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11 Summary

Fisheriegmonitoring hydrographic informationand passive acoustic monitori(f/gAM) wereundertaken

in order tohelp assess the potential for environmental impacts resultingafngifiature deploymend of

wave energy converters offshore of the community of Yakutat, Al&&kautat is a community along the
northeast coast of the Gulf of Alaska thas been identiéid as a locale for thatilization ofrenewable,
wavebasecelectricity generation in order to lessen their reliance on diesel fuel for electricity generation
(Previsic and Bedard, 200®Bottommountmoorings instrumented with Acoustic Doppler Current
Prdilers, Conductivity/TemperaturdPressurdoggersand turbidity sensoras well as hydrophone
packages for ambient noise were deplogettiree depthdesignatedghallow(15m), mid anddeep(25m

and 40 m) over 15 months from late June 2018 teSeiptember 2019New topobathymetric, fisherigs
hydrographic and PAMata sets wergatheredromthe regionthatcanserve as a baseline upon which to
assess impacts to protected species and/orteddest habitat of any future marine energy projects in the
region. One notable gap that remains is a lack of understanding of the connections between marine
mammal, fish and water mass distributions at this site. Further study is required to devetep a m
comprehensive understanding of how these factors are interrelated. Current regulatory processes,
timelines and lessorlearned from the permitting of other marine energy projects, including one in
Alaska, are summarized as weélk noted elsewhere ihe report, there is also a lack of studies on the
potential for fish injuries by WEC®verall, this and other related work (e.g. Tschetter et al., 2016;
Chamberlain, 2021) provide a wealth of informationfuturewaveandtidal energy projestin Yakuta

or otherAlaskacoastal commurigs

1.2 Marine Mammals and AcousticMonitoring

1.2.1 Introduction

Yakutat, Alaska, is on the outer coast of the Northern Gulf of Alaska stretching from Cape Spencer to
Cape Suckling. This region hosts numerous marine mamthelgih there is relatively little quantitative
information about their seasonal abundance and significance to the ecosystem. There are few baseline
data on the occurrence of marine mammals that occur in the Yakutat region with the exception of
information onpinnipeds, for which a robust research program led biN#t®nal Marine Fisheries
Serviceds ( NWMadrlheSNamika ltabomtorNMML) in Seattle, has been @oing (Jansen

et al, 2018). This research includes aerial surveys for Steller sea Eonsafopia jubatus) and sea

otters Enhydra lutrg and aerial, shipboard and tagging studies of harbor s&aed vituling.

Only two broadscale surveys focused on cetace&rsof! Reference source not found) have been c
arried out in this region, in 1993 and 1997 (NMML unpublished data), and only during June and July over
the course of -B days. These limited data show that multiple cetaceanespectur offshore heréin
(Balaenoptera physalyshumpbackMegaptera novaeangliagegray (Eschrichtius robustysminke (B.
acutorostratd, sperm(Physeter macrocephalykiller whales(Orcinus orcg, harbor(Phocoena
phocoenaa n d [Rhbcbeddales dallporpoisesn additionto a resident subpopulation of beluga
whales(Delphinapterus leucaghat inhabits the northern area of Yakutat Bay (Laidre g2@0Q

O 6 C oCrawg 2008 Lucey et al.2015 Castellote et al2015). Additionally, opportunistic data
include a sighting of four North Pacific right whalgsibalaena japonicain 1979 which is one of very
few sightings of this endangered species outside of the Bering Sea (Shelde20863l.A shorterm
projed in Monti Bay in 2016 detected sea otters, harbor porpoise and a single sea lion (Bagon et al.
2016).In addition to these other studies, the City and Borough of Yakutat deployed several passive
acoustic sensors including 2 echolocation loggerBQDs W) and 2 EARs between 2014 and 2015 in
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conjunction with the wave resource assesswenk described by Tschetter et al., 20R&scue and
analysis oftheseearlier data are described further in Secfich2.1

Though species occurrence has been measured only during a narrow window, these surveys suggest a
high diversity of marine mammals near the proposed Wave Energy Converter (WEC) project site off the
coast of Yaktat, Alaska. These surveys suggest that the proposed location of the WEC does not directly
overlap harbor seal or sea lion haul outs, sea otter areas, or cetacean hot spots, though the general area is
likely to be used as a transit corridor and could tfaxge seasonally high densities of some species. Some
of the highest numbers of harbor seal in Alaska occur in the surrounding areas of Disenchantment Bay,
the Alsek River mouth, and Icy Bay. Studies of harbor seal in Disenchantment Bay suggest that the
population using floating ice is not static: large numbers of animals seemingly migrate in and out of the
bay in response to environmental factors such as prey (Jange®006 Janseret al.2010). Itis likely

that seals using Disenchantment Bay pedaltif respond to and capitalize on nearby prey resources,

such as eulachon runs in the nearby Situk, Dangerous, Akwe, and Alsek Rivers (where feeding
aggregations have been observed; Jaasah 2006). If this is the case, they would likely use the area
along the coast and near the project site when embarking on foraging trips from their glacial haul outs to
the river mouths. Seals would also be expected to transit near the project site when targeting offshore
feeding areas.

