bubble curtain will be used to attenuate impact pile driving sound by 8 dB (Navy, 2015); monitoring would 
occur out to the furthest shutdown zone. 
1 Real time locations of killer whales, gray whales, and humpback whales will be provided to the Marine Mammal Lead 

prior to pile driving. If these species are nearing or moving toward the Level B monitoring zones, pile driving can be 
delayed or shut down until the marine mammals move away. The shutdown encompasses the injury zone. Additionally, 
a Behavioral Harassment Monitoring Zone will be established that will encompass as much of the Behavioral 
Harassment Zone that can be practicably monitored from Protected Species Observer positions. All pile driving shall 
cease should any cetaceans be detected within the Behavioral Harassment Zone. 

dB = decibel(s); m = meter(s) 
  

Table 2. Behavior and injury harassment monitoring and shutdown zones for vibratory 
driving of 36-inch piles during installation or removal 

Marine Mammal Functional 
Hearing Groups 
(with commonly occuring species) 

Level B Harassment Zone Level A 
Harassment Zone 

(Injury 
Threshold) 

Shutdow
n Zone 

Behavior 
Threshold 

Monitoring 
Zone 

High Frequency Cetaceans:  
Dall’s Porpoise, Harbor Porpoise 

13,600 m 
(Truncated by 

land masses and 
islands) 

400 m1 

141.5 m 

400 m1  Mid Frequency Cetaceans:  
Killer Whale 8.5 m 

Low Frequency Cetaceans:  
Gray Whale. Humpback Whale 95.7 m 

Phocids: 
Elephant Seal, Harbor Seal 58.2 m 60 m 

Otariids: 
California Sea Lion, Steller Sea Lion 4.1 m 10 m 

1 Pile driving shall cease should any cetaceans be detected in this zone. 
dB = decibel(s); m = meter(s) 
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Table 3. Behavior and injury harassment monitoring and shutdown zones for vibratory 
driving of 14-inch sheet piles during installation or removal 

Marine Mammal Functional 
Hearing Groups 
(with commonly occuring species) 

Level B Harassment Zone Level A 
Harassment Zone 

(Injury Threshold) 
Shutdown 

Zone 
Behavior 

Threshold 
Monitoring 

Zone 

High Frequency Cetaceans:  
Dall’s Porpoise, Harbor Porpoise 

7,400 m 400 m1 

24 m 

400 m1 
Mid Frequency Cetaceans:  
Southern Resident Killer Whale 
Transient Killer Whale 

1 m 

Low Frequency Cetaceans:  
Gray Whale, Humpback Whale 16 m 

Phocids: 
Elephant Seal, Harbor Seal 10 m 15 m 

Otariids: 
California Sea Lion, Steller Sea Lion 1 m 10 m 

1 Pile driving shall cease should any cetaceans be detected in this zone. 
dB = decibel(s); m = meter(s) 

Observer Monitoring Locations 
Three marine mammal observers monitored for marine mammals during impact pile driving and 
vibratory pile driving. Observers were positioned at land-based sites off Base and pier sites on Base 
(Figures 3 through 4). Of these monitoring location options, observer sites were chosen each day 
based on the operations to be conducted that day, visibility, and weather conditions.     
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Figure 3. Land-based observer monitoring sites were located on Base and off Base in order 
to maximize coverage of Level A zones and Level B zones.  

 
Figure 4. Four of the observer monitoring sites were located around the construction site. 

VISUAL MONITORING PROTOCOLS 
All in-water construction was conducted during daylight hours. Marine mammal sightings were 
recorded before, during, and after pile driving/extraction activities. Observers followed the 
monitoring protocols outlined in the Navy’s LOA and MMMP (DoN 2023a; DoN 2023b). Observers 
tracked and reported authorized takes. Operations were shut down when a nonauthorized species 
entered the pertinent take zone and when the authorized number of takes were met for a particular 
species and take zone.  

