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ADMIRALTY INLET PILOT TIDAL PROJECT 

MARINE MAMMAL PRE-INSTALLATION STUDY PLAN 
December 2009 

1.0 Description of Issue 

Public Utility District No. 1 of Snohomish County (Snohomish) is engaged in FERC licensing of 
the Admiralty Inlet Pilot Tidal Energy Project in Puget Sound, Washington. The Project involves 
installation of up to two tidal in-stream energy conversion devices in Admiralty Inlet, as well as 
placement of a transmission cable to shore. These devices will be installed in the northeastern 
portion of Admiralty Inlet, approximately 1 km west-southwest of Admiralty Head near latitude 
48.149065, longitude -122.691319, in water depth of approximately 60 meters (Figure 1).  Power 
generated will be transmitted via a single subsea cable and connected to the grid at the Puget 
Sound Energy infrastructure near the Fort Casey Conference Center.  

Any potentially adverse effect of the Project on aquatic species is of concern to Snohomish.  It is 
Snohomish’s intent to 1) characterize the existing environment, including marine mammal use, 
within the Project vicinity; 2) evaluate the potential for the Project to substantively impact 
existing resources; and 3) engage in detailed post-installation monitoring of the Project to 
observe and assess any such impacts.  This study addresses the first of these goals and is 
intended to support the environmental analyses required for the second.  These analyses will be 
presented in Snohomish’s Draft Pilot License Application (DPLA) and subsequent Final Pilot 
License Application (FPLA). 

2.0 Project Effects 

It is expected that the Project will have the potential to affect marine mammal species during 
turbine and subsea cable installation, or near each turbine once installed.  Stakeholder comments 
and Snohomish’s assessments suggest that the potential effects of the Project that must be 
evaluated in the DPLA include 1) effects of noise associated with Project installation or 
operation; 2) effects caused by impact with a turbine rotor; 3) alteration of the seafloor substrate 
and/or local habitats; and 4) alteration of marine mammal behavior or migration patterns. 

3.0 Relevant Existing Information 

Admiralty Inlet is used by and includes designated critical habitat for Southern Resident killer 
whales [(Orcinus orca, SRKW), NOAA 2008]. Occurrences are most frequent in the fall when 
they feed on adult chum and Chinook salmon runs (Osborne 1999, NOAA 2008).  Porpoises, 
particularly harbor porpoises (Phocoena phocoena), are relatively common and can be observed 
in the region year-round, while other cetaceans are observed far more intermittently 
(Calambokidis and Baird 1994).  Use of the Puget Sound region by Steller sea lions (Eumetopias 
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jubatus) and harbor seals (Phoca vitulina) has increased recently, including use of haul-outs on 
Marrowstone Island, approximately five and a half miles south of the Project site.  Steller sea 
lions have been observed using this site over the last five years (S. Jefferies, WDFW, pers. 
comm.). No sea lion breeding sites occur in the region.   

Additional background information regarding marine mammal use of the Project area is 
presented in Snohomish’s January 2008 Pre-Application Document and in certain stakeholder 
comments.    Snohomish intends to use existing data (e.g., NMFS stock assessments [Caretta et 
al. 2009] and WDFW vessel surveys) to estimate other marine mammal (non-SRKW) use of the 
study area. 

4.0 Need for Additional Information 

Project stakeholders have requested studies to assess the presence, abundance, location, and use 
of the Project area and northern Admiralty Inlet by SRKW, including the use of passive acoustic 
monitoring methods (PAM) and direct observations. No current review of existing SRKW 
datasets describing use of Admiralty Inlet has been conducted; these data include use and 
behavior data. Field studies described here will supplement this existing dataset.  In particular, 
field studies will attempt to collect SRKW diving depth data and will supplement existing 
information on the horizontal distribution of SRKW during transit.  For marine mammals other 
than SRKW, Snohomish will supplement existing information about use of the area with data 
collected from passive acoustic monitoring at the Project site data and opportunistic boat and 
land-based observations, as described below.   

5.0 Study Plan 

5.1 Study Objectives and Rationale 

The goal of this study is to provide new information sufficient to support Snohomish’s Draft 
Pilot License Application and FERC and stakeholder environmental analysis of the potential 
effects of the Project. In line with regulatory agency recommendations, SRKW form the focus of 
the study, but information on other marine mammals, notably harbor porpoise, will also be 
gathered. The study area consists of Admiralty Inlet waters within five nautical miles of the 
Project deployment site, including the entire width of Admiralty Inlet off of Admiralty Head 
(Figure 1).  

The study described in this document involves four concurrent phases: 1) conduct an up-to-date, 
comprehensive review and analysis of relevant SRKW historical data-sets, 2) collect long-term 
information on marine mammal presence near the Project site using Passive Acoustic Monitoring 
techniques (already in progress),  3) collect additional fine-scale habitat use by SRKW in the 
vicinity of the proposed Project site and 4) collect additional information on key marine species 
in the vicinity of the proposed Project site and at local haul-outs.  
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Specific objectives and rationale for this study are as follows: 

Southern Resident killer whales 

a) Describe historical trends in migratory movements. A historical data review and analysis 
of SRKW sightings in the Whale Museum’s Orca Master database will be queried for 
information on number and seasonality of movements through the area to aid in the 
assessment of potential disruption effects (e.g., exclusion from Admiralty Inlet). 

b) Describe historical habitat use in the study area. A historical data review of 
supplementary sightings databases will summarize available information on route (e.g., 
which side of Admiralty Inlet is used) and behavior (e.g., whether animals are traveling 
or foraging) in the study area.  

c) Describe current seasonal presence of SRKWs in the immediate Project area and level 
and variability of background (ambient) noise. Collect year-round, 24/7 information on 
seasonal presence of SRKW in the immediate area of the Project site using PAM 
techniques (a streaming cabled hydrophone at Port Townsend and autonomous data 
storing hydrophones moored to the seafloor, Figure 1). Efficacy and sensitivity of the 
hydrophones will be assessed by using the planned observer program detailed below and 
short playback studies at the Project site. The autonomous hydrophone will also collect 
data on level and variability of background (ambient) noise to assist in marine mammal 
noise impact assessments (e.g., calculation of radii of audibility).   

d) Describe current SRKW transit patterns through the study area. Collect new information 
on number of transits through the area using scheduled land observations, land and boat-
based volunteers and a review of PAM data. This will provide up-to-date information on 
migratory movements and complement the historical review.    

e) Describe current study area habitat use by individual pods during key seasons, and 
whether foraging occurs in the vicinity of the Project. Conduct surveys using both boat 
and land-based visual observations on group numbers, pod identification, route, and 
behavioral state during transit through the study area.   

f) Describe vertical depth distribution of observed SRKW. Opportunistically collect dive 
depth information on SRKW in the vicinity of the proposed installation site using a 
vertical hydrophone array.  Hydrophone arrays will only provide information when 
whales are actively calling or clicking, and therefore represent a sample of the overall 
dive profile of SRKW rather than a complete description. Data from the hydrophone 
arrays will be used to support Project risk analyses and the development of encounter-rate  
estimates (sensu Wilson et al 2007). 



 

4 
 

Other marine mammals and marine birds  

a) Estimate current seasonal presence of harbor porpoises and other echolocating  marine 
mammals in the immediate project area. Using PAM methods, collect year-round 24/7 
information on seasonal presence of harbor porpoises and delphinids in the immediate 
area of the Project site. 

b) Collect incidental information on marine mammal presence during boat and land 
observation studies to provide supplementary data to existing data, including 
presence/absence, relative use levels and group sizes across species in the vicinity of the 
Project site. 

c) Observe current usage of nearest haul-out (Marrowstone Island, Figure 1) by Steller sea 
lions and harbour seals. Haul-out counts are not meant to represent a systematic 
assessment of marine mammal populations, but rather are planned in order to take 
advantage of the fact that there will be a vessel in the vicinity; they are intended to 
supplement historical data (e.g., WDFW surveys, NMFS stock assessments) and results 
of other field studies (e.g., land-based observations).  

d) Observe current presence of marbled murrelet in the study area.  Collect incidental 
information on marbled murrelet (Brachyramphus marmoratus) presence in the vicinity 
of the Project site during boat-based observation studies to provide supplementary data 
regarding potential  presence in the vicinity of the Project site.  These are observations of 
opportunity and are not intended to represent a systematic assessment of marbled 
murrelet presence in the study area. 

5.2 Methods 

Two approaches will be used to address study objectives: 1) analysis of existing information, and 
2) collection of new information using passive acoustic monitoring and active monitoring. These 
approaches are described below. 

1) Review of historical information  

The SRKW historic data review portion will include:  

• An analysis of the Whale Museum’s Orca Master SRKW dataset (1990 to 2008) by Dr. 
Jason Wood to assess seasonal timing, estimated number of Admiralty Inlet transits, 
direction of travel, and pod identification (where possible). To provide best estimates of 
the number of transits per year requires an assumption on the time interval between 
sightings in Puget Sound that represent exit of the Sound followed by a new entry into the 
Sound. Dr. Wood will use a log survivorship analysis in selecting this parameter. The 
analysis will also include assessment of the impact of this assumption, as well as the 
number of sighting reports per year. 
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• A summary review of supplementary SRKW behavioral or location/route data collected 
in the immediate area by Orca Network and other key organizations (e.g., Centre for 
Whale Research, Cascadia, Beam Reach Science and Sustainability School, NOAA 
Northwest Fisheries Science Center, local whale watching companies).  

Overall, these reviews will provide an estimate of the usage of the Admiralty Inlet area by 
SRKW relative to both season and some additional factors that may be relevant (e.g., timing of 
salmonid runs) in recent years (2000-2008) and collate existing data on Admiralty Inlet transit 
route and behavior.  However, it is understood that SRKW sightings are collected 
opportunistically and do not reflect a systematic effort. Early examination of these data finds that 
they will not support detailed analyses of environmental or anthropogenic conditions within the 
study area. Therefore, Snohomish proposes to collect additional data on the use of the Project 
vicinity by SRKW and other species.  These efforts are described in Task 2.  

2) Collection of new information  

Additional information regarding habitat use by SRKW and other marine mammals in the 
vicinity of the Project site will be collected through two general methods: 1) passive acoustic 
monitoring and 2) active data collection using both boat and land-based observations. The 
Project site passive acoustic monitoring began on May 20, 2009 with the deployment of two 
autonomous hydrophones near the Project installation site by Dr. Jim Thomson of the University 
of Washington, using sea-spiders (h ttp://depts.washington.edu/nnmrec/project_meas.html., 
Figure 1). Both are scheduled to collect data for at least one year. Active field data collection 
will take place between October 1, 2009 and April 31, 2010, which includes the months during 
which SRKW are most likely to be transiting Admiralty Inlet (Osborne 1999, NOAA 2008). 

a) Passive Acoustic Monitoring 

The deployment of two autonomous hydrophones at the Project site will ensure collection of 
high frequency click train data from harbor porpoises and other delphinids, as well as potentially 
other vocal marine mammals. A third shore-based hydrophone is focused specifically on 
collecting SRKW calls. Both autonomous hydrophones require regular recovery from the 
seafloor. Two successful recovery and redeployments have been conducted, one in August 2009 
and a second in November 2009.   Data are currently under analysis.  

The following hydrophones are installed: 

• Loggerhead Digital Spectrogram Long-Term Acoustic Recorder.  This hydrophone 
provides a general recording of background (ambient) noise in audible frequencies (up to 
40 kHz).  These background noise recordings will be analyzed in 1/3 octave bands or 
other appropriate bandwidths.  In this frequency range, it may also be possible to identify 
vessel noise and low and mid-frequency marine mammal vocalizations, as well as to 
establish background noise at each stage of the tide. The frequency range should allow 
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for recording of a wide range of killer whale vocalizations (echolocation frequencies of 
12-25 kHz [Richardson et al. 1995]), however, this instrument is primarily meant to 
characterize ambient noise conditions, not SRKW transits.  Because of storage 
limitations, background noise will be recorded on a compressed 1% duty cycle, sufficient 
to obtain a representative, long-term record (Luczkovich et al. 2008).  The Loggerhead 
will record every ten minutes for seven continuous seconds.  Because SRKW calling 
typically occurs in bouts exceeding 10 minutes in duration (personal communication, Dr. 
Jason Wood, the Whale Museum), the Loggerhead may detect a subset of SRKW transits 
over the Project site. (Silent transits will not be detected with this or other acoustic 
equipment.)  However, any compressed duty cycle may limit inference abilities.   

• Chelonia C-POD/T-POD. This specialized hydrophone can detect the presence of toothed 
whales (odontocetes) that use higher frequency sound, with a focus on harbor porpoise 
(echolocation frequencies of 110-150 kHz [Richardson et al. 1995]). PODs automatically 
detect and log click trains on multiple channels (frequency settings) allowing for data 
collection of click trains from harbor porpoises, as well as from cetaceans with lower 
frequency outputs (e.g., white-sided dolphins, killer whales). The PODs will be set with 
five scans each minute targeting 130 kHz for porpoise clicks and one scan per minute 
targeting delphonid clicks at 50 kHz. PODs will be downloaded using dedicated software 
(TPOD.exe). T-POD software version 8.24 was used in the analysis. The top two 
categories assigned by the T-POD software (‘Cet hi’ and ‘Cet lo’) are considered to 
reliably represent click trains and these metrics will be used to determine porpoise 
Detection Positive Minutes (DPM) and Detection Positive Hours (DPH) per day (i.e., the 
number of minutes or hours each day in which porpoises were detected). DPM is the 
most universally used metric when carrying out T-POD analysis, especially when 
presenting the data for environmental analyses. Akamatsu et al. (2007) reported harbour 
porpoise produce click trains every 12.3 seconds on average (SD = 39.6), resulting in 
only rare instances of acoustic silence over a minute in length. The time interval between 
clicks (the inter-click interval) varies with behaviour (Koschinski et al. 2008), thus DPM 
metrics will be used firstly to assess presence-absence of porpoises. Detection distances 
have been reported in other studies as 300-400m (Koschinski et al. 2008). Surface 
observations will provide additional information on group sizes in the area and density 
estimated using additional data from NOAA stock assessments and habitat suitability 
predictions. DPM per hour will also be used to test for effects of season, time of day and 
current speed on porpoise presence. Data will also be compared from times when current 
speeds are below and above 1 m/s, as the proposed  OpenHydro turbine does not rotate at 
current speeds below 1 m/s. Current speeds were collected from a nominal hub height of 
10 m using a current monitor on the same mooring. Comparison will use two-sample 
Kolmogorov smirnov tests,as it is sensitive to differences in both location and shape of 
the empirical cumulative distribution functions of the two samples (Zar 1999). 
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Figure 1. Snohomish PUD marine mammal study area showing location of proposed pilot 
project site, the 5 nautical mile radius SRKW study area, the location of the two project 
site hydrophones (deployed by sea-spider), the location of the Port Townsend cabled 
hydrophone, the land observation site and the nearest pinniped haul-out on Marrowstone 
island.   

 
• A third hydrophone (A LabCore-40 hydrophone with (non-flat) frequency response from  

1-20 kHz and peak sensitivity around 5 kHz) was deployed by Beam Reach - Marine 
Science and Sustainability School in October, 2006 in the near-shore waters close to the 
Port Townsend Marine Science Center; this location is on the west side of Admiralty 
Inlet about 6 km west of the proposed deployment site (Figure 1). This hydrophone is the 
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primary SRKW acoustic detection method for this study.  Because this hydrophone is 
cabled to shore, it allows real-time data streaming and SRKW detection.  Custom 
software enables semi-automatic detection of killer whale calls based on sudden 
amplitude changes and tonal qualities of the sound.  This detection algorithm triggers the 
computer to record audio files.  These detection files are then uploaded to a server along 
with spectral displays of the recordings where a human operator confirms if the 
recordings were killer whale calls or false positives.  Playback testing conducted in 
November 2009 confirmed that this hydrophone will detect SRKW calls over the Project 
installation site. 
 
b) Active Monitoring 

Snohomish proposes to use a combination of land-based marine mammal observers, coordinated 
volunteer sighting networks, and boat-based observer/acoustic surveys to supplement and expand 
upon the information collected by the PAM receivers.   

 Land-based observations and voluntary sighting networks 

Snohomish proposes to undertake scheduled and fast-response, land-based observations and to 
enhance and coordinate the voluntary sighting networks in order to a) collect sightings data on 
SRKW passage through the study area, b) provide sufficient lead time to launch a fast-response, 
boat-based survey team to intercept the SRKW and track them through the study area, c) 
undertake fast-response, land-based observations of the Project site to assist in successful boat-
based surveys and collect concurrent transit data, and d) undertake fast-response, land-based 
observations of the Project site when timing or weather precludes boat-based surveys.  

To monitor SRKW transiting Admiralty Inlet, this phase of the active monitoring study will use 
several methods as described below: 

• Enhance the voluntary sightings networks, especially those co-ordinated by Orca 
Network and the Whale Museum, with a focus on Admiralty Inlet. This will require 
outreach, email drops and notification of the study to the present 3,600 member volunteer 
network, as well as to ferry skippers, recreational boaters and others. It will also require 
ensuring enhanced communication transfer, as this enhanced sightings network aims to 
provide timely notice of SRKW moving in and out of Puget Sound to allow time for fast-
response observer teams to assemble.     