Steller sea lions occur imgher densities only at the mouth of the Alsek River. Sea lions are also known

to travel long distances to target prey and so may also use the outer coast along the Yakutat Forelands and
near the proposed WEC site for transiting. Sea otters, in cqrarasiot expected to use the outer coastal

areas in high numbers given their restricted range within the bay, theinigeetory nature, and their

low abundance on the outer coast.

Cetacean species observed in the project area are migratagoaadhe Gulf of Alaska twice annually

on their migration to northern feeding grounds in spring and southern breeding grounds in fall (Perrin et
al. 2008). Highly migratory, coastal species such as humpback and gray whales are the most likely to
transit rear or even within the project area. Other coastal species with high probability of being present in
the WEC area are killer whales, harbor porpoises, and belugas. Killer whales have been tagged with
satellite transmitters in 2010 and have been trackesinoay the WEC area and entering Yakutat Bay
(Hanson et al2012). Harbor porpoises are commonly seen in shallow waters both inside and outside
Yakutat Bay (Hobbs and Wajt2010).Opportunistic beluga sightingeve been reported around

Khantaak Island, near Oce@ape in Yakutat Bay, indicating that they could access the WE(Lsitey

et al, 2015)

The data available regarding the presence of marine mammals in the area of the proposed WEC suggests
that therds a high potential for closeinge interactions. Up to 12 different species of marine mammals

have been observed in the area, including several with strong coastal habits (e.g. harbor seal, Seller sea
lion, humpback whale, gray whale, killer whale, belwghale and harbor porpoise). The available data is
limited to opportunistic sightings and summer aerial surveys, therefore there is no information regarding
seasonal trends in abundance or distribution of these species. In order to properly docunwantaly p
displacement effect due to the presence of the WEC in the proposed site it is important to identify the
natural variability in marine mammal presence for that particular area. The only way to characterize
marine mammal seasonality and its variébik to continuously monitor their presence for multiple

years, a condition that is hardly met anywhere for such a difficult animal group to study.

Passive acoustic methods are currently the mostetfesitive way to monitor the occurrence of cetaceans
over broad temporal scale (Mellinger and Barl@@803). The distribution and seasonal occurrence of

most cetacean species are poorly understood. This deficit is due to several factors, including the difficulty
of detecting them by sight, the high cost perating survey ships or aerial surveys in remote habitats,



and, for most species, their feanging seasonal movements. Inferences drawn from these techniques are
limited by weather, daylight, short sampling periods, and animal surfacing behavior. A4sieep

acoustic techniques are also limited by behaiviorthat they sample only calling or echolocating

animalsi they can be used 24 hours a day yeamnd and are generally independent of weather

conditions. These methods have been very successiylied in different regions of Alaska.g.,

Stafford 2003, Moore et al2006, Stafford et §12010). Continuous, muljear acoustic data can

provide information on the presence over the year of cetacean species within sreettksof the

acoustic mooringd.g.,Stafford et al.2007). The acoustic repertoires of most cetacean species kmown
occur near Yakutat are distinct enough from one another to be identified, therefore passive acoustics
methods at the WEC site would provide cetacean seasonality as well as the species composition.

Passive acoustics data can also be used to isolat@alydeathe sound of any WEC operating under
different wave regimes. But it is expected that the background noise at the WEC site will mask any noise
generated by the operating WEC devices, based on the high natural noise level from the nearby active
wave leach front. However, onsite acoustic recordings before and after the installation of the WEC array
are needed to confirm this hypothesis. By collecting and analyzing an acoustic dataset, the potential for
noise impact on marine mammals and fish and theatiyatential risk from the presence of the WEC in
Yakutat can be estimated. Furthermore, this unique longgenes of acoustic data can better inform the
limited worldwide set of noiseharacterized wave devices. Because marine mammal seasonalgiesenc
variable from year to year, monitoring the proposed WEC site requires identifying natural variations in
seasonal presence.