Table 4. Authorized Level B takes 

Species Level B Takes 
Authorized 

California sea lion 2,318 

Steller sea lion 19 

Harbor seal 370 

Elephant Seal 2 

Humpback Whale 4 

Minke Whale 4 
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Species Level B Takes 
Authorized 

Gray Whale 4 

Killer Whale Transient 12 

Killer Whale Southern Resident 40 

Dall’s Porpoise 29 

Harbor Porpoise 267 

No Level A takes were authorized.  
During periods of reduced visibility due to poor weather and high sea states, the entire shutdown 
zone and surrounding waters had to be visible to the naked eye in order for operations to continue. 
Pile-driving operations were not initiated until visibility was deemed acceptable in the shutdown 
zones by the observers.  

Pre-Activity Monitoring 
Before pile driving or extraction could commence, observers monitored the zones for a minimum of 
15 minutes.  

• If a marine mammal was sighted in a shutdown zone or was approaching a shutdown zone, 
the start of pile driving was delayed until the animal left the shutdown zone voluntarily and 
was visually confirmed outside of the shutdown zone or if 15 minutes had elapsed without 
re-detection of the animal.  

• If a marine mammal was not sighted in or approaching a shutdown zone, then the observers 
gave the “all clear” to the Monitoring Coordinator (MC) who then notified the pile driving 
foreman that pile driving could commence. 

During Activity Monitoring 
During pile-driving and extraction activities, observers continued to monitor the zones and 
implemented the following protocols: 

• If a cetacean entered or approached the shutdown zone for cetaceans, pile driving ceased 
until the animal voluntarily left the zone. If a pinniped entered the shutdown zone for 
pinnipeds, pile driving ceased until the animal voluntarily left the zone.  

• If a pinniped was observed within or entering the Level B zone during pile driving, a take 
was recorded, behaviors documented, and the shutdown zone monitor was alerted to the 
position of the animal; however, that pile segment was completed without cessation unless 
the animal approached the shutdown zone for pinnipeds at which point all pile driving 
activities were halted.  

• Once a shutdown (“all-stop”) was initiated, pile-driving activities were delayed until the 
animal left the shutdown zone voluntarily, was visually confirmed outside the shutdown 
zone, or if 15 minutes had elapsed without re-detection of the animal (i.e., the zone was 
deemed clear of marine mammals).  

• As of 28 September 2023, these protocols were updated for harbor seals. If a harbor seal was 
observed in the Level A exposure zone, pile driving would shut down. Pile driving would 
restart after 30 minutes from which the animal has moved outside that zone or since the last 
time the animal was observed. MMOs would notify the Navy describing details of the Level A 
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exposure, estimated time exposed to pile driving, how the animal responded, etc. The Navy 
would contact NMFS Office of Protected Resources within 24 hours and provide a report 
based on the MMO observations. 

• Under certain construction circumstances where initiating the shutdown and clearance 
procedures could result in an imminent concern for human safety, the Navy point of contact 
was to be notified prior to re-initiation of pile driving. These situations did not occur during 
this project period. 

Post-Activity Monitoring 
After the completion of pile driving/extraction, observers continued monitoring the zones for at least 
30 minutes. Observers recorded all marine mammal sightings data, including any unusual or 
abnormal behavior. If any injured, sick, or dead marine mammals had been observed, the U.S. Navy 
was to notify NMFS immediately. One dead harbor seal was observed during the project period and 
reported to NMFS along with photos. This seal was found dead at Port Orchard Waterfront Park on 
1 November 2023. There were no obvious signs of trauma. We learned that locals had seen the dead 
seal in the same location on 26 October 2023, and it appeared to have been dead quite some time at 
that point. The locals had phoned the NOAA Marine Stranding Network at 1-866-767-6114. During 
that week, the Navy conducted impact and vibratory pile driving on 23 and 24 October.  

DATA COLLECTION METHODS 
The observers used a variety of monitoring and communication equipment, including VHF (very high 
frequency) radios, hand-held global positioning system (GPS) units, spotting scopes, laser 
rangefinders, binoculars with reticles, cell phones for recording data and communicating with the 
team, green and red flags as backup for radio communication, marine mammal identification guides, 
and backup datasheets printed on waterproof paper. Personal protective equipment included 
hardhats, steel-toed boots, gloves, hearing and eye protection, and Type 3 personal floatation devices. 
All data were recorded using a smartphone application developed via the epicollect5 mobile data-
gathering platform. This application included all of the data fields from the NMFS-approved Marine 
Mammal Observation Record Form (Appendix A) and allowed observers to quickly and accurately 
record sightings, weather, and construction activity data and continuously upload the data to a cloud-
based storage site throughout each monitoring day to minimize accidental loss of data.   
Data recorded during marine mammal monitoring included 