• Undertake 200+ hours of scheduled land-based observations by two experienced marine 
mammal observers from the lower gun emplacements on the bluffs at Fort Casey, near 
Admiralty Head (48 09.286N, -122 40.686W, Figure 1).. A schedule of 2 hrs per day, 5 
days a week, for the first 10 weeks (focusing on good weather days, Sea State <4) 
(approximately October 1 through December 15), reduced to 2 hrs per day, 3 days a week 
for the remainder of the study period (approximately December 15, 2009 through April 
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31, 2010) is planned. The schedule aims mainly to enhance the ability to 
opportunistically detect SRKWs transiting through the project vicinity. In addition, 
observations should allow for an assessment of relative species importance across the 
period, as well as provide information on group size and use of the area. The planned 
protocol calls for ten minute period scan samples every 15 minutes (providing 8 scan 
samples, Mann 1999). High importance species (listed species/whales) will be recorded, 
even if sighted outside the sample scan period. The observation schedule will aim to 
focus on those days suitable for marine mammal sighting (i.e., Beaufort Sea State < 4), 
but also where possible aimed to collect more observations when the tide is running (i.e., 
periods when the proposed turbine may be turning). Marine mammal sightings (including 
species identification, location, time, and where possible direction of movement and 
behavior) will be recorded during scheduled observations using 7x50 binoculars (with 
internal compasses and  reticles to record the horizontal and vertical angle to sightings), 
10x50 binoculars, a spotting telescope and through the use of a tripod-mounted video 
camera to record pod (group) activity state if SRKW transits occurred on the Keystone 
side (see DeNardo et al. 2001). Observations will continue as long as SRKWs are in the 
study area. Binocular reticule values will be recorded to within 0.25 units and compass 
bearing recorded to within 1 degree for location estimation (Lerczak and Hobbs 1998).  

• Theodolite tracking was not considered appropriate for collecting data on group activity 
as it provides a very narrow field of view, ideally requires greater observation heights 
than available and importantly can only track a single animal at any one time. Yin et al. 
(2005) found close agreement between distances and bearing to whales obtained from 
binocular and theodolite fixes when measured reticles were >1. As a consequence, this 
study proposes to use boat-based follows to collect detailed transit route (tracks) and 
focal group behavior information and a complementary combination of binoculars and 
video footage with the aim of describing the activity (and general location) of the wider 
group during a Keystone side (Project site) transit. Environmental conditions (sea state, 
glare, sighting conditions, etc) were also recorded during land observation periods 
(following Laake et al. 1998). Analysis of sightings data will take into account issues of 
sighting conditions and auto-correlation. Concurrent with scheduled observations, 
approximately 10 additional Orca Network Whale Sighting Network volunteers will 
observe for SRKW from various vantage points throughout Puget Sound. Volunteer 
effort will be increased further (mainly in southern Admiralty Inlet) if a southern transit 
into Puget Sound by SRKW has been detected, increasing the chance of detecting their 
exit. If a SRKW transit through the study area is expected, two experienced marine 
mammal observers will undertake fast-response, land-based observation surveys from the  
Fort Casey observation site.  Land-based observers will use 7x50 binoculars (with 
reticule and compass embedded for location estimate), a spotting telescope and a tripod-
mounted video camera if SRKW are present (DeNardo et al. 2001).  These land-based 
observers will first coordinate (from any appropriate locations) interception of SRKW by 
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the boat-based survey team (using phones and radios), and then collect concurrent 
(simultaneous) observations of SRKW in the study area (likely from the Fort Casey 
observation site). It is expected that there will be times when there is insufficient lead 
time or a marginal weather forecast to launch a boat-based survey. In these cases, the 
land-based observers will still respond and collect transit data as detailed above. 
Observations will continue until SRKWs depart the study area.  No more than 12 
opportunities for land-based fast-response surveys are anticipated.  This number was 
chosen for purposes of budget certainty. If 12 land-based observation surveys take place, 
Snohomish will consider devoting additional resources to the effort. 

• To facilitate coordination with other SKRW research being conducted in Puget Sound, 
Orca Network will provide immediate notification of predicted SRKW transits to Dr. 
Brad Hanson of NMFS. 

 Boat-based surveys of SRKW 

Fast-response, boat-based surveys will be conducted to collect fine-scale study area habitat use 
and water depth use by SRKWs, as well as opportunistic  information on other key marine 
species. Boat-based surveys will be launched whenever the sightings network predicts a timely 
transit through the study area. Dr. Jason Wood of the Whale Museum has performed a 
preliminary analysis of SRKW Orca Master database and estimated that approximately 14-19 
transits by SRKW into Puget Sound have occurred each year since 2000, thus passing the study 
area 28-38 times. (The effort assumed that sightings that are separated by more than four days 
are evidence of separate movements into Puget Sound.)  Snohomish estimates that a minimum of 
seven suitable opportunities for boat-based follows will occur in daylight hours during the study 
timeline.  

While the precise survey boat used will depend on where the whales are first observed and who 
is best equipped to launch with short notice, the survey boat will contain at least 3 crew members 
and will depart from either (a) Port Townsend (Port Townsend Marine Science Center/Erick 
Peirson), (b) Whidbey Island (Orca Network/SMRU Ltd crew) or (c) Friday Harbor (The Whale 
Museum/Jason Wood). All boats will follow ‘be whale wise’ guidelines (see 
http://www.nwr.noaa.gov/Marine-Mammals/upload/BeWhaleWise.pdf).  

The crew performing the boat-based SRKW surveys will collect data on a focal group of 
animals.  The data collection protocol aims to prioritize collecting data on the group that is 
closest to the proposed pilot site. During these focal follows instantaneous scan samples will be 
made every 5 minutes, or whenever the focal group changes behavioral state (Altman 1974).  
During scan samples a GPS waypoint will be taken and the bearing, distance, pod identification, 
and behavioral state data will be recorded.  The following behavioral states will be used; 
foraging, travelling, resting, and socializing (based on the Southern Resident Killer Whale 
Behavior Workshop report 2004, Ford et al. 2000, Ford 1989, and with additional input from 
regional experts). Data record sheets provide the ability to describe the primary behavioural state  
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of a focal group, as well as additional headings for secondary behavioural states to be recorded 
(to allow for intermediate states), as well as general pod activity. GPS waypoints, distance and 
bearing measures will be used to calculate SRKW focal group transit routes in ArcGIS 9.3.1. 
Behavioral data will be used to calculate behavioral budgets during transits of the study area. 

When SRKW are near their closest point to the Project site, the crew will deploy a vertical 
hydrophone array (similar to that used by Holt et al. 2009) to collect data on water depth usage. 
The hydrophone array (Lab-Core Systems, Olympia, WA) consists of four hydrophones spaced 
10 m apart and will be deployed such that the shallowest hydrophone is 10 meters deep (similar 
to array depicted in Figure 2). The hydrophone array will be connected to two Sound Devices 
702 solid state recorders that are daisy chained together to ensure sub-sample synchronization. 
Recordings will be checked visually with spectrographic displays and aurally by listening to 
identify echolocation clicks and calls.  These will be used to calculate metrics such as calling 
rates and percent of time calling. Calling rates will be calculated as calls/unit of time and 
calls/unit of time/estimated number of whales within acoustic range. Given the large potential 
acoustic range of the array, the number of whales will be estimated based on the known numbers 
within each individual pod or sub-pod (identified to be in the study area during the survey). 
Depth of caller will be calculated using Ishmael sound analysis software utilizing hyperbolic 
localization techniques (Holt et al. 2009).  The array configuration and analysis techniques are 
expected to produce depth measurements with accuracies +- 5 meters while whales are in the 
horizontal range 100 to ~500 meters.   

Each of these efforts will be conducted in accordance with Be Whale Wise guideline.  During 
focal follows the boat will keep more than 100 meters from the side of the focal group of whales.  
For hydrophone deployments the vessel will move ahead and to the side of the path of the whales 
in an attempt to ensure that the closest point of approach is beyond 100 meters.  Boats will not 
need to park in the path of the whales because the recordings will be used for depth 
measurements (which do not require on-axis recordings), not source levels (as Holt et al. [2009] 
aimed to collect).  While deploying the vertical array the boat observers will be at their greatest 
distance from the focal group, but a dedicated observer will still be able to estimate distance, 
bearing, and behavior of the focal group using 7 X 50 binoculars.  Because this work is in 
compliance with current guidelines and does not require close approach or path-intercepts of 
SRKW, Snohomish believes that a scientific research permit is not required. 
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Figure 2. Vertical deployment of the hydrophone array (not to scale). A=boat, B=outrigger, 
C=2 m bungee cord, D=hydrophone array and E=30 lb weight. 

 Boat-based observations of other marine mammals and marine birds of concern  

During each boat-based SRKW survey that occurs, boat-based observers will also 1) conduct a 
haul-out count of Steller sea lions and harbour seals at Marrowstone Island (Latitude 48 04.69, 
Longitude 122 41.11) and 2) perform a single-track sighting survey through the study site area to 
count marbled murrelets and to collect incidental marine mammal sightings.  

Counts at haul-outs will be made with 7 x 50 binoculars from a stationary boat, after a slow 
approach to no closer than 200 m to the haul-out. For boat sighting surveys, seven random routes 
will be generated to pass through the Project site (using ArcGIS). Boat speed will be maintained 
at 8 knots, with two trained marine mammal observers located on the bow scanning bow to port 
90 degrees and bow to starboard 90 degrees to a range of 300 m using visual scans and 
reticule/compass embedded 7 x 50 binoculars. A GPS will be used to determine start and end 
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locations and used to ‘mark’ the boat location of each sighting. At minimum, species, group 
number, bearing and distance will be recorded. The survey will go ‘off effort’ if SRKW are 
spotted and a focal follow will begin instead. 

7.0 Reporting 

The historic data review and the results of all field efforts will be included in Snohomish’s FPLA 
or in supplemental reporting, depending on FPLA filing date as determined by FERC.  Analysis, 
interpretation and reporting of boat-based and land-based studies (including vertical hydrophone 
array and video footage) will be led by SMRU Ltd in collaboration with the Whale Museum, 
Beam Reach and Orca Network. Reporting will also include coordinating with Dr. Jim Thomson 
of the University of Washington to use confirmed SRKW transits to validate the sensitivity of 
the long-term acoustic monitoring by the autonomous hydrophones mounted on the sea floor. 
Reports for the on-site PAM monitoring will be provided by Dr. Jim Thomson and collaborators.  
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May 26,2009 

VIA ELECTRONIC FILING 

Kimberly D. Bose, Secretary 
Federal Energy Regulatory Commission 
888 First Street NE 
Washington, D.C. 20426 

Re: Admiralty Inlet Tidal Energy Project, FERC No. P-12690 
Letter to Stakeholders Regarding Revised Pre-Installation Study Plans 

Interested Stakeholders, 

Thank you for participating in early consultation for Snohomish Public Utility District's 
Admiralty Inlet Tidal Project, FERC Project No. 12690. Enclosed please find revised pre- 
installation study plans describing work the District expects to conduct in 2009 and 2010. Field 
efforts for these studies began with a 4-day survey cruise in early April 2009, during which time 
University of Washington researchers and District contractors collected on-site data on fish 
assemblages, water quality, tidal currents, and ambient underwater noise. In addition, a remotely 
operated vehicle was deployed, collecting video and still imagery of the project installation site, 
which is situated approximately 1 km west-southwest of Admiralty Head, in waters 
approximately 60m deep. 

On November 3,2008, the District issued initial drafts of its Underwater Noise and Water 
Quality study plans to Project stakeholders. On February 6,2009, revised versions of these plans 
were distributed, along with initial drafts of an Aquatic Species study plan and a Geophysical 
and Bathymetric study plan. 

The following agencies and tribes provided comments on the draft pre-installation study plans: 

Washington Department of Fish and Wildlife, November 6,2008; 
Skagit River System Cooperative, January 27,2009; 
Tulalip Tribes, March 1, 2009; 
Washington Department of Natural Resources, March 6,2009; 
Suquamish Tribe, March 8,2009; 
National Marine Fisheries Service, March 9,2009; 
Washington Department of Ecology, March 9,2009; 
US Fish and Wildlife Service, March 10,2009; 
National Marine Fisheries Service - Northwest Fisheries Science Center, April 16,2009. 

In addition, Washington Department of Fish and Wildlife provided general comments on the 
District's proposed approaches in a letter dated November 25,2008. 

2320 California Street Everett, WA 98201 /Mailing Address: P.O. Box 1 107 Everett, WA 98206-1 107 
425-783-1 000 Toll-free in Western Washington at 1-877-783- 1000 www.snopud.com 
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The District appreciates this stakeholder input into pre-installation studies for the Admiralty Inlet 
Tidal Project, and has substantially modified the study plans in an effort to be responsive to 
comments. These changes include the following: 

A fourth survey cruise will be conducted in winter 2009-201 0, to more fully describe 
seasonal resource conditions and habitat use; 
The District will deploy an acoustic receiver within the proposed installation site so as to 
detect use of the site by acoustically-tagged fish (primarily salmon, but also rockfish, 
green sturgeon and other species), including those tagged by NOAA and by researchers 
affiliated with the Pacific Ocean Shelf Tracking (POST) project. 
The District will pursue data-sharing arrangements with the POST project, with emphasis 
on the recently-installed linear array of acoustic receivers in Admiralty Inlet; 
Additionally, while not feasible for a pre-installation study (power supply, data 
storageltransfer, and other limitations), the District expects permanently mounted 
acoustic andlor video imagery capability to play a key role in its post-installation 
monitoring program. 
Two types of passive acoustic monitoring hydrophones will be deployed for a period of 1 
year: 

o a Loggerhead Digital Spectrogram Long-Term Acoustic Recorder - to detect 
sounds having frequencies up to 40 kHz, allowing for recording killer whale 
vocalizations (frequencies of 12-25 kHz) as well as ambient noise levels and 

o a Chelonia C-POD - to detect presence of odontocetes that use higher frequency 
sound, with a focus on harbor porpoise (echolocation clicks of 110-150 kHz). 

To supplement passive acoustic monitoring for marine mammals, the District will 
conduct land-based marine mammal observations to further assess marine mammal usage 
of the Project vicinity. Observations will be concentrated during the expected higher-use 
period of October-April; 
The District added text to the Water Quality study plan summarizing University of 
Washington hydrodynamic modeling efforts that examined the potential for far-field 
effects of the Admiralty Inlet Pilot Tidal Project; 
The District expanded descriptions of linkage and overlap between studies. For example, 
biological data required for the Aquatic Species study but collected during 
implementation of the Geophysical and Bathymetric study are now described in both 
study plans. 
The District will conduct a diver survey of the nearshore cable route, once identified, to 
described eelgrass and macroalgae distributions potentially affected by cable placement. 

Where the revised study plans indicate a study commitment by the District, but do not yet 
include detailed methods (e.g., for marine mammal observations), the District intends to issue 
technical memoranda outlining methods as those details are developed. 

As discussed during consultation, the District's studies are designed to characterize the 
Project site, and are not structured to directly evaluate potential project effects through a 
"Before-After-Control-Impact" (BACI) study design. Rigorous BACI study design 
requires multiple sample replicates in space and time. Statistical power for such an effort 
is determined by sample variance; because marine systems are subject to high variance 
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over different time scales and site conditions, statistically valid comparisons at the 
Project would at minimum require several years of pre-installation studies, and in many 
instances are likely infeasible. 

As a result, the District's efforts are focused on pre-installation studies that broadly characterize 
the Project site, available habitats, and existing conditions. The District believes that 
environmental analyses required to meet its state and federal permitting obligations will be fully 
supported by the revised study plans, in combination with existing biological resource 
information, the District's hydrodynamic modeling and tidal current profiling efforts, 
descriptions of proposed Project operations, and the preparation of detailed Project safeguard and 
monitoring plans. 

The District is currently preparing early drafts of its monitoring and related plans for the Project. 
These include: 

Environmental Monitoring Plan; 
Operations and Maintenance Plan; 
Navigation and Safety Plan; 
Emergency Shutdown and Removal Plan. 

Required components of these plans are outlined in FERC's white paper on the pilot licensing 
process for hydrokinetic projects, dated April 18,2008. The District looks forward to working 
with each of you in further developing and refining these plans. Thank you very much for your 
engagement and participation in the Project so far. 

Craig W. Collar, P.E. 
Senior Manager, Energy Resource Development 
Snohomish County PUD No. 1 

Enclosures 



 

ADMIRALTY INLET PILOT TIDAL PROJECT 

AQUATIC SPECIES STUDY PLAN  
 

1.0 Description of Issue 
 

Snohomish Public Utility District No. 1 (the District) is engaged in FERC 

licensing of the Admiralty Inlet Pilot Tidal Project (the Project) in Puget Sound, 

Washington.  The Project involves installation of 1-3 tidal in-stream energy 

conversion (TISEC) devices in Admiralty Inlet, as well as placement of a 

transmission cable to shore.  Any potentially adverse effect of the Project on 

aquatic species is of concern to the District.  It is the District’s intent to 1) 

characterize the existing environment, including aquatic species, within the 

Project vicinity; 2) evaluate the potential for the Project to substantively impact 

existing resources; and 3) engage in detailed post-installation monitoring of the 

Project to observe and assess any such impacts.  This study supports the first of 

these intended goals. 

 

2.0    Project Effects  
 

This study does not directly address the potential effects of the Admiralty Inlet 

Pilot Tidal Project on fish or other aquatic resources.  Data collection and 

analyses to describe the effects of the Project on aquatic species will occur during 

the operational phase of the Project.  Post-installation monitoring methods and 

plans will be prepared in consultation with Project stakeholders and included with 

the draft Pilot License Application for the Project.   

 

It is expected that the installed Project will have the potential to affect aquatic 

species near each unit, or along the cable routing required for energy 

transmission.  Potential effects associated with the installation and operation of 

the TISEC devices include 1) attraction or repulsion of fishes, marine mammals, 

or other aquatic organisms; 2) injury and/or death of aquatic species caused by 

impact with rotating turbine blades; and 3) alteration of the seafloor substrate 

and/or local habitats within the immediate Project vicinity. 
 

3.0    Relevant Existing Information  
 

A summary of existing, relevant and reasonably available information regarding 

aquatic resources in Admiralty Inlet is found in Section 4 of the District’s Puget 

Sound In-Stream Tidal Power Project Pre-Application Document (Snohomish 

PUD 2008).   
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4.0    Need for Additional Information  
 

No site-specific efforts describing local distributions of aquatic organisms within 

the Project site are known to exist.  These distributions are expected to change 

substantially between years due to natural variation in species behavior, climate, 

prey availability, and numerous other factors.  As a result, the development of 

population estimates sufficient to support reliable pre- and post-installation 

comparisons of aquatic species populations is well beyond the scope of efforts 

described in this study plan.  Nevertheless, the District agrees with Project 

stakeholders that descriptive information on the density, depth distribution and 

behavior of key aquatic organisms, as well as information on substrate and local 

habitat in the immediate project vicinity, is needed to support an environmental 

assessment of the Project.   