Therefore, the primary objective ofettmarine mammal portion of thisudy was to provide a better
understanding of the biotand abiotic underwater acoustic environment near and adjacent to the area
proposed for a wave energy converter. To accomplish this objective, Resdyed andvaluated
rescued”AM data collectedh the region betweeNovember 2014 to April 20152) Instrumented

bottom landemooringswith hydrophone packages to determine the seasonal presence of vocal marine
mammals; 3Pescribel the abiotic seasonal soundscape of the study arémdertook a literature

review of references that provide informatiamtbe sounds produce by WE®) Evaluated information



on entanglement rates for marine mammals in the region to provide insight into the potential for
interactionsof marine mammals and WEC.
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Figure 1. Map of marine mammal sightings from National Marine Mammal Laboratory surveys in
the northern Gulf of Alaska showing species seen in the Yakutat area. The small gridded area
indicates the study area for the current study.

1.2.2 Methods

1.2.2.1 PAM Data Rescue

In an attempt to retrieve acoustic data collected as part of a previous sau@jtytand Borough of

Yakutat was contacted to find instruments that were deplogedeerNovember2014and April 2015

Two CG-PODs v0 and 2 EARs wetecatedby UAF inaCity and Borough ofakutab s st or age f aci
and were shipped to tidMML in Seattle in November of 201Both GPODs had leaked in their last

deployment destroying the internal electroni€g(re2). There were no memory cards in either



instrument, nor was there any indication of where they migktdred howeverseeing the conditions of
the electronics it is likely that the-BOD data were lost.

Figure 2. Images of the two C-PODs.

Images show the housing rusty interior of the two C-PODS found in storage at the City and Borough of Yakutat
building in November 2017. Rust was likely caused by a leak during deployment.

The two EARs were in good condition, and data from their hard drives were extracted and data
downloaded. The data log indicated both EARs were programmed on a duty cycle of 45 seconds on every
5 minutes in stantby. The instruments sangal at a rate of 25 kHz. One EAR started on 29 May 2014

and stopped recording on 2 November 2014. The second EAR contained only a few files corresponding to
29 and 30 May 2014 suggesting the instrument stopped recording before it was deployed. Inspection of
the data from the EAR that recorded suggests this was deployed on 3 June and recovered on 23 October
2014.Based on emails and documentation found from the-2015 effort, we think this EAR was

deployed together with aacoustic Doppler current profil@ADCP) and aSeabird SBE37
Conductivity/TemperaturBepth(CTD) sensolatthe PAMNIocation(Tschetter et al., 2016)he same

location as theDM sitein this study(59.472°N, 139.732°W)l'here was also apparentyprior

deploymenbf one mooring from Deember 2013 to May 201{ata from that period were never found.

1.2.2.2 Collection of New PAM Data Through Mooring Deployments

Three oceanographiibottoml ander 6 moorings wer €8 2088dThedlyeed bet wee
moorings, named shallow, mid, and deagdd on their deployment depths of 15 me&5sneters, and

40 meters and designated SM, MM and DM, respectively. These moorings were deployed twice; the first
deployment in June 2018 and the second in October 2018. All of the sensors were attachedkeith b

toaTel edyne Ocean Science fAsea spidero fiberglass r
mounted together with three stainless steel brackets and eyebolts attached to the center of the frame. 50
pound lead weights are attached to thedmotof each leg of the sea spider franTd® bottom landers at

25m (MM) and 40 m depth (DM) were each instrumented with an echolocation log¢[DC Chelonia

Ltd., UK) and a sound recorder ($5D0STD, Ocean Instruments, NZ). Téeholocation logger covered

the frequency range of 20 kHz to 160 kHz and recorded the presence of click trains in this frequency band

and the recorder covered the range 1€PAHkHz and collected data on a duty cycle of 10 minutes every

30 minutes (20 mirtes total per hour). This approach allowed us to cover the full bandwidth of acoustic

signals from all cetacear($0 Hz to 160 kHz)



Figure 3. The shallow mooring, SM.

The shallonmooringwas equipped with a Nortek Vector 300 meter ADV, a Teledyne RD Instruments
Sentinel V20acoustic Doppler current profiler (ADCRjth external battery case, two SBad
Electronics(SBE)ECO-NTU SB Turbidity sensors, 8BE 37-SM MicroCAT CTD sensoy anda

Teledyne Benthos R500 acoustic rele@dgure3, Tablel).



Table1).