• date and time that pile driving begins and ends; 
• method of installation for each pile; 
• time and location (GPS estimate and zone [Level A, shutdown, etc.]) of marine mammal 

sightings; 
• construction activities occurring during each marine mammal sighting; 
• weather parameters (e.g., percent cover, percent glare, visibility); 
• Beaufort Sea State (BSS); 
• species, numbers, and if possible, sex and age class of marine mammals; 
• marine mammal behavior patterns observed, including bearing from observer and direction 

of travel; 
• distance of marine mammals from pile-driving activities; and 
• occurrence of pile driving delay or shutdown due to marine mammal presence in shutdown 

zones. 

Environmental conditions (weather parameters and BSS) were recorded when observers began 
monitoring each day and during each sighting and were updated regularly as conditions changed 
throughout each monitoring day.  
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At the end of each monitoring day, the MC reviewed all uploaded data for accuracy, combined the 
uploaded data into a daily file, and copied the new day’s data into the master database file. All data 
files were stored in the cloud-based epicollect5 platform and Google Drive as a backup. 

REPORTING 
At the end of each monitoring day, the MC prepared a summary report of the day’s monitoring efforts. 
These reports included the observer monitoring locations used, observer names, updated take 
numbers, monitoring effort start and end times, day start and end times, an activities summary, and 
a description of any issues or delays.  

ADDITIONAL MITIGATION MEASURES 
In addition to continuous visual monitoring of the Level A and Level B zones, mitigation measures 
included use of a bubble curtain (sound attenuation device) which was used during all impact driving 
events. The bubble curtain system consisted of an air supply (1600-cubic feet per minute [cfm] 
compressors), a manifold, and seven to eight rings that surrounded the pile to create a column of air 
around the pile. The manifold acted as a distribution center from the air compressors to 1-in air hoses 
that supplied air to each ring. Typically, seven rings were used when impact driving. The eighth ring 
acted as a spare and was utilized when driving in deeper water (offshore crane piles and dolphin 
piles). Air hoses supplied air to the rings that escaped through many small holes drilled around the 
entire circumference of each ring.  

Initial calculations indicated that three air compressors (each 1600 cfm) would be required to 
provide the required 8 dB of sound attenuation; however, when performing initial tests of the system, 
it was found that when using all three air compressors, the bottom ring would float off of the mudline, 
thus diminishing the sound reduction. Using one air compressor (1600 cfm) provided 8 dB of sound 
attenuation without floating the bottom ring of the bubble curtain. See Appendix B for design 
specifications of the air bubble curtain system. 

PROJECT STAFF 
All observers were biologists with prior training and experience in conducting marine mammal 
monitoring or surveys (Table 5). They were skilled in their ability to identify marine mammal 
species and describe relevant behaviors that may occur in proximity to in-water construction 
activities. One of these observers served as the MC who was responsible for coordinating the 
observer team and maintaining radio communication with the pile-driving supervisor during start-
up, operation, shutdowns, and restarts. The MC prepared the daily reports, tracked takes, reviewed 
the data, and maintained the database. In addition to having a Bachelor of Science degree in biology 
and over 8 years of relevant experience, the MC also had at least 4 years of pile driving monitoring 
experience over the past 8 years. The MC was also skilled in leading complex teams of marine 
mammal and marbled murrelet observers during pile driving projects. The Observer Program 
Manager oversaw the recruitment, orientation, scheduling, and management of qualified observers 
for monitoring; developed monitoring data collection protocols and tools; checked the database for 
completeness; and prepared monitoring reports. During impact driving, two of the marine mammal 
observers who were also certified marbled murrelet observers, would serve as dedicated marbled 
murrelet observers while the third observer served as the dedicated marine mammal observer. 
During vibratory driving, all three marine mammal observers monitored for marine mammals. 
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Table 5. Monitoring team 

Position* Name Affiliation 

Program Manager Amy Whitt Azura Consulting LLC 

MC/MMO/MAMU Stefanie Hawks-Johnson Saltwater Inc. 