 

5.0 Study Plan 

 
5.1 Study Objectives   

 

The objectives of the study are to:  

 

• provide initial description of fish aggregations, if any, in the proposed 

turbine array location prior to the installation of TISEC devices; 

• track movement through the project area of species having acoustic tags, 

such as green sturgeon, salmon, and rockfish; 

• supplement existing information on marine mammal presence and use of 

the Project vicinity ; 

• review videography collected during Geophysical and Bathymetric Study 

for visible marine life and habitats;  

• and communicate these findings to project stakeholders and support the 

District’s FERC Pilot License Application. 

The Aquatic Species Study is complemented by a separately described 

Geophysical and Bathymetric Study, much of which will help characterize the 

aquatic community in the Project site.   The Geophysical and Bathymetric Study 

includes data collection efforts that are expected to provide the following: 

 

• Detailed bathymetry of the study area and cable route (multibeam 

echosounder [MBES] bathymetric sonar/sidescan sonar backscatter 

imaging); 

• Characterization of eelgrass and marine macroalgae distributions (MBES 

sonar/sidescan sonar backscatter imaging over the cable route, and diver 

survey in the nearshore area of the cable route); 
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• Substrate characterizations sufficient to describe habitat suitability for 

Dungeness crab, rockfish, and geoduck in the study area and cable route 

(using MBES sonar/sidescan sonar backscatter imaging); and  

• ROV video sampling of the cable route - ROV videography will be 

conducted in the turbine deployment site and the proposed cable route.  

This method will complement the sonar evaluation to help determine the 

presence of eelgrass and macroalgae and, in conjunction with the grab 

samples, allow for evaluating habitat suitability for Dungeness crab, 

rockfish, and geoduck in the study area and cable route.  In addition, the 

video will be reviewed to document any other visible marine life (e.g., fish 

and other invertebrates). 

  

Additional information on methods and scope for this effort is contained within 

the Geophysical and Bathymetric Study Plan. 

 

5.2 Study Area  

 

The District plans to deploy TISEC devices in the vicinity of a centerpoint at the 

following coordinates: 48°9'13"N, 122°41'19"W.  The study area consists of an 

approximately 1 km by 1 km area around this centerpoint.  This area will be 

included in vessel-mounted sonar surveys detailed below.  In addition, a 

transmission cable route from the TISEC devices to the Admiralty Head area will 

be evaluated as part of a separate but complementary Geophysical and 

Bathymetric Study (Figure 1). 
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Figure 1.  TISEC pilot plant and cable route study areas.

 1
 

 

5.3 Study Methods 

 

Below are methods for the following components of the Aquatic Species Study Plan: 

• Hydroacoustic fish assessment; 

• Tagged fish assessment; 

• Marine mammal passive acoustic monitoring; and 

• Marine mammal visual observations. 

 

5.3.1 Hydroacoustic Fish Assessment 

 

5.3.1.1 Data collection 

 

Vessel-mounted split beam hydroacoustic sonar will be used to document fish 

distribution, density and schooling characteristics in a study area consisting of a 

1.5 square kilometer region centered about the coordinates [48°, 8’, 56.76” N] by 

[122°, 41’, 24.06” W], which represents the pilot project location. 

                                                 
1
 The exact cable route is still subject to change, however the study plan will remain the same regardless of 

any subsequent changes to the cable route. 
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The vessel will travel at approximately 6 knots and the sonar will collect up to 5 

samples per second.  At 50 m depth, the width of the sonar beam would be 5 m 

based on a 6° acoustic beam.  Surveys will occur during daytime and nighttime 

hours and around slack tide conditions (either high or low tide) and maximum 

current conditions (ebb or flood).  Surveys will also be scheduled at different 

lunar cycles.  The April 2009 survey will be considered the Spring sample.  

Additional surveys scheduled during Summer, Fall, and Winter will address 

seasonal variations.  By scheduling these additional surveys at lunar cycle 

conditions similar to those of the April survey, lunar cycle variability will be 

fixed. 

 

A single survey consists of 4 sub-surveys over the study footprint.  The first and 

third sub-survey grids have 5 legs running northwest/southeast with 4 

interconnecting legs, representing a total linear length of 8,500 m.  The first 

survey transect pattern is shown below.  With a boat speed of 6 knots or 3 m/s, it 

should take approximately 47 minutes to complete each sub-survey.  The second 

and fourth sub-surveys are completed in the same footprint, and have the primary 

legs running northeast/southwest.  These surveys will take approximately 47 

minutes each to complete.  Sub-surveys 3 and 4 are offset to the northwest by 125 

m.  The resulting 4 grids will cover the region around the proposed turbine site 

with a 125-m resolution survey grid (Figure 2). 

 
Figure 2.  Hydroacoustic fish assessment sampling grid. 
Source: Brian Polagye and the Northwest National Marine Renewable Energy Center 

 

Accounting for time associated with slowing down for turns, adjusting boat track 

to compensate for current, ensuring that data logging is complete, and projected 

tides, it is anticipated that each sub-survey will take approximately 3 hours and 20 

minutes.  The following is an example of the sampling schedule for the April 6 

survey: 
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Sub-survey 1: Start at 13:00, complete at 16:20 [Daytime, slack current] 

Sub-survey 2: Start at 16:30, complete at 19:50 [Daytime, high velocity] 

Sub-survey 3: Start at 20:00, complete at 23:20 [Nighttime, slack current] 

Sub-survey 4: Start at 23:30, complete at 02:50 [Nighttime, high velocity] 

 

Figure 3 indicates start and end times for each sub-survey with red vertical lines.  

The red lines enclose black lines, which roughly correspond to the times of 

minimum or maximum current velocity.  Day and night times are indicated by 

light and dark shading in the figure.  Due to the time required to complete a sub-

survey, some change in current patterns within sub-survey is inevitable. 

  

 
Figure 3.  Example of timing of hydroacoustic fish assessment surveys.  

 

The research vessel will have a modern navigational/charting package providing 

the capability to overlay the transect lines on the navigational chart.  This will 

allow for maintaining the boat on the pre-programmed transect lines.  All 

hydroacoustic target data will be time stamped and have a GPS position. 

 

Macroalgae and eelgrass are not believed to occur at the turbine installation 

location because the depth (about 50 meters) exceeds the maximum tolerated 

depth in Puget Sound.  However, hydroacoustic data will be also used to 
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document the distribution and relative abundance of marine macroalgae and 

eelgrass along the cable route within all water depths accessible by boat.    This is 

further discussed in the Geophysical and Bathymetric Study.   

 

Marine mammals such as seals or sea lions will be recorded if they are observed 

on the surface by the survey crew.  Surface sightings will be described to species 

if possible. 

 

5.3.1.2 Survey Timing and Duration 

 

The hydroacoustic survey will be conducted during three periods in 2009 and one 

period in early 2010, as follows:   

 

• April 2009 - The first survey was conducted on April 6, 2009.   

• August 2010 - The second survey will occur during early August, a period 

when the greatest numbers of adult Chinook salmon are likely to be 

migrating through Admiralty Inlet (S. Thiesfeld, WDFW, pers. comm.; 

analysis of Area 9 sport catch records, 1967-2007).  Summer run chum 

salmon likely migrate through the area in mid-August, although their 

abundance is small.  Pink salmon, which are abundant in odd-numbered 

years, would be most numerous in August.   

• November 2010 - The third survey will occur during early November, a 

period when fall chum salmon are likely to be present in Admiralty Inlet.  

Southern resident killer whales could be present and sea lions begin to 

arrive during this period as well.  

• January/February 2010 – A fourth supplemental survey will occur in late 

January to early February to account for changes in species assemblages 

that may occur in winter.  Because the FERC pilot license application will 

be filed at the end of 2009, the results of the winter survey will not be 

included in the application, though results will be summarized and sent to 

stakeholders and FERC in March 2010. 

 

• Each hydroacoustic survey is expected to take up to three field days (transit, 

setup, data collection).  As discussed in the previous section, the mobile survey 

effort will occur during both daytime and nighttime in order to capture diel shifts 

in the distribution and abundance of fishes.   
 

5.3.1.3 Data Analysis  

 

Within the beam, size categories of fishes will be determined based on the 

hydroacoustic size of the fish echoes.  Resolution of fishes by size categories 

should allow separation of herring-size fish from larger species, such as 

rockfishes and salmon.  Species will not be identified, but past experience by the 

survey team and knowledge of species likely to be present in the area will be used 

to qualitatively describe characteristics of dominant species in the sample.  

Characteristics of fishes located at the depths of the TISEC devices (e.g., density 
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by size category; dispersed vs. aggregated groups, vertical and horizontal 

distribution within the survey area) will be described.   

   

Hydroacoustic data will be evaluated to determine the distribution and relative 

abundance of marine macroalgae and eelgrass along the cable route.  Results will 

be evaluated in conjunction with the MBES sonar/sidescan sonar backscatter 

imaging and the ROV videography, which are described in the Geophysical and 

Bathymetry Study.  As discussed in that study plan, collected data on macroalgae 

and eelgrass will be displayed in a GIS format. 

 

5.3.2 Tagged Fish Assessment 

 

5.3.2.1 Data collection 

 

In order to help describe fish use of the Project area, the District will coordinate 

with NOAA and staff from the Pacific Ocean Shelf Tracking (POST) Project to 

detect the presence and location of tagged fish at the Project site.  Targeted 

species will include green sturgeon, Pacific salmon, and rockfish, though a 

number of other species are tagged and could be detected in the event they swim 

through the Project area.  This assessment includes two components: 

 

• The District will deploy an acoustic receiver within the proposed 

installation site so as to detect use of the site by acoustically-tagged fish, 

including those tagged by NOAA and by researchers affiliated with the 

POST project.   

 

• The District will pursue data-sharing arrangements with the POST project, 

with emphasis on the recently-installed linear array of acoustic receivers in 

Admiralty Inlet.  POST is a non-profit organization that facilitates the 

development and coordination of a large-scale acoustic telemetry network 

along the West Coast.  The POST array presently consists of a series of 

lines of acoustic receivers anchored from shore to continental-shelf edge, 

in a region spanning over 3,000 km from Prince William Sound, Alaska to 

Point Reyes, California.  

   

5.3.2.2 Survey Timing and Duration 

 

The acoustic receiver will be deployed in the Project area in before the end of 

2009, for a period of at least one year. 
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5.3.2.3 Data Analysis  

 

Collected data will be used to develop species use matrices by habitat, season, and 

water depth. Initial results will be distributed to project stakeholders and used to 

inform the District's monitoring program.  

  

5.3.3 Marine Mammal Passive Acoustic Monitoring 

 

5.3.3.1 Data collection 

 

The District will test and implement methods to conduct passive acoustic 

monitoring to record use of the Project area by marine mammals.  A Digital 

Spectrogram Long-Term Acoustic Recorder (hydrophone) by Loggerhead 

Instruments will be deployed at the Project site.  Sampling will occur at 

approximately 80 kHz on a 10 percent duty cycle (i.e., burst recording 1 of every 

10 minutes - a "stagger"  feature that compresses the raw data by only storing the 

first 410 of every 4,096 points).  Sampling at this frequency allows for detection 

of sounds having frequencies up to 40 kHz.   This is expected to allow for capture 

of killer whale vocalizations (frequencies of 12-25 kHz) as well as detailed 

characterization of ambient noise levels (Richardson et al. 1995).   

 

To detect harbor porpoise (echolocation clicks of 110-150 kHz [Richardson et al. 

1995]) and other dolphin species having impulsive frequencies outside the 

detection range of the Loggerhead equipment as configured, the District will also 

install a Chelonia C-POD receiver at the Project site. The C-POD is a fully 

automated monitoring system that detects porpoises, dolphins, and other toothed 

whales by recognizing the trains of echolocation clicks they make to detect prey, 

orient, and interact. The data are automatically filtered to remove clicks from 

erroneous noise such as sonar equipment.   

 

In addition to these efforts, the Underwater Noise Study Plan details a separate 

study by the District that includes mobile hydrophone high bandwidth (25 - 200 

kHz) sampling throughout the water column, and the development of a sound 

library of existing conditions at the Project site.  A summary of the capabilities of 

the different acoustic recorders is presented in Table 1.   
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Table 1.  Summary of capabilities for acoustic recorders 

 

Device 
Frequency of data 

collection 

Hydrophone or 

detection system 
Sampling 

Mobile hydrophone 20 Hz – 200 kHz Hydrophone 

Four cruise outings 

& a minimum of 

21 samples per 

outing 

Loggerhead 1-40 kHz Hydrophone 

6 second stutter 

spread across 1 of 

every 10 minutes 

C-POD 

Tuned to collect 

high frequency 

cetacean 

echolocation clicks 

Detection system 
Automatic for 1 

year 

 

5.3.3.2 Survey Timing and Duration 

 

Instruments will be deployed by August 2009 and are expected to be installed for 

a period of at least one year.   

 

5.3.3.3 Data Analysis  

 

Collected data will be analyzed to identify presence and species of marine 

mammals and to evaluate habitat use.  Initial results of the passive acoustic 

monitoring study will be distributed to project stakeholders and used to inform the 

District's monitoring program.  

 

5.3.4 Marine Mammal Visual Observations 

 

To supplement the marine mammal passive acoustic monitoring, the District will 

conduct marine mammal observations to further assess marine mammal usage of 

Admiralty Inlet. The District will coordinate this effort through the ORCA 

Network or other provider of experienced marine mammal observers. It is 

expected that observations will be land-based, with observers stationed in the 

vicinity of Fort Casey State Park. The observations will occur from at least 

October 2009 - April 2010, when marine mammal observations are expected to be 

most substantial.   

 

5.4 Reporting 

 

The results of a majority of the data collected in 2009 will be made available 

within the District’s Draft Pilot License Application, which will be filed in 

December 2009.  The reporting will describe study scope, methods, equipment 

used, and the collected data in tables and figures.    Results of the supplemental 

winter sampling (January/February 2010) will not be included in the Draft Pilot 

License Application, though results of this as well as a summary of cetacean 
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monitoring will be summarized and provided to stakeholders as a separate 

technical memorandum. 

 

5.5  Schedule  

   

Planning ................................................................................ February– March 2009 

Field Work .......................................................................... April – November 2009 

Data QA/QC & Analysis ...................................................... May – December 2009 

Report Preparation and Draft License Application Filing ............... December 2009 

Supplemental Winter Field Work .........................................January/February 2010 

Summary Report of Supplemental Winter Field Work ......................... March 2010 
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ADMIRALTY INLET PILOT TIDAL PROJECT 

GEOPHYSICAL AND BATHYMETRIC  

STUDY PLAN  
 

 

1.0 Description of Issue 
 

Snohomish Public Utility District No. 1 (the District) is engaged in FERC 

licensing of the Admiralty Inlet Pilot Tidal Project (the Project) in Puget Sound, 

Washington.  The Project involves installation of 1-3 tidal in-stream energy 

conversion (TISEC) devices in Admiralty Inlet, as well as placement of a 

transmission cable to shore.  Any potentially adverse effect of the Project on 

aquatic species is of concern to the District.  It is the District’s intent to 1) 

characterize the existing environment, including geophysical conditions, within 

the Project vicinity; 2) evaluate the potential for the Project to substantively 

impact existing resources; and 3) engage in detailed post-installation monitoring 

of the Project to observe and assess any such impacts.  This study supports the 

first of these intended goals. 

 

2.0    Project Effects  
 

This study does not directly address the potential effects of the Project on benthic 

or other marine resources.  Data collection and analyses to examine effects of the 

turbines and their foundations on marine organisms and the seabed will be 

accomplished during the operational phase of the Project.  Post-installation 

monitoring methods and plans will be prepared in consultation with Project 

stakeholders and included with the draft Pilot License Application for the Project.   

 

It is expected that the installed Project will affect the seafloor near each unit, and 

along the cable route required for energy transmission.  Potential effects 

associated with the installation and operation of the Project may include: 

 

• Disturbance of bottom sediments and environment by tidal turbine and/or 

shore cable installation; 

• Local sediment redistribution during system operation; 

• Alteration of the seafloor substrate and local habitats; and 

• Attraction of marine benthic species to the turbine footings/foundations. 
 

3.0    Relevant Existing Information  
 

A summary of existing information regarding bathymetry in the vicinity the 

Project is found in Section 2 of the District’s Puget Sound In-Stream Tidal Power 

Project Pre-Application Document.  Additional information on local geology and 
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the shaping of the region is provided in Washington State Department of Ecology 

Water Supply Bulletin Nos. 54 and 59.  

 

This draft survey plan has been developed in conformity with the 

recommendations of the Washington State Seafloor Mapping Workshop held in 

Seattle January 22-23, 2008 (see Attachment I, Executive Summary of the 

workshop; Hennessey et al., 2008). One of the major recommendations of this 

workshop was to develop an integrated mapping program, including specifically 

the collection of data required to evaluate the potential for renewable ocean 

energy projects.  In addition, this Study Plan is in accord with actions requested 

by the West Coast Governor’s Agreement on Ocean Health and Washington’s 

Ocean Action Plan, which include mapping of the sea floor for habitat 

characterization.  

 

4.0    Need for Additional Information  
 

Project siting and planning efforts require a description of substrate characteristics 

in the Project vicinity, including the area immediately surrounding the turbines 

and the cable route.  In addition, information on substrate and local habitat in the 

immediate project vicinity is needed to support an environmental assessment of 

the Project.  Project stakeholders have expressed a particular need for information 

on local habitat suitability for Dungeness crab, rockfish, and geoduck. 