Figure 4. The mid mooring, MM.

The mid mooring was equipped with a Nortek Vector 300 meter ADV, tweB8dcElectronics ECO
NTU SB Turbidity senars, a SBE 3 BM MicroCAT CTD, a echolocation loggeOtPOD), a longterm
acoustic recorder, tH&T-500STD(Sound TrapQcean Instrumentgnd a Teledyne Benthos R500
acoustic releasd-(gure4, Tablel).



Table1).

Figure 5. The deep mooring, DM.

The deep mooring was equipped witNartek Vector 300 meter ADV with a Campbell Scientific OBS

3+ Turbidity sensor, a Teledyne RD Instruments Sentinel V50 ADCP with external battery case, an RBR
concertd Tu CTD, a GPOD, aST-500STDand a Teledyne Benthos R500 acoustic relefigeies,

Tablel).



Tablel). The moorings were first deployed on Jun# 28d 29" of 2018(Table1l).



Table 1. Instrument serial numbers

and deployment and recovery times for each of the moorings.

Mooring | Latitude Longitude Deployment Recovery Time | ADV Turbidity SNs CTD (Model | ADCP Depth (m)
(°N) (°E) Time (UTC) (UTC) SN and SN)
SM 59.472167 | -139.729933 | 06/28/2018 10/07/2018 14520 SBE ECONTU SBE37- 153 14.6
21:47:19 UTC 23:15:00 UTC 751 & 752 16854
MM 59.474336 | -139.746501 | 06/29/2018 10/07/2018 11074 SBE ECONTU SBE 37 NA 22.3
20:13:51 UTC 23:47:00 UTC 753 & 754 16855
DM 59.465667 | -139.739383 | 06/28/2018 10/08/2018 14521 | OBS 3+ T9381, RBR 66113 | 177 39.6
22:18:05 UTC 02:15:00 UTC SeapoinfTu 15984
Table 2. October mooring deployment and final recovery times.
Mooring | Latitude Longitude PE) | Deployment Time | Recovery Time ADV Turbidity Make and| CTD Make | ADCP Depth
(°N) (UTC) (UTC) SN SNs and SN (m)
SM 59.475000 | -139.726667 10/10/2018 Not recovered 14520 | SBE ECONTU 751 | SBE 3% 153 NA
20:15:00 & 752 16854
MM 59.476167 | -139.755833 10/10/2018 Not recovered 11074 | SBE ECONTU 753 | SBE 3% NA NA
19:58:00 & 754 16855
DM 59.465200 | -139.747133 10/10/2018 09/27/2019 14521 | OBS 3+ T9381, RBR 177 NA
17:21:00 21:50:00 UTC Seapoint Tu 15984 | 66113




Mooring recovery occurred on Octobét, 2018. The moorings were out of the water for three days to
recover the data off the instruments, replace batteries, and remove biof&iding6).

Figure 6. Shallow and mid mooring on October 7, 2018 post-recovery.

The moorings were redeployed on October 10, 2D&ployment and redeployment locations are shown
in Figure?.

Legend
- June
f .o
& Yakutat Auport

Figure 7. Mooring deployment locations.

The Situk River estuary is clearly visible in the southeast corner of the image.

In November of 2018, the acoustic releasetfie shallow mooring was recovered by a fisherman in
Yakutat after he snagged it ~7 miles from the deployment location. A recovery effort for the Yakutat
moorings was made in June of 2019. Researchers went out on the F/V Quest and used the Teledyne deck

3



box and transducer to attempt to communicate with the acoustic releases on the mid and deep mooring.

No communication was establishedtht he mi d mooring. The deep mooring
communicated back but the buoy did not surface. Researchetstspenxt two days towing an

EdgeTech 4125 Series Dua¢quency Side Scan Sonar System over the three mooring deployment

locations. A metal grappling hook was also used to drag the ocean floor where the deep mooring was
deployed in an attempt to snag theoring. In total, researchers spent three days attempting to recover

the three moorings. None of the moorings were recovered in June of 2019.

Another recovery attempt was made2¥hand 28eptember 2019. Alaska MariRespons¢éAMR)

were contacted andwo divers traveled to Yakutat to aid in locating and retrieving the moorings. The
Yakutat resident who snagged the shallow moorings acoustic release talked to researchers at the Yakutat
harbor anddentifiedthe area where the release was snagged. The side scan sonar system was used again
in a second attempo locate the moorings, including the last known area of the shallow mooring. After an
unsuccessful attempt to locate the shallow mooring, the boatiteadgy to the deep mooring

deployment location where the acoustic release and buoy were on the surface. The deep mooring was
recovered or27 September 2019. The AMR divers dove twice on potential mid mooring locatigins

the mid mooring was not located.