MMO/MAMU Debaran Kelso Saltwater Inc. 

MMO/MAMU Kari Williamson Saltwater Inc. 

MMO Mollie Stanfield Saltwater Inc. 
*MC = Monitoring Coordinator; MMO = Marine Mammal Observer; MAMU = Marbled Murrelet Observer 

RESULTS 

PILE-DRIVING ACTIVITIES 
Pile-driving activities conducted during construction included pile driving and extraction. 
 
Piles Installed 

• 24-in piles – 9 each (steel). All piles driven with both vibratory and impact hammer 
• 36-in piles – 26 each (steel). All piles driven with both vibratory and impact hammer (extra 

two were driven and extracted at platform 1 to moor derrick to) 
• 18 flat sheet piles driven in frame as well as six Z-sheet piles driven adjacent to sheet pile 

driving frame. 
o Roughly 15-30 minutes per pile 

• Impact driving 24- and 36-in piles with offshore swinging leads and spotter and leads 
o Roughly 5 minutes of driving per pile average 

 
Piles Removed 

• 36-in, 24-in, and all sheet piles were pulled with the exception of six sheet piles at platform 
3 and 7- to 36-in piles at platform 2. All piles pulled with a vibratory hammer 

o Vibratory extraction time varied from 4-15 minutes per pile 
o Vibratory extraction was attempted on all piles. Some couldn’t be removed and 

were cut off below mudline by divers. 
 
The pile embedment ranged from 25 to 46 ft with an average of 32 ft. The impact or vibratory 
hammer force used to drive/extract piles was as follows: 
 
Delmag D100-13 

• Energy/Blow= 265,520 ft-lbs. Max 
 
AFE 325-6  Vibratory Hammer  

• Drive Force = 270 tons 
• Eccentric Moment = 7,000 in-lbs. 

 
Delmag D19-52 Impact Hammer  

• Energy/Blow = 48,680 ft-lbs. Max 
Delmag D-180 Impact Hammer 
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• Energy/Blow = 271,644 to 443,913 ft-lbs 
 

MONITORING EFFORT 
Monitoring effort began on 22 August 2023 and ended on 1 November 2023. Vibratory pile driving 
began on 22 August 2023, and impact pile driving began on 25 August 2023. Observers were onsite 
for a total of 38 days. Monitoring effort was conducted on 22 days and within approximately 283 
hours during this time period which includes periods of active pile driving activity and periods 
between pile driving events (Table 6).  

Table 6. Summary of monitoring effort (days that included impact pile driving operations 
are highlighted in blue) 

Date Start Time 
(hh:mm:ss) 

End Time 
(hh:mm:ss) 

Total Time 
(hh:mm:ss) 

8/21/2023 6:45:00 18:00:00 11:45:00 

8/22/2023 7:45:00 16:30:00 8:45:00 

8/23/2023 7:45:00 18:00:00 10:15:00 

8/24/2023 7:45:00 16:30:00 8:45:00 

8/25/2023 7:45:00 15:30:00 7:45:00 

8/28/2023 7:45:00 16:45:00 9:00:00 

8/29/2023 7:45:00 13:00:00 5:25:00 

8/30/2023 11:15:00 16:59:00 5:25:00 

8/31/2023 7:45:00 18:15:00 10:30:00 

9/1/2023 7:45:00 14:59:00 6:30:00 

9/5/2023 7:45:00 14:15:00 6:15:00 

9/6/2023 7:45:00 14:15:00 6:15:00 

9/7/2023 7:45:00 16:45:00 9:00:00 

9/8/2023 7:45:00 12:00:00 4:15:00 

9/11/2023 7:45:00 18:00:00 10:15:00 

9/12/2023 7:45:00 12:15:00 4:30:00 

9/13/2023 7:45:00 17:15:00 9:30:00 

9/14/2023 9:15:00 14:00:00 4:45:00 

9/15/2023 7:45:00 15:30:00 7:45:00 

9/18/2023 12:30:00 15:00:00 2:30:00 

9/19/2023 8:00:00 15:45:00 7:45:00 

9/20/2023 8:00:00 16:15:00 8:15:00 

9/21/2023 8:15:00 16:00:00 7:45:00 
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Date Start Time 
(hh:mm:ss) 