   

Federal and Washington State stakeholders, led by the U.S. Geological Survey, 

have defined the need to develop a coordinated mapping program for the seafloors 

of Washington, including the outer coast, Strait of Juan de Fuca, and Puget Sound 

regions. The mapping project’s purpose is to provide habitat, geology and other 

thematic maps to Tribes, stakeholders, and managers of marine resources, policy 

makers and the public. A preliminary gap analysis of existing data coverage has 

been developed by the USGS and made available in a draft Strategic Plan for a 

Washington State Seafloor Mapping Program dated November 2008; mapping 

data sufficient to support Project planning and environmental assessment needs 

are not available.  

 

Specific data required in support of Project siting, installation, and environmental 

assessment include: 

 

• Accurate, precisely geolocated bathymetry; 

• Bottom characteristics; 

o Slope 

o Roughness 

o Sediment size, cover and transport 

• Geologic hazards (e.g., faults, undersea mass movement); 

• Habitat descriptions; and 

• Location and definition of erratics, wrecks, other obstructions. 
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5.0 Final Study Plan 

 
5.1 Study Plan Objectives   

 

The objectives of this study are:  

 

• Collect bathymetry data using a vessel-mounted high resolution; 

Multibeam Echosounder (MBES) bathymetric sonar;  

• Obtain side-scan imagery to define specific bottom features, obstructions 

and characteristics and to precisely locate proposed equipment installation 

sites; 

• Conduct seismic sub-bottom profiling as needed to define sediment 

thickness and seismic risk; 

• Collect seabed grab samples, as feasible, to measure sediment grain size 

and evaluate for sediment contamination. Grab samples will not be 

conducted in areas having scoured/armored seabed, or otherwise without 

sediment;  

• Conduct ROV operations to obtain seafloor video/photography in the near 

field to proposed installation sites (within 50 m of estimated locations); 

• Characterize the benthic habitat at the project sites and cable route (e.g., 

sediment characteristics, presence/absence of eelgrass and macroalgae); 

and 

• Communicate findings to project stakeholders and support the District’s 

FERC Pilot License Application. 

 

5.2 Study Area 

 

The District plans to deploy TISEC devices in the vicinity of a centerpoint at the 

following coordinates: 48°9'13"N, 122°41'19"W.  The study area consists of 1) an 

approximately 1 km
2
 area around this centerpoint, and 2) a transmission cable 

route from the TISEC devices to the Admiralty Head area (Figure 1). 
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 Figure 1.  TISEC pilot plant and cable route study areas.

 1
 

 (source: NOAA data processed by Northwest Marine Renewable Energy Center) 

 

 5.3 Survey Procedures and Data Presentation 

 

The District will conduct detailed bathymetric mapping of the proposed turbine 

installation site and cable route using hull-mounted, high-resolution Multibeam 

Echosounder (MBES) sonar gear to obtain precise bottom depths. Sidescan sonar 

backscatter imaging will also be used to provide more detailed visualization of 

specific bottom features. Physical bottom sampling, videography of benthic 

environments, or sub-bottom geophysical survey requirements will be conducted 

following completion of the bathymetric surveys.  

 

The bathymetric surveys will each encompass a 1 km by 1 km
 
area centered on 

the proposed pilot turbine locations.  The vessel will travel at approximately 10 

knots during survey operations, slightly slower for towed (side-scan) data 

collection.  At 50 m depth, the width of the hull-mounted sonar beam on the 

                                                 
1
 The exact cable route is subject to change, however the study plan will remain the same regardless of any 

subsequent changes to the cable route. 
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seafloor will be approximately 500 m based on a nominal 200° swath width.  

Three parallel survey lines will be run, with adequate spacing to allow for 

efficient data collection with a substantial swath overlap.  An additional survey 

line will follow the proposed cable route from the 1 km
2
 survey area as far 

shoreward as can be safely done.  Typical sonar pulse rate is 40 Hz, at an 

operating frequency of 300 kHz. The system software will compensate for vessel 

heave, roll and pitch and ray-bending as well as time-correlation of the 

bathymetric data with positional information.  Seafloor mapping information will 

include seabed geomorphology (relief via digital elevation model) and texture 

(sediment/substrate type).  

 

Macroalgae and eelgrass are not expected to occur at the turbine installation 

location, because the depth well exceeds the maximum tolerated depth in Puget 

Sound.  However, the cable route extends from the turbine to shore, and the 

District will evaluate benthic habitat resources along the cable route, with 

particular focus on eelgrass, macroalgae, and shellfish, using the following 

methods: 

 

• MBES sonar/sidescan sonar backscatter imaging - As discussed above, 

bathymetric mapping using MBES sonar and, as necessary, sidescan sonar 

backscatter imaging, will be used to detect eelgrass and macroalgae presence; 

• Split beam sonar - hydroacoustic data used to document fish in the project 

area (see Aquatic Species Study Plan), will be also used to document the 

distribution and relative abundance of marine macroalgae and eelgrass along 

the cable route within all water depths accessible by boat.     

• ROV videography – ROV operations to obtain seafloor video/photography of 

the seabed will be evaluated with particular focus on identifying eelgrass, 

macroalgae, shellfish, and other visible marine life.  Because of limitations of 

vessel-mounted sonar in near-shore areas, the ROV videography will allow 

evaluation of the seafloor in the nearshore area of the cable route.   

• Diver survey – A diver survey will be conducted to characterize eelgrass and 

macroalgae distributions along the nearshore areas of the proposed cable 

route. The survey will follow 2008 WDFW Eelgrass/Macroalgae Habitat 

Interim Survey Guidelines, unless otherwise directed.   

 

ROV videography will also be conducted as possible within in the turbine 

deployment site.  This method will complement sonar evaluations to allow for an 

evaluation of habitat suitability for Dungeness crab, rockfish, geoduck, and other 

species of interest in the study area.  In addition, the video will be reviewed to 

document other visible marine life (e.g., fish and invertebrates). 

 

The April 6, 2009 ROV study cruise found no sediment deposition in the turbine 

deployment areas: the substrate was mostly cobble 6-18 cm across (Figures 2 and 

3). As a result, sediment sampling is not planned within the turbine installation 

vicinity. However, seabed samples will be conducted on to the proposed cable 

route, as the District does anticipate encountering sediment on the cable route in 
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nearshore areas.  Seabed samples will be attempted using a grab sampler at 5 

locations along the cable route. The samples will be evaluated for grain size and 

sediment contamination. 

 

 
 Figure 2.  ROV video image from April 6, 2009 survey. 

 

 
 Figure 3.  ROV video image from April 6, 2009 survey. 

 

 

 

 

5.4 Survey Duration 
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Bathymetric survey operations are expected to take fewer than five field days 

(mobilization, transit, data collection, demobilization) and 4-6 weeks ashore for 

data processing and presentation. It is expected that MBES bathymetric data will 

be collected on the first day of operations, allowing several additional days for 

more detailed imaging, ROV videography, and sampling and sub-bottom profiling 

operations.  

 

 5.5 Data Analysis and Reporting 

 

Data acquisition will meet or exceed International Hydrographic Organization 

(IHO) Order 1 standards, and be carried out at the maximum resolution 

obtainable. In regard to geospatial accuracy and geodesy, the best available 

positioning instrumentation (e.g. high-precision kinematic DGPS) shall be used. 

Identification of a common vertical datum, such as bathymetric and topographic 

surveying on the ellipsoid (e.g. ITRF or WGS84), will facilitate more accurate 

tidal corrections, data fusion and conversion to other datums (Kvitek et al., 2006). 

Where possible, shoal bathymetry data, particularly that collected along the shore 

cable runs, should be melded to LIDAR data collected by the Puget Sound 

LIDAR Consortium so as to take advantage of the exceptional resolution of that 

data. 

 

The Survey Report will describe the survey standards and procedures and provide 

a timeline of field operations. Specifics of data acquisition methods, navigation 

precision, sonar data processing, and blending with preexisting data will be 

documented.  

 

Data collected by the MBES and sidescan sonars and the ROV will be used to 

establish the characteristics of the seafloor.  The approximate percentage of sand, 

gravel, cobble, and bedrock in the machinery sites and along the cable routes will 

be ascertained using ROV video and grain analysis (grab samples).  Bathymetric 

relief of the turbine sites and the cable routes will be described and documented 

with sidescan and/or video.  The video will be evaluated for areas of eelgrass, 

macroalgae, and other resource information (e.g., shellfish beds).  

 

Collected data will be displayed in a GIS format to include color and gray-scale 

artificially-illuminated images along with backscatter draped over bathymetry. 

 

5.6 Schedule  

   

Survey Planning ..................................................................................... March 2009 

Field Work  .............................................................................................. April 2009 

Data QA/QC & Analysis ......................................................................... April 2009 

Chart Preparation……………………………………………….………..May 2009  

Report Preparation .................................................................................... May 2009 
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APPENDIX I 
 

Washington State Seafloor Mapping Workshop Executive Summary 
 

On January 22-23, 2008, a group of state and federal natural resource and science 

agencies, along with private industry partners convened the Washington State Seafloor 

Mapping Workshop in Seattle.
2
 This workshop, attended by over 120 scientists, 

managers, and policy makers, highlighted seafloor mapping technology and products, 

discussed status of mapping efforts, determined data gaps and priorities and developed 

partnerships and next steps to advance comprehensive mapping of Washington State’s 

marine waters. Current technologies can accurately map bottom depths and seafloor 

geology that are as detailed as terrestrial maps of forests, grasslands, and mountains. Like 

on land, seafloor maps have great potential to inform scientists, managers, and citizens 

when making decisions on developing, protecting, or restoring the marine environment. 

Seafloor mapping data can be used to: 

 

1.   Improve navigation and commerce. 

2.   Characterize benthic habitats. 

3.   Manage fisheries, plan resource surveys, and designate marine protected  areas. 

4.   Monitor environmental change such as sea level impacts. 

5.   Predict sediment and contaminant transport, load and other coastal  processes. 

6.   Manage sediments and coastal erosion. 

7.   Evaluate sites for nearshore or offshore infrastructure such as alternative energy. 

8. Assess earthquake and tsunami hazards. 

9. Model circulation and inundation from storm surge or tsunamis. 

10. Understand geologic history and change. 

 

Some of Washington’s waters have already been mapped with high-resolution Multibeam 

Echosounder sonar bathymetric (MBES) and backscatter imaging. The Center for Habitat 

Studies of Moss Landing Marine Labs (California State University) partnered with the 

Canadian Geological Survey to map marine benthic habitats in the San Juan Islands. This 

project collected and interpreted the complex seafloor MBES data of the San Juan 

Archipelago and resulted in detailed seafloor maps that identified rockfish, lingcod, and 

sand lance habitats as well as potential geological hazards. Other sections of Puget Sound 

and the Washington coast have also been mapped by NOAA, the US Geological Survey, 

Army Corps of Engineers, and the University of Washington. Many of these efforts are 

project-specific investigations or have specific missions that guide the use of the data. As 

a result, the data is not integrated nor coordinated to best facilitate availability and wide 

use by managers, scientists and citizens. Existing data, if collected at an appropriate 

resolution and made publicly available, could assist in producing comprehensive maps 

for Washington.  

 

                                                 
2
 Participants on the steering committee included: Tombolo Institute; U.S. Geological Survey; National 

Oceanic and Atmospheric Administration (NOAA); Olympic Coast National Marine Sanctuary; and the 

Washington Departments of Fish and Wildlife, Natural Resources, and Ecology. 
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The U.S. Navy, through an agreement with NOAA, restricts the distribution of high-

resolution seafloor data and resulting maps or data products collected or funded by 

NOAA. This data restriction greatly impairs the ability of Washington to form 

partnerships with NOAA and other organizations that will effectively advance high-

resolution seafloor mapping and release data to resource managers and the public. Even if 

this existing data was made available, many of Washington’s waters have not been 

mapped at all or were surveyed long ago with less accurate techniques. These areas will 

require new or increased mapping efforts. 

 

Since mapping provides a critical foundation for ocean and coastal management, 

completing seafloor maps for state waters of California, Oregon, and Washington is a 

priority of the West Coast Governors’ Agreement on Ocean Health. California 

established a consortium of partners and is already mapping its marine waters using high-

resolution sonar. Meanwhile, Washington and Oregon are investigating what it would 

take to advance seafloor mapping. In Washington, the workshop attendees suggested a 

consortium of agencies, organizations, and governments would be needed to develop a 

shared strategic plan that will leverage activities and acquire the $20-30 million dollars 

estimated cost for mapping state waters.  

 

During the workshop, participants divided into two work groups: one for Puget Sound 

and one for Washington’s outer coast. These groups discussed uses for data; status and 

gaps in data; planned data collection efforts; criteria for prioritizing data collection; and 

partnerships and opportunities for leveraging mapping. The following provides a brief 

summary of their discussions: 

 

• Data Uses: Many important needs drive the need for seafloor mapping data: 

ecosystems, hazards, baselines, understanding processes, sea level rise impacts, 

and predictive models of coastal evolution. Mapping data will also assist with 

prioritizing future or additional research. For example, delineating hard substrate 

versus other bottom types can help fisheries managers focus additional research 

on particular habitats. 

 

• Prioritizing Data Collection: The outer coast group suggested establishing 

priority areas for mapping by tying the data to particular management needs, 

which will help drive data collection for specific areas. However, participants also 

recognized the need to have comprehensive, complete data. For Puget Sound, the 

group’s possible prioritization criteria were urban areas and threatened 

ecosystems. Both groups recognized that it is more cost-effective to map deeper 

waters versus the nearshore, shallow waters. The groups suggested that balancing 

importance with costs for initial efforts and that a combination of approaches will 

be needed to advance comprehensive mapping. 

 

• Partnerships and Leveraging: Federal and state agencies, tribes, non-

government organizations, academic institutions, and foundations can all play a 

role in forming a strong partnership to advance mapping. Partnerships should 

examine gaps in data collection and overall programs of various agencies; align 
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resources and priorities to advance a joint effort. Online resources and data portals 

can assist in leveraging planned federal mapping activities and in disseminating 

information. Regionally, all three states should leverage proposed activities for 

offshore areas as a way to obtain necessary data (e.g. alternative energy). The 

states can utilize the West Coast Governors’ Agreement as a way to coordinate 

regionally. Navy restriction on distribution of NOAA and NOAA-funded data 

prevents free exchange of information collected in waters deeper than 50 meters. 

It prevents the scientific and resource management community from adequately 

meeting their missions and goals including: protecting society and property from 

coastal hazards and climate change impacts; assessing and managing the 

sustainability of marine resources and ecosystems; restoring damaged marine and 

coastal habitats, species, and processes; and properly siting the uses and 

development of ocean and coastal resources. 

 



 

ADMIRALTY INLET PILOT TIDAL PROJECT 

UNDERWATER NOISE STUDY PLAN  
 

 

 1.0 Description of Issue  
 

Snohomish Public Utility District No. 1 (the District) is engaged in FERC licensing of the 

Admiralty Inlet Pilot Tidal Project (the Project) in Puget Sound, Washington.  The 

Project involves installation of 1-3 tidal in-stream energy conversion (TISEC) devices in 

Admiralty Inlet, as well as placement of a transmission cable to shore.  Any potentially 

adverse effect of the Project is of concern to the District.  It is the District’s intent to 1) 

characterize the existing environment, including underwater noise, within the Project 

vicinity; 2) evaluate the potential for the Project to substantively impact existing 

resources; and 3) engage in detailed post-installation monitoring of the Project to observe 

and assess any such impacts.  This study supports the first of these intended goals. 

 

 2.0    Project Effects  
 

This study does not directly address the potential effects of the Admiralty Inlet Pilot Tidal 

Project on underwater noise.  Data collection and analyses to assess the effects of the 

Project on underwater noise levels will occur during the operational phase of the Project.  

Post-installation monitoring methods and plans will be prepared in consultation with 

Project stakeholders and included with the draft Pilot License Application for the Project.   

 

It is expected that the installed Project will have the potential to affect underwater noise.  

Depending on frequency, duration, and levels, project created noise levels could have the 

potential to negatively affect aquatic organisms, especially marine mammals and fish, in 

the vicinity of the Project. 

 

 3.0    Relevant Existing Information  
 

A summary of existing, relevant and reasonably available information regarding aquatic 

resources in Admiralty Inlet is found in Section 4 of the District’s Puget Sound In-Stream 

Tidal Power Project Pre-Application Document (Snohomish PUD 2008).  Based on this 

document, the most common marine mammal observed in the Project vicinity is the 

harbor seal.  Additional species known to occur include the harbor porpoise, California 

sea lion, Steller sea lion, Dall’s porpoise, killer whale, and river otter.  These 

observations were based on 12 years of vessel surveys conducted by the Washington 

Department of Fish and Wildlife (WDFW).  Additional data from land-based recreational 

marine mammal sighting records indicate gray whale and minke whale may also occur on 

rare occasions.  In addition, WDFW records document four pinniped haulout sites in 

Admiralty Inlet.  Resource agency staff have also indicated concern about noise from 

operation of the project potentially affecting salmon, rockfish, and green sturgeon. 
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Many marine mammals and fish species use sound in communication, navigation, 

predator/prey interactions, and hazard avoidance.  These organisms have biological 

receptors that are sensitive to both sound pressure levels (expressed in decibels [dB]) and 

the frequency of sound (expressed in hertz [Hz]) (Scottish Executive 2007).  There are 

many natural sources of ocean noise, such as those resulting from wind, waves, 

precipitation, cracking ice, and vocalizations by a variety of aquatic species (NAS 2003).  

Anthropogenic sources of ocean noise include commercial shipping, geophysical surveys, 

oil drilling and production, dredging and construction, sonar systems, and oceanographic 

research.   Noise pressure spectral densities can range from about 35 to 80 dB (re 1 

µPa
2
/Hz) for usual marine traffic (10 to 1,000 Hz), and 20 to 80 dB (re 1 µPa

2
/Hz) for 

breaking waves and associated spray and bubbles (100 to 25,000 Hz)(Richardson et al.  

1995).  