End Time 
(hh:mm:ss) 

Total Time 
(hh:mm:ss) 

9/22/2023 8:00:00 17:15:00 9:15:00 

9/25/2023 7:15:00 17:30:00 10:15:00 

9/26/2023 7:00:00 16:30:00 9:30:00 

9/27/2023 6:45:00 9:00:00 2:15:00 

9/28/2023 9:15:00 12:00:00 2:45:00 

9/29/2023 9:00:00 15:00:00 6:00:00 

10/3/2023 13:00:00 17:15:00 4:15:00 

10/4/2023 9:30:00 19:15:00 9:45:00 

10/11/2023 7:30:00 14:45:00 7:15:00 

10/13/2023 7:30:00 16:45:00 9:15:00 

10/23/2023 7:45:00 17:30:00 9:45:00 

10/24/2023 7:30:00 13:45:00 6:15:00 

10/30/2023 7:30:00 16:00:00 8:30:00 

10/31/2023 7:30:00 16:00:00 8:30:00 

11/1/2023 7:30:00 15:15:00 7:30:00 

ENVIRONMENTAL CONDITIONS 
The BSS ranged from 0 (calm) to 2 (light breeze) during the monitoring period with swells between 
0 and 3 ft in height. Visibility ranged from poor (0.5 kilometers [km]) to excellent (15 km). See 
Attachment A for all environmental data recorded during monitoring. 

MARINE MAMMAL SIGHTINGS 
All marine mammal sightings data are provided in Attachment B. Four marine mammal species were 
sighted during the project period (Table 7). California sea lions were the most common species 
sighted with 332 sightings. Other pinniped sightings included Steller sea lions and harbor seals. 
California sea lions and harbor seals were sighted during each month of the project period (August – 
November). Peak sightings were during September for both species (Figure 5). Note that during 
November, monitoring only occurred during one day. 

The most common behaviors exhibited by harbor seals during and without pile driving operations 
were milling and slow traveling. During pile driving operations, observers noticed slightly more 
looking around behavior (4 percent during versus 2 percent without pile driving). Other behaviors 
observed included fast travel, resting/hauled out, and feeding. 

During the majority of the California sea lion sightings, the most common behaviors observed (during 
and without pile driving operations) were slow travel. Other behaviors observed included fast travel, 
milling, feeding, resting/hauled out, and socializing. Observed changes in behavior during pile 
driving included porpoising, flushing, leaping, swimming away from pile, hauling out, barking, and 
fast travel. 

One Steller sea lion was observed resting/hauled out during the monitoring period when no pile 
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driving was occurring. The only cetaceans observed were two harbor porpoises slow traveling when 
no pile driving was occurring. 

Table 7. Summary of marine mammal sightings 

Species Total # 
Sightings 

# Sightings during 
Pile Driving 
Operations 

Mean 
Group 

Size 

Closest 
Distance to 

Pile Site (m) 

Harbor porpoise  
(Phocoena phocoena vomerina) 1 0 2 1800 

Steller sea lion  
(Eumetopias jubatus monteriensis) 1 0 1 140 

California sea lion 
(Zalophus californianus) 332 230 13* 8 

Harbor seal  
(Phoca vitulina richardii) 207 122 1 20 

*Large group sizes ranging from 1 to 303 were sighted near Port Orchard Waterfront Park. Group sizes on Base ranged 
from 1 to 85. 
m = meters 

 

 
Figure 5. Sightings of marine mammals per month. 

MARINE MAMMAL TAKES 
The total Level B takes for marine mammals are summarized in Table 8 and shown per month on 
Figure 6. All takes were observed takes; no extrapolations were allowed via the LOA. No takes were 
exceeded. No Level A takes were authorized. At 10:26 am on 6 September 2023, one harbor seal was 
recorded within the Level A zone (397 m) during impact pile driving. The harbor seal was sighted 
slow traveling 200 m from the pile. Pile-driving operations were shut down and the Navy was 
contacted. No changes in behavior were observed. Prior to this shutdown, a harbor seal was sighted 
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at 9:54 am 250 m from the pile prior to pile driving. It cleared the zone and resulted in a 10-minute 
delay to pile driving. The harbor seal sighted at 200 m at 10:26 am may have been the same seal, but 
individual identification could not be confirmed. The Navy notified NMFS Office of Protected 
Resources of the Level A exposure.  