 

The effects of variable noise frequencies and pressure levels on marine life are poorly 

understood.  Potential long-term effects include changes in hearing sensitivity and 

behavioral patterns (NAS 2003).  Some anthropogenic sources of noise in the marine 

environment, such as pile driving, have been known to adversely affect marine 

species.  Under the Marine Mammal Protection Act (MMPA), NOAA has established 

two levels of acoustic thresholds to evaluate potential effects to marine mammals.  The 

sound pressure level (SPL) Level B criterion for multipulse and nonpulse noise is 120 

SPL x dB re 1 µPa and 160 SPL x dB re 1 µPa for impulse noise.  The Level A criterion 

is 180 SPL x dB re 1 µPa.
1
 NOAA has continued to use a “do not exceed” exposure 

criterion of 180 dB re 1 µPa for mysticetes and (recently) all odontocetes exposed to 

sequences of pulsed sounds, and a 190 dB re 1 µPa criterion for pinnipeds exposed to 

such sounds (Southall et al. 2007). The available data on marine mammal behavioral 

responses to multipulse and nonpulse sounds are too variable and context-specific to 

justify proposing single disturbance criteria for broad categories of taxa and of sounds 

(Southall et al. 2007).   

 

Resource agencies have indicated interest (assigned as moderate priority) in sound source 

characterization and, where appropriate, monitoring of emerging tidal and wave energy 

technologies. As defined by a report from an Interagency Task Force on Anthropogenic 

Sound and the Marine Environment (Southall et al. 2009), source characterizations 

should include full-azimuth measurements, careful reporting of all calibrations, and wide-

frequency bandwidth measurements. 

 

The concern for potential effects of noise generated by ocean energy projects has also 

been discussed in other documents (Cada et al. 2007, Scottish Executive 2007, MMS 

2007, Michel et al 2007).  In its Environmental Assessment for the Makah Bay Offshore 

Wave Energy Project in Washington, FERC (2007) stated:  

 

                                                 
1
 NOAA Fisheries is evaluating replacing these criterion with guidelines based on exposure 

characteristics that are derived from empirical data and tailored to particular species groups and sound 

types (70 FR 1871; January 11, 2005). 
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Sound induced effects on marine mammals are expected when the sound 

overlaps in frequency and level with the hearing capability of the species 

under consideration. There is considerable variation among marine 

mammals in both absolute hearing range and sensitivity. Their composite 

range is from ultrasonic (frequencies greater than 20 kHz) to infrasonic 

(frequencies less than 20 Hz). Marine mammals as a functional group have 

functional hearing ranges of 10 Hz to 200 kHz. Odontocetes and pinnipeds 

are most sensitive to higher frequencies and mysticetes are most sensitive to 

lower frequencies. 

 

Several baleen whale species, exposed to varying sound sources, impulsive and low 

frequency sounds, were observed to display avoidance behaviors at received levels of 140 

to 160 dB (Malme et al. 1983, 1984, 1988, Ljungblad et al. 1988, Tyack and Clark 

1998).  Large commercial vessels and oil and gas developments have been shown to 

create noise that can make whales change path, increase swim speed, or alter breathing 

patterns.  Conversely, noise associated with some boats has also been observed to attract 

whales.   

 

Hastings and Popper (2005) reviewed studies that show that fish are not adversely 

affected by sound levels less than about 160 dB (re 1µPa).  However, at greater levels 

fish exhibit avoidance, stress, temporary and permanent hearing loss, auditory and non-

auditory tissue damage, egg damage, reduced growth rates, or mortality.  The majority of 

Pacific fish species studied have no special adaptations to enhance their hearing function 

and are capable of detecting sounds between 75 and 150 dB (re 1µPa) and frequencies 

between 30 and 20,000 Hz (Hastings & Popper 2005).  Atlantic salmon, which have 

similar auditory systems as Pacific salmonids, generally detect sounds between 95 and 

130 dB (re 1µPa), at frequencies between 30 and 300 Hz (Hastings & Popper 2005). 

 

Underwater sound generated from the project operation is expected to be nonpulse. 

Sound exposure level (SEL) can be an extremely useful metric for assessing cumulative 

exposure because it enables sounds of differing duration, sometimes involving multiple 

exposures, to be compared in terms of total energy (Southall et al. 2007). The SEL 

criterion for nonpulse injury in cetaceans is calculated to be an M-weighted exposure of 

215 dB re 1 µPa
2
-s (Southall et al. 2007). Regarding peak nonpulse sound pressure levels, 

for all cetaceans exposed to nonpulses, the recommended SPL criterion for injury is 230 

dB re 1 µPa (peak) (Southall et al. 2007).  

 

 4.0    Need for Additional Information  
 

FERC requirements for a hydrokinetic Pilot License Application include a “description of 

existing underwater acoustic environments, including estimated decibel levels.”  

Although the existing underwater acoustic environment in the Project vicinity is expected 

to include substantially greater levels of underwater noise than those created by the 

installed Project, no site-specific information supporting this FERC requirement is known 

to exist.   As a result, a pre-installation description of underwater noise conditions within 
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the study area is warranted in order to support the preparation of the District’s Pilot 

License Application. 

  

 5.0    Final Study Plan 
 

5.1 Study Objectives 

 

The study objectives are to:  

 

• sample and describe the underwater acoustic environment in the vicinity of the 

study area; 

• communicate these findings to project stakeholders and support the District’s 

FERC Pilot License Application. 

 

5.2 Study Area  

 

The District plans to deploy TISEC devices in the vicinity of a centerpoint at the 

following coordinates: 48°9'13"N, 122°41'19"W.  The study area consists of a series of 

sampling points extending a maximum of 2.5 km away from this centerpoint.   

 

5.3 Study Methods  

 

The primary task of this study will be to develop a sound library of existing ambient and 

transient noises in the study area.  Ambient noise levels can be defined as environmental 

background noise, excluding sounds created by the measurement process and the vessel 

used to deploy the sensor (Greene 1995).  Transient noises (e.g., vessel traffic) will also 

be recorded. Samples of ambient and transient noise will be collected at multiple 

locations and depths within the study area. 

 

Mobile Acoustic Monitoring 

 

Wide-frequency bandwidth acoustic measurements will be collected during four cruise 

outings. During each of the outings, acoustic measurements will be collected at a 

minimum of seven sample locations: the study area centerpoint, 250 m from centerpoint, 

500 m, 1 km, 1.5 km, 2.0 km and 2.5 km from centerpoint.  At each location, a surface 

measurement (-3 m), mean column and bottom measurement will be made, referenced to 

MLLW.   Recordings will be made for up to a minute at each location, allowing for the 

identification and/or removal of transient noises or unintentional noises made by the 

deployment vessel or instrumentation. Additional sample locations will be added as 

dictated by field conditions and the presence of transient noises.  A GPS point will be 

taken at each sample point such that the same location can be relocated.   

 

There are multiple sources of possible noise interference, including cable strum, wave 

action against the deployment vessel and cavitation on the hydrophone itself (the sound 

of strong water flow passing over the hydrophone).  These sources of interference 
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generally produce low frequency noise that is separable from other ambient noise. To 

reduce the likelihood of these in strong currents, ‘drift’ measurements will be made.  This 

deployment technique aims to equalize the boat and hydrophone velocity to the water 

velocity, minimizing water flow around the deployed hydrophone.  

 

Data will be collected using equipment of equal capabilities and technical specifications 

to those discussed below.  The specific names of the equipment and software are to 

establish a level of precision and accuracy that must be met, but this description does not 

preclude use of other software or equipment of equal or better capability.   

 

Data will be collected by a Cetacean Research™ C54XRS cylindrical omni-directional 

hydrophone, calibrated for a frequency range of 20 Hz – 250 kHz.  An Iotech DAQ 3001 

sound data acquisition system will provide a 1MHz/16bit interface that will connect to a 

laptop computer.  All data will be recorded with a sampling precision of 16 bits and with 

a sampling rate of 400 KHz in order to achieve high quality broadband spectral content.    

 

Passive Acoustic Monitoring 

 

In addition to the mobile hydrophone data collection described above, the District will 

collect pre-installation underwater noise data from fixed acoustic recorders as part of the 

marine mammals passive acoustic monitoring in the Aquatic Species Study Plan.  

 

The District will deploy a Loggerhead Instruments digital spectrogram long-term acoustic 

recorder (Loggerhead receiver) and a Chelonia C-POD receiver for at least 1 year within 

the Project site. The Loggerhead receiver to be deployed is capable of detecting sounds 

having frequencies up to 40 kHz.  One out of every ten minutes a burst at 80 kHz is 

recorded.  Then, to maximize storage, that burst is processed and spectrum (to 40 kHz) is 

stored.  A small amount of raw data is stored from each burst.  This is expected to allow 

for capture of detailed characterization of ambient noise levels and killer whale 

vocalizations (12-25 kHz).  

 

The C-POD is a fully automated monitoring system that will be used to detect the 

presence of higher frequency odontocete vocalizations, specifically harbor porpoise (110-

150 kHz).  A summary of the capabilities of the different acoustic recorders is presented 

in Table 1.  Additional details about the passive acoustic monitoring are provided in the 

Aquatic Species Study Plan. 
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Table 1.  Summary of capabilities for acoustic recorders 

 

Device 
Frequency of data 

collection 

Hydrophone or 

detection system 
Sampling 

Mobile hydrophone 1 Hz – 200 kHz Hydrophone 

Four cruise outings 

& a minimum of 

21 samples per 

outing 

Loggerhead 1-40 kHz Hydrophone 

6 second stutter 

spread across 1 of 

every 10 minutes 

C-POD 

Tuned to collect 

high frequency 

cetacean 

echolocation clicks 

Detection system 
Automatic for 1 

year 

 

 

5.4 Data Analysis and Reporting 

 

Initially, recordings will be analyzed on site to ensure quality.  Files will then be stored 

on the internal hard drive, backed up and archived after each data collection period.  

Subsequent to data collection, the files will be post processed for further analysis.  Sound 

recordings will be expressed as ‘received levels’. If applicable, source level noise (SPL) x 

dB re 1µPa rms @ 1m will be approximated for transient noises by a best fit line 

extrapolation.   

 

Recordings will be analyzed using 1/3
rd

 Octave Levels (TOL), consistent with current 

practices for assessing potential noise impacts on marine mammals (Madson 2005).  The 

spectrum data characterizes the nature of frequencies and associated pressure per unit 

frequency, or SPL x dB re 1µPa rms for the given recording.  Time averaged root mean 

squared (RMS) levels expressed in SPL x dB re 1µPa will be computed over a bandwidth 

of 1 Hz – 200 kHz to describe continuously distributed sounds or the energy over the
 

whole frequency range measured (Richardson 1995, Madson 2005).  Root mean squared 

levels are determined by analyzing the waveform and computing the square root of the 

average of the squared pressures of the time period that comprises that portion of the 

waveform containing 90% of the sound (pressure squared) energy (Hastings & Popper 

2005).  

 

A range of SEL’s peak dB levels and associated frequencies will be presented for the 

collected data.  SELs are computed by summing the cumulative pressure squared (p²) 

over time (1 second) (Hastings & Popper 2005).  Average spectrum data will be 

computed and displayed for the selected time segments using infinite linear averaging 

(entire transect) and 50% FFT overlap percentage.  

 

The results of this study will be made available as a section of the District’s Draft Pilot 

License Application.  The reporting will describe study scope, methods, equipment used, 

and the collected data in tables and figures.  Results of the supplemental winter sampling 

(January/February 2010) will not be included in the Draft Pilot License Application, 
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though results of this will be summarized and provided to stakeholders and FERC in 

March 2010. 

 

 

5.5 Schedule   

 

The underwater noise surveys will be conducted during three periods in 2009 and one in 

early 2010 as follows: 

 

• April 2009 - The first survey was conducted on April 6, 2009.   

• August 2009 - The second survey will occur during early August. 

• November 2009 - The third survey will occur during early November.  

• January/February 2010 – A fourth supplemental survey will occur in late January 

to early February. Because the FERC pilot license application will be filed at the 

end of 2009, the results of the winter survey will not be included in the 

application, but will be summarized in a separate technical memorandum. 

 

Planning ................................................................................ February– March 2009 

Field Work .......................................................................... April – November 2009  

Data QA/QC & Analysis ...................................................... May – December 2009 

Report Preparation and Draft License Application Filing ............... December 2009 

Supplemental Winter Field Work .........................................January/February 2010 

Summary Report of Supplemental Winter Field Work ......................... March 2010 

 

 



Snohomish County PUD  Underwater Noise Study Plan 

 

FERC Project No. 12690 8 May 1, 2009 

 

6.0    References 

 

American Cetacean Society.  2007.  Ambient Ocean Sounds Chart.  [Online]  URL:  

http://www.acsonline.org/issues/sound/sound-primer/index.html.  (Accessed June 

2007.) 

 

Cada, G.F., J. Ahlgrimm, M. Bahleda, T. Bigford, S. Damiani Stavrakas, D. Hall, R. 

Moursund, and M. Sale.  2007.  Potential impacts of hydrokinetic and wave 

energy conversion technologies on aquatic environments. Fisheries 32(4):174-

181. 

 

Federal Energy Regulatory Commission.  2007.  Environmental Assessment for 

Hydropower License.  Makah Bay Offshore Wave Energy Pilot Project.  FERC 

Project No. 12751-000.  May 21, 2007. 

 

Greene, C. R. Jr.  1995.  Ambient Noise Chapter 5, in Richardson, W.J. Marine Mammals 

and Noise. Academic Press, London. 

 

Hastings, M. C. and A. N. Popper.  2005.  Effects of Sound on Fish. (Subconsultants) 

Submitted by Jones & Stokes to California Dept. of Transportation Contract No. 

43A0139. Task Order 1. 

 

Ljungblad, D. K., B. Würsig, S. L. Swartz, and J. M. Keene. 1988. Observations on the 

behavioral responses of bowhead whales (Balaena mysticetus) to active 

geophysical vessels in the Alaskan Beaufort Sea. Arctic 41:183-194. Cited in 

NMFS 2008a. 

 

Madson, P.T.  2005. Marine mammals and noise: Problems with root mean square sound 

pressure levels for transients. J. Acoust. Soc. Am. 117 (6) Pages 3952-3957. 

 

Malme, C. I., B. Würsig, J. E. Bird, and P. Tyack. 1988. Observations of feeding gray 

whale responses to controlled industrial noise exposure. Pages 55-73 in W. M. 

Sackinger, M. O. Jeffries, J. L. Imm, and S. D. Treacy, editors. Port and ocean 

engineering under arctic conditions, Volume III. University of Alaska, Fairbanks, 

Alaska. Cited in NMFS 2008. 

 

Malme, C. I., P. R. Miles, C. W. Clark, P. Tyack, and J. E. Bird. 1984. Investigations on 

the potential effects of underwater noise from petroleum industry activities on 

migrating whale behavior/Phase II: January 1984 migration. BBN Report 5586, 

Bolt Beranek and Newman, Inc., Cambridge, Massachusetts, for U.S. Minerals 

Management Service, Anchorage, Alaska, NTIS PB86-218377. Cited in NMFS 

2008. 

 

——.  1983. Investigations on the potential effects of underwater noise from petroleum 

industry activities on migrating whale behavior. BBN Report 5366, Bolt Beranek 



Snohomish County PUD  Underwater Noise Study Plan 

 

FERC Project No. 12690 9 May 1, 2009 

 

and Newman, Inc., Cambridge, Massachusetts, for U.S. Minerals Management 

Service, Anchorage, Alaska, NTIS PB86-174174. Cited in NMFS 2008. 

 

Michel, J., H. Dunagan, C. Boring, E. Healy, W. Evans, J. Dean, A. McGillis, and J. 

Hain.  2007.  Worldwide Synthesis and Analysis of Existing Information 

Regarding Environmental Effects of Alternative Energy Uses on the Outer 

Continental Shelf.  OCS Report MMS 2007-038.  Minerals Management Service, 

U.S. Department of the Interior, Washington, DC.  

http://www.mms.gov/offshore/AlternativeEnergy/Studies.htm 

 

Minerals Management Service.  2007.  Programmatic Environmental Impact Statement 

for Alternative Energy Development and Production and Alternate Uses of 

Facilities on the Outer Continental Shelf.  Final EIS.  MMS 2007-046.  October 

2007.  http://ocsenergy.anl.gov/  

 

National Academy of Science.  2003.  Ocean Noise and Marine Mammals.  Prepared by 

the Committee on Potential Impacts of Ambient Noise in the Ocean on Marine 

Mammals, Ocean Studies Board, Division on Earth and Life Studies.  The 

National Academies Press, Washington, D.C.  [Online]  URL: 

http://www.nap.edu/catalog.php?record_id=10564 (Accessed 10/21/08) 

 

National Marine Fisheries Service. 2008. Recovery Plan for Southern Resident Killer 

Whales (Orcinus orca). National Marine Fisheries Service, Northwest Region, 

Seattle, Washington. 

 

Richardson, W. J., C. R. Greene, Jr., C. I. Malme, and D. H. Thomson.  1995.  Marine 

Mammals and Noise.  Academic Press, London. 

 

Scottish Executive.  2007.  Scottish Marine Strategic Environmental Assessment.  March 

2007. 

 

Snohomish County PUD No. 1.  2008.  Pre-Application Document: Puget Sound In-

Stream Tidal Power Project.  Snohomish County PUD No. 1, Everett, 

Washington.  660 pp. 

 

Southall, B., Berkson, J., Bowen, D., Brake, R., Eckman, J., Field, J., Gisiner, R., 

Gregerson, S., Lang, W., Lewandoski, J., Wilson, J., and Winokur, R. 2009. 

Addressing the Effects of Human-Generated Sound on Marine Life: An Integrated 

Research Plan for U.S. federal agencies. Interagency Task Force on 

Anthropogenic Sound and the Marine Environment of the Joint Subcommittee on 

Ocean Science and Technology. Washington, DC. 

 

Southall Brandon L., A. Bowles, W. Ellison, J. Finneran, R. Gentry, C. Greene Jr., D. 

Kastak, D. Ketten, J. Miller, P. Nachtigall, J. Richardson, J. Thomas, and P. 

Tyack. 2007. Marine mammal noise exposure criteria: initial scientific 

recommendations.  



Snohomish County PUD  Underwater Noise Study Plan 

 

FERC Project No. 12690 10 May 1, 2009 

 

 

Tyack, P. L. and C. W. Clark. 1998. Quick-look: playback of low-frequency sound to 

gray whales migrating past the central California coast – January 1998. 

Unpublished report. Cited in NMFS 2008. 

 

University of Rhode Island, Office of Marine Programs.  2007.  Science of Sound in the 

Sea.  University of Rhode Island.  [Online]  URL: 

http://www.dosits.org/science/ssea/2.htm.  (Accessed June 2007.) 

 



 

ADMIRALTY INLET PILOT TIDAL PROJECT 

WATER QUALITY STUDY PLAN  
 

 

1.0 Description of Issue 
 

Snohomish Public Utility District No. 1 (the District) is engaged in FERC 

licensing of the Admiralty Inlet Pilot Tidal Project (the Project) in Puget Sound, 

Washington.  The Project involves installation of 1-3 tidal in-stream energy 

conversion (TISEC) devices in Admiralty Inlet, as well as placement of a 

transmission cable to shore.  Any potentially adverse effect of the Project on 

water quality is of concern to the District.  It is the District’s intent to 1) 

characterize the existing environment, including water quality, within the Project 

vicinity; 2) evaluate the potential for the Project to substantively impact existing 

resources; and 3) engage in detailed post-installation monitoring of the Project to 

observe and assess any such impacts.  This study supports the first of these 

intended goals. 

 

2.0    Project Effects  
 

This study does not directly address the potential effects of the Admiralty Inlet 

Pilot Tidal Project on water quality.  Data collection and analyses to describe the 

effects of the Project on water quality will occur during the operational phase of 

the Project.  Post-installation monitoring methods and plans will be prepared in 

consultation with Project stakeholders and included with the draft Pilot License 

Application for the Project.   

 

Placement of the TISEC devices on the seabed and deployment of the subsea 

cable may result in increased turbidity.  Specifically, if trenching occurs to deploy 

the cable, the process would result in temporary displacement of sediment along 

the cable route.  The sediment would be placed back in the trench to cover the 

cable, and associated increased turbidity will be temporary and short term.   

Otherwise, project construction and operation is not expected to affect local water 

quality 

 

The OpenHydro turbines the District expects to install do not use any petroleum-

based or synthetic lubricants or oils during operations. As a result, there is no 

potential for spills during operation.  
 

3.0    Relevant Existing Information  
 

Within Puget Sound and the Strait of Juan de Fuca, a large-scale and long-term 

water quality monitoring program is administered by the Washington State 
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Department of Ecology (WSDE).   Employing more than 40 fixed-station and 

rotational sites, sampled monthly, and several permanent moorings, the 

Department’s program is part of a larger, inter-agency environmental protection 

campaign – PSAMP (Puget Sound Ambient Monitoring Program) – designed to 

measure background conditions within Puget Sound and to assess the extent of 

environmental perturbation that may result from human activity (WSDE, 1992).   

 

In addition to the instruments and sites managed by WSDE, the National 

Oceanographic and Atmospheric Administration (NOAA) also maintains six 

permanent moorings within the region to record, model and predict both tides and 

water temperature nearshore (NOAA, 2008).  Collectively, these agencies and 

their respective programs provide an enormous volume of information that can be 

used to evaluate or appraise the health of the State’s estuarine waters.   

 

Of particular relevance to the Project are three sampling sites and one permanent 

mooring located in the vicinity of Admiralty Inlet:  the Admiralty Inlet inner site – 

ADM001 (water body ID#: 48122A6D1), Admiralty Inlet outer site – ADM002 

(water body ID#: 48122B8I4), and Port Townsend site – PTH005 (water body 

ID#: 48122A7I6), and NOAA’s Port Townsend nearshore mooring – PTOWN 

(mooring ID#: 9444900).  Together, these sites provide a general record of the 

parametric variability and overall character of water quality, including 

temperature, dissolved oxygen, ammonia and fecal coliform (NOAA, 2008; 

WSDE, 2008a,b).   

 

A summary of other existing, relevant and reasonably available information 

regarding water quality in Admiralty Inlet is found in Section 4.3.2 of the 

District’s Puget Sound In-Stream Tidal Power Project Pre-Application Document 

(Snohomish PUD, 2008).  

 

On April 6, 2009 the District conducted an ROV videography survey within the 

Project area. From what was observed, there was no presence of sediment in the 

turbine deployment sites. The substrate was mostly cobble, 6-18 cm across 

(Figures 1 and 2).  The District does anticipate encountering sediment on the 

cable route in nearshore areas. 

 



Snohomish County PUD  Water Quality Study Plan 

 

 

FERC Project No. 12690 3 May 1, 2009 

 

 
 Figure 1.  ROV video image at Project site from April 6, 2009 survey. 

 

 
 Figure 2.  ROV video image at Project site from April 6, 2009 survey. 

 

 

4.0    Need for Additional Information  
 

FERC requirements for a hydrokinetic Pilot License Application include 

“information on vertical profiles of relevant water quality parameters (e.g., 

temperature, dissolved oxygen, etc.) throughout the water column in the project 

area.”  Although existing water quality monitoring sites near the Project site 

provide important background for this FERC requirement, they are located 
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between six and fifteen kilometers from the general Project area.  As a result, a 

pre-installation description of water quality properties within the study area is 

warranted in order to support the preparation of the District’s Pilot License 

Application. 

 

In its comments dated March 9, 2009, NMFS stated that the District should 

collect baseline information on subsurface mixing, velocity, direction, or seasonal 

variation.  NMFS also requested that the District model the effects on water 

exchange rates between the eastern Straits and Puget Sound.  In a letter dated 

March 8, 2009, the Suquamish Tribe has similar comments. 

 

Such an effort was recently completed; a model was developed to evaluate 

hydrodynamic effects of TISEC devices and was specifically used to estimate the 

effects of the Admiralty Inlet Pilot Tidal Project (Polagye 2009).  From model 

results, it was concluded that “The far-field effects of extraction from an array this 

size would have an immeasurably small effect on the tidal regime of Puget Sound 

.... Any detectable effects should be confined to near-field flow variations in the 

immediate vicinity of the devices” (Polagye 2009). 

5.0 Final Study Plan 

 
Because of the lack of anticipated effects on water quality of the Project 

installation and construction, the District believes that conducting vertical profiles 

at the Project site to measure water temperature, pH, dissolved oxygen, 

chlorophyll a, optical characteristics, and conductivity is sufficient to meet FERC 

requirements to characterize water quality in the project area.  However, the 

District will monitor additional water quality parameters, consistent with the 

PSAMP sampling regime, to assist WDOE and other agencies involved in the 

Puget Sound Ambient Monitoring Program.   

 

5.1 Study Objectives   

 

The study objectives are:  

 

• to sample and describe key water quality parameters in the vicinity of the 

study area; 

• to communicate these findings to project stakeholders and support the 

District’s FERC Pilot License Application. 

 

Water quality parameters to be included as part of study objectives consist of the 

following: 

 

• conductivity; 

• salinity; 
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• temperature; 

• pressure; 

• turbidity; 

• dissolved oxygen; 

• pH; 

• dissolved nutrients; 

• total nitrogen and phosphorus; 

• chlorophyll a. 

 

5.2 Study Area  

 

The District plans to deploy TISEC devices in the vicinity of a centerpoint at the 

following coordinates: 48°9'13"N, 122°41'19"W.  The study area consists of an 

approximately 1 km
2
 area around this centerpoint. 

 
 5.3 Study Methods 
 

Sampling, conducted during other scheduled studies, will be conducted on four 

occasions as follows: 

 

• April 2009;   

• August 2009;  

• November 2009; and  

• January/February 2010 – In response to comments on the draft study plan 

from a number of stakeholders, the District added a fourth supplemental 

sampling outing in late January or early February in order to expand the 

sampling effort to account for seasonal variation.   

 

Field crews will be transported to the study area either by research vessel or ship 

of opportunity.  The ferrying vessel will serve as the sampling platform from 

which conductivity, temperature, and depth (CTD) and Niskin bottle casts will be 

made in order to record ambient water conditions and collect water column 

samples at specified locations along a surface-to-seafloor vertical transect.  Before 

entering the field, crews will be trained as appropriate to deploy, recover and 

handle both CTDs and Niskin bottles, to manage water samples once collected, 

and to log data and record field events.  

 

Water quality measurements and sampling procedures will be generally consistent 

with those set out by the Puget Sound Estuary Program and those in WSDE’s 

Marine Water Column Ambient Monitoring Plan (PSEP, 1990; WSDE, 1992).  

However, while the WSDE uses a seaplane as its sampling platform, all recording 

and sampling conducted for this study will be conducted from watercraft.  In 
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addition, while the Department’s protocol mandates that duplicate casts and 

redundant water samples for dissolved oxygen analysis be taken once every 12 

stations, the District’s efforts will require duplicate casts and redundant water 

samples be taken on every visit to the sampling site.   

 

The parameters to be measured within the pilot study area include conductivity, 

temperature, pressure, dissolved oxygen, transmissivity of light, pH, dissolved 

nutrients, total nutrients, and chlorophyll a.  A CTD equipped with additional 

sensors will be used to obtain continuous records of conductivity and salinity, 

temperature, pressure and depth, dissolved oxygen, transmissivity of light and 

turbidity, and pH, from the seafloor to the surface.  Niskin bottles will be used to 

collect water samples near the bottom, at 30m depth, at 10m depth, and at the 

surface, for the purpose of measuring salinity, dissolved oxygen, dissolved 

nutrients, total nutrients (nitrogen and phosphorus), and chlorophyll a.  

Subsamples of seawater will be taken from the bottles for each parameter and will 

be sent to an independent laboratory for analysis. 

 

5.3.1 CTD Sampling 

 

Two CTD casts, one primary and one duplicate, will be conducted each time the 

sampling site is visited.  For every cast, the date, the cast number, the turn-on 

time, the start cast time, the end cast time, and the turn-off time will be recorded 

in a CTD field log.   

 

CTD sensors will be equilibrated with ambient seawater by holding the unit 

stationary just below the surface for a period of approximately two minutes.  

Following equilibration, the unit will be lowered to the bottom at a rate of 25-50 

cm/sec, which will afford fine resolution of the water column’s hydrographic 

profile as well as allow the slow responding oxygen sensor to accurately detect 

changes in the adjacent volume. 

 

During the cast, all parameters measured by the CTD including conductivity, 

temperature, depth, dissolved oxygen, transmissivity of light and pH, will be 

internally recorded.   Data will either be transmitted to the sampling platform 

from the CTD unit in real time, or retrieved at the end of the cast by manual 

download. 

 

The data collected during duplicate casts will be compared with the data collected 

from the primary cast and will be used for QA/QC purposes, as a measure of CTD 

sensor variability in the field and an indicator of data reliability.  

 

5.3.2 Niskin Bottle Sampling and Subsequent Laboratory Analysis 
 

Water samples will be obtained from four different target depths (i.e. surface, 10 

m, 30 m, and near the bottom) each time the pilot site is visited. For each cast, the 
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date, the cast number, the target depth, the start cast time and end cast time will be 

recorded in a water quality sampling field log. 

 

The general procedure for collecting water samples will be as follows.  A rosette 

of Niskin bottles will be lowered to the seabed and then raised. As the rosette is 

raised, two Niskin bottles will be tripped at each specific target depth.  After 

being brought back to the surface, the water samples contained within the Niskin 

bottles will be subsampled for dissolved oxygen, chlorophyll a, dissolved 

nutrients, turbidity, total nutrients, and salinity.  Dissolved oxygen will always be 

the first subsample to be drawn.  Approximately 500 ml of sample water will be 

drained into a pre-cleaned 500 ml biological oxygen demand (BOD) glass 

stoppered bottle.  The water will immediately be fixed with manganous chloride 

and sodium iodate/sodium hydroxide.  The sample will then be stoppered, shaken, 

treated with sulfuric acid, and capped.  For chlorophyll a, a known quantity of 

sample water will be passed through a GF/F filter and the filtered water will be 

stored on ice in a 15 ml screw top tube. For dissolved nutrients, 40 ml of sample 

water will be passed through a 0.45 micron filter into a 60 ml HDPE bottle and 

stored on ice. For total nutrients and turbidity, approximately 125 ml of sample 

water will be drained into a wide mouth plastic sample bottle and refrigerated 

away from light. For salinity, less than 500 ml of sample water will be drained 

into a pre-cleaned 500 ml BOD glass stoppered bottle and stored upright and out 

of light. 

 

The redundant dissolved oxygen and salinity measurements derived from the 

water column samples will be compared with those values obtained with the CTD 

unit at same depths in order to ensure data and sensor reliability. 

 

 5.4 Data Analysis and Reporting 

 

The results of Spring, Summer, and Fall 2009 components of the study will be 

made available as a section of the District’s Draft Pilot License Application, 

which will be filed in December 2009.  The reporting will describe study scope, 

methods, equipment used, and the collected data in tables and figures.  Map 

figures will be created to document location of the sampling area and photo-

documentation will be provided of the sample events in an appendix.  Further, the 

report will include an assessment of the comparability of the collected study area 

site data to surrounding monitoring locations.   

 

Results of the supplemental winter sampling (January/February 2010) will not be 

included in the Draft Pilot License Application, though results will be 

summarized in a separate technical memorandum. 

 

5.5  Schedule  

   

Planning ............................................................................... February – March 2009 

Field Work  ......................................................................... April – November 2009 
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Data QA/QC & Analysis ....................................................... May –December 2009 

Report Preparation and Draft License Application Filing ............... December 2009 

Supplemental Winter Field Work ...................................... January – February 2010 

Summary Report of Supplemental Winter Field Work ......................... March 2010 
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ADMIRALTY INLET PILOT TIDAL PROJECT  
 

Aquatic Species and Project Operations Monitoring Plan 
 
1.0 INTRODUCTION 
 
Public Utility District No. 1 of Snohomish County (Snohomish) is engaged in licensing and 

permitting of the Admiralty Inlet Pilot Tidal Project (the Project) in Puget Sound, Washington. 

The Project involves installation of two OpenHydro tidal in-stream energy conversion turbines in 

Admiralty Inlet, as well as placement of a transmission cable to shore. The turbines will be 

installed in the northeastern portion of Admiralty Inlet, approximately 1 km west-southwest of 

Admiralty Head near latitude 48°9’3.24” N longitude 122°41’15.72” W, in water depth of 

approximately 58 meters.  Power generated by the project will be transmitted via a single subsea 

cable and connected to the grid at the Puget Sound Energy infrastructure near the Fort Casey 

Conference Center.    

   

Any adverse environmental effect of the Project is of concern to Snohomish.  It is Snohomish’s 

intent to 1) engage in appropriate and feasible post-installation monitoring of the Project to 

observe and assess such impacts; 2) modify the Project or project operations to avoid or mitigate 

for impacts; and 3) shut down or remove the Project if unacceptable impacts are documented and 

cannot be avoided or mitigated for.  Efforts described below are meant to support these analyses.   

 
2.0 MONITORING GOALS AND OBJECTIVES 
 

Potential project effects identified by Snohomish include modifying local habitat by adding new 

structure, blade strike or collision, altered behavior patterns of some marine mammals or fish, 

modification of the acoustic or hydrodynamic environment, and the accumulation of derelict 

gear.  Post-installation monitoring is proposed to address specific effects associated with the 

Project and its operations.   

 
The objectives of Snohomish’s proposed monitoring efforts are: 

 
1) Assess near-turbine aquatic species behavior; 

2) Identify near-turbine species composition; 
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3) Evaluate the Project’s acoustic signature;  

4) Evaluate the Project’s hydrodynamics effects; 

5) Monitor for and remove derelict fishing gear. 

6) Evaluate potential effects of construction, decommissioning, or maintenance on aquatic 

species and water quality.   

 
To address these objectives, Snohomish’s proposes to pursue the following monitoring efforts: 
 

• Near-turbine monitoring and identification of aquatic species; 

• Acoustic monitoring; 

• Hydrodynamic effects monitoring; 

• Derelict gear monitoring and removal; 

• Benthic monitoring; and  

• Construction and removal monitoring. 

 
Snohomish believes the methods described below represent the best current practices for 

evaluating presence, distribution, and behavior of mobile marine species.   At the same time, 

both hydrokinetic and remote-sensing technologies are evolving rapidly, at such a pace that 

Snohomish expects technological advances and the development of new information regarding 

the potential effects of hydrokinetic turbines during the course of pre-installation licensing 

efforts for the Project.  As a result, Snohomish presents this monitoring plan with the expectation 

that changes are likely to occur over time and will be addressed in part through an adaptive 

management program.  

 

Numerous technical hurdles will need to be considered and addressed before the successful 

implementation of this monitoring plan.  Chief among these are a complex of questions related to 

gear selection, placement, deployment, and retrieval.  For example, the remote-sensing 

equipment envisioned here will require periodic maintenance if deployed at length, whether 

expected (e.g., lens cleaning) or unexpected (e.g., flooded casings). Servicing this gear likely will 

require bringing it to the surface, presenting substantial challenges related to physical and 

electrical connections with data and power cables, subsequent redeployment of the gear, correct 

positioning and calibration of redeployed equipment, and similar issues.  Snohomish expects a 
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continuing dialogue with technology providers as to potential methods of addressing and testing 

each of these issues.  However, it is important to note that no method to address these challenges 

is currently identified, which may substantially affect Snohomish’s monitoring abilities and 

technology decisions.  Other tidal energy projects worldwide, including devices deployed at test 

centers in the United Kingdom and Canada, face similar challenges that in large part remain 

unresolved.  Snohomish looks forward to working with stakeholders on these issues.  