Table 8. Summary of Level B takes. 

Species Level B Takes 
Authorized 

Level B 
Takes Used 

California Sea Lion 2,318 524 
Steller Sea Lion 19 0 
Harbor seal 370 96 
Elephant Seal 2 0 
Humpback Whale 4 0 
Minke Whale 4 0 
Gray Whale 4 0 
Killer Whale Transient 12 0 
Killer Whale Southern Resident 40 0 
Dall’s Porpoise 29 0 
Harbor Porpoise 267 0 

 
Figure 6. Level B takes of marine mammals per month. 

CONSTRUCTION DELAYS AND SHUTDOWNS 
Construction operations were delayed by a total of approximately 4 hours and 5 minutes and shut 
down for a total of 1 hour and 38 minutes due to the presence of animals (Table 9). Delays and 
shutdowns were during impact and vibratory pile driving operations. We recorded a total of 24 
shutdowns and 13 delays to the onset of pile driving. All shutdowns except one were due to the 
presence of California sea lions (Table 10). California sea lions accounted for one of the delays, while 
the rest were due to the presence of harbor seals (Table 10).  
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Table 9. Summary of mitigation delays and shutdowns 

Date Vibratory 
Driving 

Impact 
Driving 

Total 
Delays 

Total Delay 
Time 

(hh:mm:ss) 

Total 
Shutdowns 

Total 
Shutdown 

Time 
(hh:mm:ss) 

Notes 

8/21/2023 N N 0 0 0 0 No production. Onsite 
mobilization day. 

8/22/2023 Y N 0 0 0 0  

8/23/2023 Y N 1 0:01:00 0 0  

8/24/2023 Y N 0 0 0 0  

8/25/2023 Y Y 0 0 0 0  

8/28/2023 N Y 0 0 0 0  

8/29/2023 N Y 0 0 0 0  

8/30/2023 Y N 0 0 0 0  

8/31/2023 Y N 0 0 0 0  

9/1/2023 Y Y 0 0 1 0:15:00  

9/5/2023 N Y 1 0:15:00 0 0 
Habor seal/Shutdown 
Delay resulted in the 
decision to stop pile 

work for the day 

9/6/2023 N Y 1 0:10:00 1 0:05:00 

Level A exposure. 
During impact a harbor 
seal popped up 200 m 

from the pile activity at 
10:26. Shutdown was 

initiated and Navy 
contacted because there 

were no Level A takes 
permitted. 

9/7/2023 Y Y 1 0:25:00 0 0  

9/8/2023 Y Y 0 0 0 0  

9/11/2023 Y Y 0 0 0 0  

9/12/2023 Y Y 0 0 0 0 
One harbor seal entered 
the shutdown zone 35 

minutes prior to impact 
but was not seen again 

9/13/2023 N Y 1 0:10:00 1 0:15:00  

9/14/2023 Y N 0 0 0 0  

9/15/2023 Y Y 0 0 0 0  

9/18/2023 N N 1 1:14:00 0 0 

Harbor seal sighted 
multiple times in the 

shutdown zone 
preventing pile driving 
from starting to avoid a 

Level A take 
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Date Vibratory 
Driving 

Impact 
Driving 

Total 
Delays 

Total Delay 
Time 

(hh:mm:ss) 

Total 
Shutdowns 

Total 
Shutdown 

Time 
(hh:mm:ss) 

Notes 

9/19/2023 N Y 0 0 0 0 

Harbor seal sighted in 
shutdown zone 30 

minutes prior to 
impacting.  Two 

California sea lions 
flushed into the water 

during impact and were 
showing signs of 

disorientation-shaking 
their heads multiple 

times before porpoising 
away.  