 
3.0 ADAPTIVE MANAGEMENT APPROACH 
 
Snohomish believes that many of the technical issues described above and data interpretation 

associated with the Project monitoring effort will warrant technical review and discussion by a 

technical working group.  This group would oversee and evaluate results of preinstallation and 

monitoring studies.  These results would be used in combination with an understanding of the 

ecosystem and information from other relevant sources to make adjustments to study methods, as 

appropriate, and to manage or change aspects of the project operation, as necessary, to avoid or 

minimize unexpected or undesirable impacts on natural resources.  The adaptive management 

process allows for immediate action where necessary to address a critical adverse effect of the 

Project should that occur.  Snohomish envisions this as a consensus-based group that would 

administer key topics related to the Project, including: 

 

• Consideration of results from preinstallation studies and monitoring efforts and 

subsequent adjustments to study methods as appropriate. 

 

• Evaluation or initiation of potential mitigation or impact avoidance measures. 

 
 
4.0 NEAR-TURBINE MONITORING AND IDENTIFICATION 

OF AQUATIC SPECIES  
 
The potential for negative interaction between marine life and Project turbines is a central focus 

of Snohomish’s monitoring plans.  In general, Snohomish’s assessments of potential Project 

effects find that the likelihood of direct interaction between operating Project turbines and 

marine life is low: the turbines are detectable, avoidable, and do not entrain species in any 
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traditional sense of the word.  Video monitoring of OpenHydro’s EMEC installation finds that 

marine species are generally absent from the turbine area during generation (Three years post-

installation, fish have begun to use the downstream side of the turbine under lower-velocity 

conditions, but leave the area in advance of the high currents required for operations).  

Nevertheless, Snohomish views the Project as an important test installation in Puget Sound that 

will complement research on tidal turbines being conducted in other parts of the world and help 

to evaluate the applicability of findings from different geographical regions.  Snohomish is 

committed to coordinating the development of monitoring efforts with other similar efforts 

elsewhere to identify, test, and deploy the most appropriate near-turbine monitoring equipment.   

 
Snohomish’s proposed near-turbine monitoring effort includes the use of multi-beam acoustic 

camera equipment to detect and observe marine species, and the use of lighted video to allow 

species identification.  Each of these components is described below. 

 
Snohomish proposes to employ paired multi-beam acoustic cameras to detect and observe marine 

species on either side of a turbine face during sampling intervals.  Multi-beam acoustic cameras 

can provide underwater video-like data on aquatic life that enters the beam window, which will 

allow for collection of information on movement patterns and behavior of aquatic life near the 

tidal turbine. The multi-beam data will also provide information on relative abundance of fish 

and marine mammals and provide some length and shape information for targets approaching the 

turbine face area.  The multi-beam data will not likely support species identification; however it 

may be possible to distinguish significant morphological differences in targets that allow for 

general identification (e.g., rockfish vs. salmon). 

 

Snohomish expects to deploy a series of underwater digital video cameras for species 

identification of organisms in the near-turbine vicinity. The underwater video cameras would use 

an appropriate lighting source to compensate for the lack of ambient light. If feasible, Snohomish 

may also employ a trigger system so as to limit video data collections to those times when 

aquatic species are present in the turbine vicinity.  An example trigger system would use a 

single-beam acoustic transducer mounted approximately 15-20 meters from the turbine face, 

with a beam width of approximately 35 degrees. Objects entering the single-beam area would 
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trigger the lighting source and a few seconds of video footage of the object.  Video recording 

would be initiated before the light is activated and cease after the light is deactivated in order to 

optimize collection of footage during the initial period of light-enhanced conditions.  This length 

of footage provides more information than a still photograph, yet minimizes the use of lighting, 

which may alter marine life behavior.   

 

The range of visibility for underwater video will be influenced by the concentration of 

particulates and air bubbles in the water column, a variable that will require evaluation during 

system testing.  Similarly, any triggering system may detect false positives from entrained air or 

debris: this will need to be refined during testing as well.  In addition, the introduced light 

emitted during video camera operation could attract or deter some species.  To help minimize 

this effect, only a few seconds of video footage will be taken following each triggering event.  In 

the event that fish or other marine organisms are found to congregate around the turbine, the 

trigger system may be disabled and instead, video will be shot at regular intervals (e.g., every 30 

minutes for a few seconds). 

 

As discussed in further detail in Section 7 below, Snohomish proposes to monitor for derelict 

fishing gear using a Remotely Operated Vehicle (ROV) to inspect the turbines as part of its 

operations and maintenance activities.  Video footage taken during the ROV surveys will be 

reviewed, any visible fish identified, and results will be compared to the stationary video camera 

footage.   

 

The physical deployment (and prior testing) of a multi-beam acoustic camera and video camera 

array in approximately 58 meters of water poses substantial technical challenges that will require 

ongoing discussions with technology providers and Project stakeholders.  Currently, Snohomish 

expects to mount multi-beam and video gear on the turbine foundation, although other mounting 

options will be considered as well. Under a turbine-mounted configuration, video cameras and 

multi-beam transducers would be pointed at the turbine face and oriented to provide the 

maximum possible coverage around the turbine rotor. The multi-beam is expected to have a 

minimum beam angle of 30° on the horizontal, and 12° on the vertical. If needed to allow for 

additional coverage around the turbine face, multi-beam cameras may be integrated with a 2-axis 
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rotator mount. Such a mount would allow the multi-beam cameras to tilt and pan, allowing 

horizontal and vertical evaluations by a close-mounted array deployed directly on the turbine 

foundation.  Similarly, tilt and pan capabilities will be pursued for video arrays that are deployed 

on the foundation. 

 

Snohomish expects to collect multi-beam and video camera data for a minimum of a full year of 

Project operation, with more intensive data collection concentrated during the initial deployment 

of the turbines.  The amount of time during which sampling will be conducted in a given day will 

be determined following evaluation of the results of feasibility testing, which is planned prior to 

Project installation.  Following review of the first year of post-installation study results, 

Snohomish will consult with stakeholders to determine whether additional monitoring with the 

multi-beam or video systems is warranted. 

 

Snohomish intends that data from the multi-beam acoustic camera and video camera will be 

transmitted to shore via the Project’s subsea cable, and stored on land-based hard drives. The 

organisms observed will be analyzed for size and behavioral characteristics, as well as season, 

tidal stage, and time of day from the timestamp data.  Using data timestamps, it will be possible 

to integrate multi-beam and video camera data so as to match multi-beam detections with video 

imagery. 

 
Key considerations for near-turbine monitoring and identification of marine species include: 
 

• Gear retrieval and redeployment - as noted above, periodic access to and maintenance of 

the monitoring gear will be critical.  It is expected that quarterly maintenance efforts may 

be required (e.g., to clean fouling off lenses).  In turn, this will require the ability to 

deploy and retrieve the monitoring equipment independent of the turbine foundation, a 

substantial technical challenge.  In the event a feasible method of gear retrieval and 

redeployment is not identified, Snohomish’s monitoring methods may require 

reevaluation. 

 

• Technical specifications of proposed multi-beam and single-beam gear – any equipment 

deployed must have sound frequencies and pressure levels that will not negatively affect 
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marine life. 

 

• Data transfer and storage - multi-beam acoustic cameras require a large amount of data 

storage. A single multi-beam acoustic camera uses approximately 1 gigabyte of storage 

every hour, although use of motion detection software may reduce data storage needs.  

 

• Data processing software – certain technology providers offer software that can scan 

datasets for targets from defined size classes, potentially streamlining monitoring efforts. 

 

• Beam width relative to the turbine face – multi-beam camera technology varies widely 

among providers, with beam width ranging up to 120 degrees or as low as 14 degrees.  

This influences gear deployment considerations: a wider beam should allow placement of 

multi-beam transducers on the turbine foundation, while a narrow beam might preclude 

it. 

 
Split-beam hydroacoustic transducer technology is not currently being proposed by Snohomish.  

Although this technology allows for aquatic species detection and various automated data 

processing, multi-beam acoustic cameras can be deployed at a closer range (e.g., on or near the 

turbine foundation) simplifying deployment efforts.  In addition, Snohomish believes near-

turbine split-beam data would be of limited value, providing target strength and target position 

relative to the transducer, while the multi-beam would capture additional details with video-like 

imagery on an organism’s behavior, morphological features, and interactions with the turbine 

structure.  In addition, split-beam technology can present technical challenges when used in 

conjunction with Acoustic Doppler Current Profiler (ADCP) instrumentation, which Snohomish 

believes is warranted as part of Project monitoring efforts.   

 
5.0 ACOUSTIC MONITORING 
 
Snohomish’s preinstallation studies include fixed deployment of two forms of acoustic data 

collection gear: a Loggerhead Acoustic Recorder for ambient noise data and low frequency 

marine mammal vocalizations, and a Chelonia T-Pod for marine mammal echolocation (an older 

Chelonia C-Pod is in place as well, collecting similar data).  Snohomish’s preinstallation studies 
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also include periodic deployment of two additional gear types: a mobile shipboard broad-

spectrum hydrophone for collection of ambient noise data, deployed four times prior to turbine 

installation, and a low-frequency vertical hydrophone array, which will be deployed as possible 

during Southern Resident Killer Whale (SRKW) observations between October 2009 and April 

2010 (Additional details on each of these efforts are provided in Snohomish’s Underwater Noise, 

Aquatic Species, and Marine Mammal preinstallation study plans.).  Initial results from these 

efforts have documented substantial harbor porpoise use of the east side of Admiralty Inlet, and 

indicated that the sound pressure level rarely drops below 100 dB (re 1 μPa) and rarely exceeds 

130 dB (re 1 μPa at 1m) (NNMREC 2009).  Testing of OpenHydro’s 6 meter turbine at the 

European Marine Energy Center suggests that noise from the device was undetectable versus 

background at approximately 200 meters distance.  The full noise profile is present only during 

high-current periods, when the turbine is rotating freely and generating power (Subacoustech 

2008).   

 

Each of the deployed acoustic data collection units is restricted by power needs and data transfer 

limitations.  For example, the Loggerhead hydrophone is effectively sampling for 1% of its total 

deployment time, reducing data utility and the ability to detect marine mammal use of the Project 

vicinity.  In addition, collected data cannot be evaluated (nor potential instrument malfunctions 

detected) in real time using the current instrument package.   

 

Following turbine deployment, Snohomish proposes to pursue replacing these existing efforts 

with a digital broadband hydrophone with flat frequency response across 1-150 kHz.  The 

hydrophone would stream data to shore, allowing real-time measurement of turbine noise across 

all tidal cycles and local conditions.  In addition, it could allow continued data collection on 

some marine mammal use of the Project vicinity. 

  
Key considerations for acoustic monitoring efforts include: 
 

• Gear retrieval and redeployment – a powered, streaming hydrophone may be subject to 

similar deployment and redeployment challenges as video and sonar monitoring 

equipment, discussed above. 
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• Data utility – Snohomish expects to use acoustic measurements to accurately describe the 

Project noise signature across varied conditions.  The data will be used to measure the 

spatial extent of potential acoustic harassment of marine mammals. 

 

• Deployment – mounting of hydrophone gear on the turbine foundation versus a stand-

alone installation.  Evaluation of the utility of hydrophone integration with multi-beam 

and video camera installations, or the benefit of a discrete package. 

 

• Duration – Snohomish expects that fixed hydrophone measurements sufficient to 

characterize Project noise under different conditions may require six months of post-

installation monitoring. 

 
6.0 HYDRODYNAMIC EFFECTS MONITORING 
 
Hydrodynamic modeling efforts supported by Snohomish demonstrate that no far-field effects of 

the Project on tides, currents, or mixing will occur at the scale of installation being proposed 

(Polagye 2009).  Similarly, computational fluid dynamics modeling conducted by OpenHydro 

indicates that a turbine wake is expected to be undetectable within approximately 150 yards of 

the turbine (These data were discussed briefly at the September 17, 2009 Project meeting during 

OpenHydro’s presentation, and are presented in additional detail in Snohomish’s Draft Pilot 

License Application.).  However, Snohomish expects that local measurements of the turbine 

wake as installed in Admiralty Inlet are warranted to ensure that these modeling efforts are 

accurate.  To this end, Snohomish anticipates including a pair of ADCP transducers as part of its 

monitoring instrumentation package. 

 
Key considerations for wake monitoring include: 
 

• Data utility – Snohomish expects to use ADCP measurements to describe tidal current 

speeds and mixing patterns both upstream and downstream of tidal currents.  The data 

will be used to define the maximum extent of Project-related hydrodynamic effects. 

 

• Deployment – Mounting of ADCP gear on the turbine foundation versus a standalone 
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installation.  Evaluation of the utility of ADCP integration with multi-beam and video 

camera installations, or the benefit of a discrete ADCP package. 

 

• Compatibility with sonar arrays – Multi-beam camera equipment is fully compatible with 

ADCP data collection.  However, split-beam arrays cannot be used in conjunction with 

an ADCP.   

 

• Duration – Snohomish expects that ADCP measurements sufficient to characterize the 

Project wake under different conditions will require at least three months of post-

installation monitoring. 

 
7.0 DERELICT GEAR MONITORING 
 
Any in-stream marine structure has the potential to trap or accumulate derelict gear, which can 

pose a hazard to marine life.  Derelict gear in Puget Sound is the subject of a concentrated 

mapping and removal effort by WDFW and the Northwest Straits Commission, with a total of 

2,882 crab pots and 356 nets identified as of mid-2009.  No derelict gear is known to occur near 

the Project installation site proper, although derelict nets and pots are identified to the north and 

south (>1 mile) (personal communication, Alicia Bishop, NMFS, August 27 2009).    

 

Since 2002 a derelict fishing gear recovery program has recovered more than 1,200 derelict 

fishing nets throughout the Puget Sound region. Of the 902 derelict fishing nets recovered from 

the United States portions of the Juan de Fuca Strait and Puget Sound, there were 876 gillnets; 23 

purse seines, 2 trawl nets, and 1 aquaculture net (Good et al. 2009). Most gillnets were recovered 

from depths less than 22 meters, with a maximum depth of 42.7 meters (Good et al. 2009)1.  

  

According to the gillnet recovery data, marine birds were entangled in 14 percent of the nets and 

were more likely to be present in gillnets that were in relatively good condition, recovered less 

than one year after being reported to the recovery program, located in the San Juan Islands and 

                                                 
1  The report does not specify whether the derelict gear is more common in depths less than 22 meters or if gear in 

shallower water was targeted for recovery.  
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Strait of Juan de Fuca, large in size (1,000 to 14,000 m2), and recovered from minimum depths 

of 20 to 40 meters (Good et al. 2009). 

 

The Northwest Straits Marine Conservation Initiative was recently awarded $4.6 million in 

economic stimulus from the American Recovery and Reinvestment Act to continue to recover 

derelict fishing gear from Puget Sound. The funds will provide resources to locate and remove 

approximately 3,000 high priority derelict nets and fulfill the Derelict Fishing Gear Removal 

Program goal to clear 90 percent of the existing derelict fishing nets from high priority areas of 

Puget Sound by 2012 (Northwest Straits 2009). In two months of operation this program has 

removed over 418 nets (Northwest Straits 2009).  Because of these efforts, it is expected that the 

risk of derelict fishing gear snagging on Project works should decrease substantially in the 

future. 

 

Snohomish proposes to monitor for derelict fishing gear during ROV deployments required as 

part of standard operations and maintenance procedures.  During the first year of deployment, 

ROV observations are expected every 2-3 months. Following this initial period, Snohomish will 

deploy an ROV at least twice annually.  During each deployment the ROV will be used to 

inspect the turbines and foundations for accumulation of derelict fishing gear, with findings 

recorded by video camera.  

 

In addition to these targeted efforts, Snohomish expects that other detection means will assist in 

the detection of derelict gear.  If debris becomes entangled with the turbine, it is anticipated that 

the performance of the turbine would reduce noticeably and that this performance drop would be 

monitored and recognized on the control system.  In addition, Snohomish will be able to view 

much of the turbine and gravity base structure from the multi-beam camera and video cameras 

installed on one of the turbines as part of the Near-Turbine Monitoring effort (Section 4).    

   

Removal guideline efforts established by WDFW (2002) generally specify the use of divers with 

associated support vessels, along with detailed gear description and record keeping efforts.  As 

the turbines will be located in water depths of approximately 58 meters, it is Snohomish’s 

intention to preclude the use of divers for deep-water gear recovery.  For gear recovery in deep 
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water ROV use may be warranted. 

 

Key considerations for derelict fishing gear monitoring and removal efforts include: 
 

• Deployment – pan and tilt capabilities of video gear may be limited by the deployment 

configuration. Viewing range of video gear may not encompass the entire turbine 

foundation. 

 

• Maintenance – methods for periodic maintenance of cameras, lenses, and/or lighting.   

 

• Contingency – consideration of the potential for unclear imagery or gear failures. 

 

• Duration – Snohomish believes derelict gear monitoring should continue for the duration 

of the Project license. 
 
8.0  BENTHIC HABITAT MONITORING 
 
The turbines and subsea cable will contact the benthic substrate and will affect the subsea 

geology and seabed. The turbine deployment methodology developed by OpenHydro requires no 

invasive seabed preparation, and no drilling, piling or pinning works.  The turbine foundation, 

placed on top of the seabed, is designed to penetrate the top layer of substrate to aid with stability 

and prevent any lateral movements of the turbine structures.  It is estimated that the foundation 

legs will penetrate the seabed (small cobbles) to a depth no greater than 0.5 meters.  Each 

foundation structure will consist of three legs, with a footprint covering a maximum area of 

approximately 10 m2.   

 

The subsea transmission cable will connect the OpenHydro turbines to the electrical grid 

onshore.  The cable will be laid on the seabed from the turbines shoreward to the 20 meter depth 

contour.  At the 20 meter contour, the cable will be installed beneath the seabed using horizontal 

directional drilling to avoid adverse impacts to shoreline areas.  Snohomish does not anticipate 

that the cable laying process will have any significant effects on the seabed. 
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To monitor for changes to the benthic environment Snohomish proposes to conduct ROV 

surveys around the base of the turbine foundations and portions of the subsea cable route to 

document benthic habitat conditions around Project components.  This monitoring will provide 

information about biofouling of Project components and related changes to the marine habitat 

resulting from the creation of new in-water structure, if any.   