9/20/2023 Y N 1 0:10:00 0 0  

9/21/2023 Y Y 0 0 1 0:03:00  

9/22/2023 Y Y 0 0 0 0  

9/25/2023 Y Y 2 1:13:00 1 0:02:00  

9/26/2023 Y Y 1 0:05:00 7 0:07:00  

9/27/2023 Y N 0 0 0 0  

9/28/2023 Y N 0 0 0 0  

9/29/2023 N Y 1 0:04:00 9 0:48:00  

10/3/2023 Y N 0 0 0 0  

10/4/2023 Y N 0 0 0 0  

10/11/2023 Y N 0 0 0 0  

10/13/2023 Y N 0 0 0 0  

10/23/2023 Y N 0 0 0 0 Z sheet driving 

10/24/2023 Y N 0 0 0 0 Z sheet driving impact 

10/30/2023 Y Y 1 0:03:00 2 0:02:00 14" sheet piles and Z 
sheets  

10/31/2023 Y Y 1 0:15:00 1 0:01:00  

11/1/2023 Y N 0 0 0 0  
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Table 10. Marine mammal sightings resulting in mitigation delays and shutdowns 

Date Time Species* 
Distance 

to Pile 
(m) 

Behavior 

Group 
Size - 
Best 

Estimate 

# of 
Calves 
/Pups 

Constr. 
Activity Zone #Animals 

in Zone Mitigation Comments 

9/1/2023 13:30:00 CS 50 Resting/Haul
ed Out 6 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 

6 animals flushed at the beginning of 
impact. 1 in shutdown zone headed 
west and out of zone, 15 minutes delay 
to clear area again. 5 animals in LEVEL 
B Harassment zone when flushed into 
the water 

9/5/2023 12:31:00 HS 40 Slow 
Traveling 1 0 

Soft Start 
(Impact-

Steel) 

Shutdown 
Zone 1 

Delay 
Onset of 

Pile 
Driving 

Entered zone before SS. HS reappeared 
multiple times from 1231 till 1400.  
Manson decided to quit pile work at 
1346.  Very probable that it is the same 
seal observed at Pier 5. Same 
markings/very little natural habitat for 
multiple seals 

9/6/2023 9:54:00 HS 250 Milling 1 0 
Soft Start 
(Impact-

Steel) 

Shutdown 
Zone 1 

Delay 
Onset of 

Pile 
Driving 

Observed in shut down zone. Observed 
at 1001 outside of zone. Gave all clear to 
continue work 

9/6/2023 10:26:57 HS 200 Slow 
Traveling 1 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 

Appeared in zone at 200m heading East, 
1032 seen out of zone 550m 

9/13/2023 10:53:00 CS 50 

Flushed then 
surfaced 
multiple 

times shaking 
his head. 

1 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 
 

09/18/2023 13:04:53 HS 250 Slow 
Traveling 1 0 

Soft Start 
(Impact-

Steel) 

Shutdown 
Zone 0 

Delay 
Onset of 

Pile 
Driving 

Seen westbound at 250m, reappeared at 
247 milling 1308, 248m at 1314, 1322 
at 250m, 200m at 1330, 45m at 1349, 
95m at 1406, 50m at 1412 

09/20/2023 11:22:00 HS 60 Milling 1 0 
Vibe 

(install/e
xtract) 

Shutdown 
Zone 1 

Delay 
Onset of 

Pile 
Driving 

Seen at 60m at 1133. Delayed 10 
minutes 

09/21/2023 13:12:27 CS 30 Resting/Haul
ed Out 2 0 

Soft Start 
(Impact-

Steel) 

Level B 
Harassmen

t Zone 
2 

Shutdown 
Pile 

Driving 

One individual hauled out at 30m on a 
can, 2 more at 50m hauled out, 2 more 
at 65m hauled in out. 2 flushed at start 
of impact, headed S observed again at 
120m 

09/25/2023 12:55:00 HS 90 Slow 
Traveling 1 1 

Soft Start 
(Impact-

Steel) 

Shutdown 
Zone 1 

Delay 
Onset of 

Pile 
Driving 

Entered zone at 120 m, dove N, 1258 
100m milling, 1301 90m S Dive, 1305 
200m south dove 
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Date Time Species* 
Distance 

to Pile 
(m) 

Behavior 

Group 
Size - 
Best 

Estimate 

# of 
Calves 
/Pups 

Constr. 
Activity Zone #Animals 

in Zone Mitigation Comments 

09/25/2023 13:17:00 CS 34 Fast 
Traveling 3 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 
 

09/26/2023 8:55:00 CS 44 Resting/Haul
ed Out 1 0 

Soft Start 
(Impact-

Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 
Observed again at 120m out of zone. 

09/26/2023 8:59:00 CS 53 Resting/Haul
ed Out 1 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 

Observed again at 70m out of zone 
continued south 

09/26/2023 9:02:00 CS 53 Resting/Haul
ed Out 1 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 

Seen again at 90m out of zone. 
Continuing south 

09/26/2023 11:28:00 CS 38 Resting/Haul
ed Out 2 0 

Soft Start 
(Impact-

Steel) 

Shutdown 
Zone 2 

Shutdown 
Pile 

Driving 

Flushed into water on the second SS, 
observed again at 80m still swimming 
south out of the zone 

09/26/2023 14:39:00 HS 350 Slow 
Traveling 1 0 

Soft Start 
(Impact-

Steel) 

Shutdown 
Zone 1 

Delay 
Onset of 

Pile 
Driving 

Seen traveling SW out of zone. 

09/26/2023 15:01:00 CS 45 Resting/Haul
ed Out 4 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 4 

Shutdown 
Pile 

Driving 
 

09/26/2023 15:07:00 CS 45 Resting/Haul
ed Out 2 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 2 

Shutdown 
Pile 

Driving 

Flushed into zone but observed 
traveling out of zone quickly 

09/29/2023 11:01:00 CS 8 Milling 1 0 
Soft Start 
(Impact-

Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 

Ss startled another CS 15m from can 
(head lift) 

09/29/2023 11:13:00 CS 50 Fast 
Traveling 1 0 

Soft Start 
(Impact-

Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 

Gave extra time for observance of any 
behavior changes and observed none. 
No animals in zone when given all clear 
to continue with impact 

09/29/2023 11:17:00 CS 10 Slow 
Traveling 1 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 
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Date Time Species* 
Distance 

to Pile 
(m) 

Behavior 

Group 
Size - 
Best 

Estimate 

# of 
Calves 
/Pups 

Constr. 
Activity Zone #Animals 

in Zone Mitigation Comments 

09/29/2023 11:19:00 CS 10 Fast 
Traveling 3 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 3 

Shutdown 
Pile 

Driving 
 

09/29/2023 11:22:00 CS 45 Fast 
Traveling 3 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 2 

Shutdown 
Pile 

Driving 
 

09/29/2023 12:25:00 CS 42 Resting/Haul
ed Out 5 0 

Soft Start 
(Impact-

Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 
 

09/29/2023 12:28:00 CS 42 Fast 
Traveling 2 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 2 

Shutdown 
Pile 

Driving 
 

09/29/2023 13:28:00 CS 30 Slow 
Traveling 4 0 

Soft Start 
(Impact-

Steel) 

Shutdown 
Zone 4 

Delay 
Onset of 

Pile 
Driving 

Had 3 milling in zone and a total of four 
at max hauling out on water fence for 
10 min. Finally cleared zone at 1351 

09/29/2023 13:51:00 CS 35 Slow 
Traveling 3 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 3 

Shutdown 
Pile 

Driving 

One hauled out at 1357 till 1408, no 
behavior changes from noise of impact 

09/29/2023 13:58:00 CS 35 Slow 
Traveling 1 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 
 

10/30/2023 13:11:00 CS 50 Resting/Haul
ed Out 1 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 
CS was closest to us. 

10/30/2023 13:15:00 CS 55 Fast 
Traveling 1 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 1 

Shutdown 
Pile 

Driving 

CS hauls back out south of shutdown 
zone so they resume work shortly after. 

10/31/2023 10:48:00 CS 55 
Slow 

Traveling/Ha
uled Out 

2 0 

Impact 
Pile 

Driving 
(Steel) 

Shutdown 
Zone 2 

Shutdown 
Pile 

Driving 

2 CS went in after 3 min of impact 
hammer on. Showed some irritation. 
Moved quickly south & out of zone 

*HS = Harbor Seal; HP = Harbor Porpoise; CS = California Sea Lion 
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APPENDIX A: MARINE MAMMAL OBSERVATION RECORD FORM 
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APPENDIX B: BUBBLE CURTAIN SPECIFICATIONS & PERFORMANCE 
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