 

The benthic monitoring will be conducted concurrent with ROV deployments required as part of 

standard operations and maintenance procedures.  During the first year of deployment, ROV 

observations are expected every 2-3 months. Following this initial period, Snohomish will 

deploy an ROV at least twice annually.  Snohomish anticipates that ROV benthic surveys will 

continue for the duration of the Project license. During each deployment the ROV will be used to 

inspect the turbines and foundations for changes to benthic habitat including accumulation of 

biofouling with findings recorded by video camera.  

  
  
9.0 CONSTRUCTION AND REMOVAL MONITORING 
 

The proposed turbine location is situated on hard-bottom habitat with a fairly flat and featureless 

seabed at about 58 meters water depth.  The existing substrate in the turbine deployment area is 

comprised of cobble as strong currents cause seafloor erosion, transport, and removal of fine 

grain sediments, leaving only granular sediments, cobbles, and boulders (Fugro 2009). 

 

OpenHydro uses a custom barge for turbine installations, allowing turbine placement and cable 

connection within one tidal cycle.  Installation activities will not produce any high-intensity 

transient noises, such as those produced by pile driving.  The Project transmission cable will lie 

on the bottom, and will not be trenched.  Horizontal directional drilling will begin at 

approximately the 20 meter depth contour, and continue inland to a previously developed site, 

with no shoreline effects. Because the installation site has a scoured-cobble bottom, impacts to 

turbidity or similar short-term water quality effects are not expected during construction, 

although monitoring is warranted to ensure this assessment is accurate.   
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Snohomish proposes that environmental monitoring during Project construction and removal will 

include, at minimum, the following components: 

 
• Trained marine mammal and seabird observers present on-site during all construction and 

removal operations. 
 

• Local turbidity measurements during aspects of Project installation and 
decommissioning. 
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ADMIRALTY INLET PILOT TIDAL PROJECT 
 

Safeguard Plan 
 
1.0 INTRODUCTION 
 
Public Utility District No. 1 of Snohomish County (Snohomish) is engaged in licensing and 

permitting of the Admiralty Inlet Pilot Tidal Project (the Project) in Puget Sound, Washington. 

The Project involves installation of two OpenHydro tidal in-stream energy conversion turbines in 

Admiralty Inlet, as well as placement of a transmission cable to shore. The turbines will be 

installed in the northeastern portion of Admiralty Inlet, approximately 1 km west-southwest of 

Admiralty Head near latitude 48°9’3.24” N longitude 122°41’15.72” W, in water depth of 

approximately 58 meters.  Power generated by the project will be transmitted via a single subsea 

cable and connected to the grid at the Puget Sound Energy infrastructure near the Fort Casey 

Conference Center.    

 

Any detrimental effect of the Project on public safety, property, or resources is of concern to 

Snohomish.  It is Snohomish’s intent to 1) engage in appropriate and feasible post-installation 

monitoring of the Project to observe and assess such effects; 2) modify the Project or Project 

operations to avoid or mitigate for detrimental effects; and 3) shut down or remove the Project if 

unacceptable detrimental effects are documented and cannot be avoided or mitigated.   

 
2.0 PUBLIC SAFETY PLAN 
 
The Admiralty Inlet Project presents little to no known hazard to public safety.  The Project is 

located outside major shipping lanes, in waters not used for commercial fishing. Project turbines 

will be located in waters approximately 58 meters deep, deeper waters than are typically used by 

recreational users, and presenting no hazard to tug or barge vessels. Recreational diving in the 

area is typically conducted in shallow waters closer to shore.  The Project transmission cable will 

be horizontally drilled to shore facilities near existing grid infrastructure, with remote or local 

control capabilities in place 24 hours a day.  Project turbines are equipped with an electrical 

brake that can cease power generation and slow turbine rotation within seconds.  In the event of 
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loss of transmission and control capabilities, the brake engages automatically. 

 

Snohomish has engaged in consultation in regard public safety with public and private interested 

parties, including the US Coast Guard, the Puget Sound Pilot’s Association, the US Army Corps 

of Engineers Navigation Division, the Washington Department of Ecology, American 

Waterways Operators, and the US Navy.  No substantive public safety concerns related to the 

Project have been brought to Snohomish’s attention.  Nevertheless, Snohomish will engage in 

detailed Project monitoring so as to be able to detect, respond to, and report conditions 

potentially hazardous to public safety. 

 
2.1 PROJECT MONITORING 
 
Real-time monitoring information of turbine operations will be transmitted to the Project controls 

building by the fiber optics or copper wire bundles in the trunk cable.  An electronic turbine 

health and data management capability integrated into Project controls to ensure the long term 

viability and structural integrity of the turbines. An integrated sensor approach to turbine 

management will quickly identify and respond to unusual turbine behavior.  

 

■ Electrical – Real-time operational status of the turbine will be monitored by measuring 

and recording electrical parameters. Automatic alarm thresholds will be set locally with 

processor control or remotely by maintenance personnel. An integrated tilt sensor will be 

mounted to the gravity mount frame to assist in establishing levels. 

 

■ Mechanical – A three axis orthogonal accelerometer will be mounted on the turbine to 

measure real-time vibration levels in x, y, and z axis. Alarm levels and automatic controls will be 

set to shut down the turbine at preset acceleration levels to prevent potential turbine damage or 

internal mechanical or electrical imbalances. An integrated tilt sensor will be mounted to the 

gravity mount frame to assist in establishing levels and will monitor the turbine for long term 

settling. 

 

■ ROV – A remotely operated vehicle will be used to inspect the turbines and the area in 

the vicinity of the turbines on an as needed basis.  During the first year of deployment, ROV 
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observations are expected every 2-3 months.  Following this initial period, Snohomish will 

deploy an ROV at least twice annually. 

 

Manual control in the Project controls building and remote web-based monitoring and control 

will be provided for turbine and grid connection functions.  Turbine control functions will 

include grid connection and disconnection and turbine braking for maintenance.  A computer 

will manage and display sensor information as it arrives. The program that manages the sensor 

data collection will also keep historical records, track sensor level thresholds, and perform 

calculations. The computer will have internet access for remote data displays and commands. 

 

Each control component will be subject to evaluation and testing on an annual or more frequent 

basis. 

 
2.2 EMERGENCY RESPONSE 
 
Hazardous conditions may be detected electronically (e.g., by operational parameters moving 

outside expected ranges), through environmental monitoring equipment (e.g., video cameras), 

visually, or be reported by other entities.  Upon detection of a hazardous condition, Snohomish 

will evaluate the condition and current operational parameters, and will initiate Project shutdown 

unless the hazard can be immediately circumvented.  Following any shutdown event, Snohomish 

will engage in emergency communications and reporting, as detailed below.  
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2.3 EMERGENCY COMMUNICATION AND REPORTING 
 
Within 24 hours of any incident that has caused a hazard to navigation, safety risk, damage or 

injury to the public or their property or injury or mortality to marine mammals or endangered or 

threatened species, Snohomish will notify concerned Government agencies, including the US 

Coast Guard, the US Army Corps of Engineers, the National Marine Fisheries Service, the US 

Fish and Wildlife Service, the Washington Department of Fish and Wildlife, the Washington 

Department of Ecology, and Island County.  Within seven days of any such incident, a written 

report will be issued and filed with the Federal Energy Regulatory Commission (FERC) that 

details the incident, the measures that have been taken to neutralize the cause of the incident, and 

a plan to prevent its future recurrence. 

 

No later than 7 days after becoming aware of any such threat or incident, or on any alternative 

schedule specified by FERC, Snohomish will file with FERC a written report on the condition 

affecting the protected species, other environmental resources, the public, or property. The 

written report, in addition to any information required by FERC at the time of initial contact, will 

include the following: 

  
■ The location, date, time, and causes of the condition to the extent known;  

 

■ A description of any unusual occurrences or operating conditions preceding the 

condition;  

 

■ An account of any measure(s) taken to immediately alleviate the condition;  

 

■ A detailed description of any injuries or mortalities of ESA-listed or MMPA-protected 

species, or any adverse effects on other environmental resources, the public, or property 

as applicable;  

 

■ A detailed description of the measures recommend by the agencies and tribes; and  

 



 

Draft Safeguard Plan  Page 5 

■ A detailed description of the measures or actions that will be taken to prevent further 

such occurrences. 

 
3.0 NAVIGATION SAFETY PLAN 
 
3.1 OVERVIEW 
 
The Project presents little to no hazard to navigation safety.  Significant shipping occurs through 

Admiralty Inlet, especially for shipping traffic for the ports of Everett, Seattle, Tacoma, and 

Olympia.  Admiralty Inlet supports substantial Navy traffic and is traversed by a ferry route: the 

Port Townsend-Keystone ferry runs between Port Townsend and Admiralty Head on Whidbey 

Island.  The Project installation site is outside all shipping lanes and ferry routes. 

 

 
Figure 3.1-1.  Shipping and ferry lanes in Northern Admiralty Inlet (PSWQA 1992). 
 
 
Northern Admiralty Inlet has been closed to commercial fishing since 1987 (personal 

communication, B. Polagye, University of Washington with J. Jordan, WDFW, 2007), though it 

is within the accustomed fishing areas of several tribes.  Recreational anglers use hook and line 

from piers, private vessels and charter boats (Palsson et al. 1998).   Sportfishing for salmon, 

sturgeon and other marine fish is a popular activity throughout Puget Sound.  Fort Casey State 
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Park is located next to the project and includes an underwater marine component.  Marine 

activities in the park include boating, fishing, and diving.  Diving within Northern Admiralty 

Inlet is primarily near shore (Polagye et al. 2007) and is not expected to conflict with the turbine 

deployment location. The wreck of the SS Governor is occasionally visited by advanced divers; 

however the wreckage is located well outside of the Project area (3-4 miles to the northwest). 

 

Snohomish has engaged in consultation in regard navigational safety with public and private 

interested parties, including the US Coast Guard, the Puget Sound Pilot’s Association, the US 

Army Corps of Engineers Navigation Division, the Washington Department of Ecology, 

American Waterways Operators, and the US Navy.  No substantive navigational concerns related 

to the Project have been brought to Snohomish’s attention.    

 

The Navigation Safety Plan presented here is intended to be consistent with the US Coast 

Guard’s Navigation and Vessel Circular No. 02-07, which provides guidance on Coast Guard 

policy in regards offshore renewable energy installations.  The Circular states in part that 

navigation risk assessments for such installations should describe the installation’s effects on 1) 

visual navigation and collision avoidance, and 2) communications, radar, and positioning 

systems.  In addition, the Circular states that a project proponent should describe plans for 

marine navigational marking of the project and surrounding area.  Each of these is discussed 

below.  

 

The purpose of the Navigation Safety Plan is to protect the public and Project facilities from such 

events as collisions between commercial and recreational vessels and in-water Project facilities; 

entanglement of fishing gear, anchors, dredging equipment, or other underwater devices that may 

damage or become entangled with Project transmission, anchoring, and mooring lines; and 

electrocution.  In the event they occur, any such event will be treated as a public safety hazard to 

be addressed through Snohomish’s Public Safety Plan. 

 
3.2 NAVIGATION AND COLLISION AVOIDANCE  
 
The turbines will be deployed outside of shipping lanes and ferry routes.  Although tugs and 

barges commonly use the waters outside the shipping lanes (as do ferries and other large vessels, 
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on occasion), Project turbines will be deployed at sufficient depths to allow for acceptable 

navigational clearances even for deep draft vessels.  Navigational clearances for the installation 

of a 10-meter diameter OpenHydro turbine are presented in Figure 3.3-1 for the 58-meter water 

depth measured at the deployment site.  The maximum draft for ships traveling outside the 

Admiralty Inlet shipping lane is 6 meters (Polagye et al. 2007; personal communication, Richard 

McCurdy, Puget Sound Pilots, 2007).  The maximum device height off the seabed is 15 meters.  

This will ensure a minimum clearance of 37 meters for passing ships or tug cables (Figure 3.3-1).  

Because this does not present a navigational hazard, no marine exclusion or avoidance zone is 

proposed. 

 

Turbine and cable installation, maintenance, and removal will require barge, tug, and personnel 

vessels to operate in the Project area for periods of up to six days.  All such vessels will comply 

with the International Rules for Preventing Collisions at Sea (COLREGS) in markings and 

operation. 

 
Figure 3.2-1.  Clearance over installed turbines and turbine foundations. 
 
 
3.3 COMMUNICATIONS, RADAR, AND POSITIONING SYSTEMS 
 
The Project will be deployed at depth and is not expected to affect any communications, radar, or 
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positioning systems.  No concerns regarding these systems have been raised by marine users, the 

US Navy, or the US Coast Guard. 

 
3.4 MARINE EXCLUSION ZONE 
 
No specific aids to navigation are proposed in relation to the Project.  However, Snohomish 

anticipates that the Project will warrant a marine exclusion zone so as to ensure that vessel 

anchors and commercial fishing gear do not become entangled with or on Project features.  This 

exclusion zone would consist of the immediate area of, and between, the two turbines, as well as 

the immediate area around the cable route.  Transit of fishing and other vessels would not be 

restricted.  Snohomish will further coordinate with the USCG to mark the installed Project, the 

associated exclusion zone, and the cable route on electronic and other navigation charts.  Such 

chart demarcation will alert boaters that recreational and commercial fishing and anchoring of 

vessels is not permitted.   

 

Commercial fishing does not currently occur in the Project vicinity.  In addition, The US Coast 

Guard discourages vessels from anchoring in Admiralty Inlet.  As a result, the effect of this 

exclusion zone is expected to be negligible. 

 
4.0 EMERGENCY SHUTDOWN PLAN 
 
Through its Project controls and environmental and Project monitoring efforts, Snohomish will 

monitor for unusual or unsafe Project conditions or operating parameters, including Project-

related conditions likely associated with unauthorized injury or mortality to species listed under 

the Endangered Species Act (ESA) or afforded protection under the Marine Mammal Protection 

Act (MMPA), as well as incidents or conditions representing hazards to public safety.  In the 

event that Snohomish identifies any such conditions, the Project will be shut down.   

 

Following Project shutdown, analysis and decision on immediate measures will be made by 

Snohomish and reported to FERC and public agencies as outlined in the Public Safety Plan.   

 

Emergency shutdown procedures will consist of the following: 
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■ The electrical brake will be engaged on the unit(s).  The electrical brake is capable of 

effectively ceasing turbine rotation within approximately one second, and generation 

ceases in this time as well.  

 

■ The subsea systems will be electrically isolated from the grid.   

 

■ Snohomish will implement these measures remotely from either the control center or the 

shore station.  Snohomish will describe these measures in the above referenced written 

report to be filed with FERC, agencies and Tribes.  

 

■ Snohomish will consult with FERC, local, state, and federal agencies, and tribes in 

regards the need for Project removal.  Until these consultations are complete, the Project 

will remain shut down.  In the event that project removal is warranted, Snohomish will 

implement the Project Removal Plan. 

 
5.0 PROJECT REMOVAL PLAN 
 
The Project will be removed prior to FERC license expiration.  In this circumstance, initial 

removal activities (e.g., ordering barge deployment) will begin no later than six months prior to 

license expiration, to ensure that removal is completed on time.   

 

In addition, Project removal may be initiated by FERC or Snohomish following assessment of 

situations that prompt emergency shutdown. 

 
5.1 TURBINE AND FOUNDATION 
 
Project turbines and foundations will be removed by reversing the installation process. The 

OpenHydro Installer barge will be transported to Project area waters, anchored, and the turbines 

winched to the surface for transport to shore.  Because the turbines are not fixed or anchored to 

the seafloor, the process is straightforward and requires little to no site disturbance. As with the 

installation process, turbine removal is completed within one tidal cycle. 

 

The following vessels are required to recover the OpenHydro turbines: 
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■ Installation barge; 
 
■ Tug with 50 metric or greater rated bollard pull; and 
 
■ Personnel transfer/safety boat. 

 
The turbine system is designed such that each turbine can be raised without disturbing the other 

turbine. Slack service cabling provides for removal of either turbine to the surface.  Lifting 

cables from the barge will be attached to the subsea base in-situ using a specialized turbine 

recovery tool which has been designed and built by OpenHydro.  The turbines will be electrically 

disconnected and disabled on-site.  Once secured to the barge, the turbine and foundation be 

towed to a suitable dockside location where the turbine would be removed from the subsea base 

for maintenance.  A dockside location has not yet been selected for unloading the turbines for 

refurbishment, though a number of suitable facilities occur in Puget Sound.  It is anticipated that 

the majority of the work would be carried out at an operations base situated locally to the site and 

using locally employed labor. 

 

In the event that turbine and foundation removal is required before the OpenHydro Installer 

Barge can be relocated to Admiralty Inlet, Snohomish will contract with a commercial barge to 

perform the work.  Each turbine and foundation combined weigh approximately 360 metric tons, 

within the work range of commercial barges that are typically deployable to the Project area 

within one week. 

 
5.2 SUBSEA CABLING 
 
In the event of Project removal, the main subsea cable will be cut and removed at the HDD entry 

point using a combination of surface vessels and divers.  Horizontally drilled sections of the 

cable will be left in place so as to minimize site disturbance.  Between-turbine cables will be 

removed during or following removal of the turbine and foundation. 

 
5.3 SHORE-BASED FACILITIES  
 
Project shore facilities are contained within existing developed areas and local Project controls 

are contained within an exiting on-shore building on Seattle Pacific University property.  No 
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currently-undeveloped areas on shore are to be disturbed during Project construction, 

installation, or operation.  In the event of Project removal, Snohomish will advise Seattle Pacific 

University of its decommissioning plans and remove all equipment according to the terms of 

existing agreements between Snohomish and Seattle Pacific University.  Trenched cabling to 

PSE transmission will be left in place so as to avoid ground disturbance. 
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