In the nextsectionwe discuss th®AM sensorsthe ST500STDs and the-®ODs The Ocean

Instruments Sound Trap SSD0STDinstruments are small, lightweigahdcapable of sampling at high
frequencie®n duty cyclesexceeding monthghttps://www.oceainstruments.co.nz/product/soundtrap
st500std)). Each instrument is individually calibratadlowing for absolute sound levels to be calculated
over time.C-PODs are clickdetectors whiclmave been developed and extensively tested to detect
odontocetes (&stellote et a]2015).The physical oceanograph&ensors on the moorings are discussed
further in Sectiorl.5.2

1.2.2.2.120187 2019PAM Equipment, Settings, andDeployments

As described above, initial theawringrecovery occurred in October 2018, adldthree moorings were
recovered at this time.ddever the ST-500STD fromthe MM mooringleaked and data were lost. Both
C-PODs sampled the entire deployment period at thatiDM and MMmoorings Instruments were
serviced (the leaked S300STD was replaced) and redeployed in October ZH&8 DM mooringwas
successfullyecoveredn October2019 but theMM mooringwas never found. The S300STDfrom the
DM mooringrecorded from October 2018 to August 2019. TRR@D from the DMmooringhad data
from October 2018 until 24 April 2019, when the batteries ran out.

The ST500STD was programmedrfthe JuneOctober 2018 deployment with a duty cycle of 10 minutes

on every 30 minutes at a sampling rate of 48 kHz These settings were optimized for maximum usage of
memory and power. However, this duty cycle resulted in an overlap with the ADCP sapeplodythat

was active for 17 minutes at the start of each hour. For the overwinter deployment (October 2018 to June
2019) the duty cycle was modified to 30 minutes starting at minute 25 of each hour to avoid any overlap
with the ADCP sampling. Also, becsaithe 2018 deployment showed less memory usage than

anticipated (sound files are compresset compression rate depends on noise conditions of each

site)the sampling rate was increased to 96 kHz to maximize memory and power usage for the overwinter
dedoyment.

1.2.2.2.22018i 2019Data Analysis
C-POD data were analyzed usinfPQOD. exe ver sion 2. 043, using the de

Mod train quality,o fiall cetacean species, 0 unmod
only exclucé doubtful and low quality click trains, which could include false detections, particularly in
noi sy conditions. We manually validated all the 0
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peak click frequency in the POD.exe analysis window wiima resolution of 100 ms (screen pixel

width matching 100 ms in duration) which typically gives a screen window of 2 to 3 min in length
(depending on the display size). Click train type classification (narrowband high frequency clicks, termed
NBHF by CPODexe to refer to porpoise species, or other cetacean clicks) was also manually validated
for each click train in the POD.exe analysis window based on considerable differences in peak frequency
and click bandwidth among the echolocation clicks of killerlegydacific whitesided dolphins
(Lagenorhynchus obliquidensind harbor porpois€éu et al., 2004; Simon et al., 2007). OuPOD

manual validation analysis permitted the exclusion of multiple false detections caused by noise, which
were easily recogned by the broad frequency coverage and lack of coherence in temporal scale, peak
frequency, and pulse bandwidth.

Table 3. PAMGuard whistle and moan detector parameter settings used to detect cetacean calls in
the ST-500 STD data.

FFT parameters FFT length = 4096

FFT hop = 2048

Window type = Hann

Sample rate = 96 kHz

Time resolution = 42.67 ms
Frequency resolution= 23.44 Hz

Time step size =21.33 ms

Noise and thresholding | Median Filter length = 61
Average Subtraction = 0.02
Gaussian Kernel Smoothing = on
Threshold = 7.0 dB

Detection connections | Minimum Hz = 50

Maximum Hz = 12000

Type = connect 8 (sides and diagonals)
Minimum length = 5 time slices
Minimum total size = 50 pixels
Crossing and joining = Rénk acrosgoins

Max cross length = 5 time slices

ST-500STD data were analyzed using a saaotbmated detector for social signals (i.e., moans, calls, and
whistles), specifically the whistle and moan detector implemented in PAMGuard software version 2.00.14
beta (htps:// www.pamguard.org/), following the configuration detaile@able3. Fin whale

(Balaneoptera physalyisignals were detected using a spectrogramretator in the program Ishmael
(Mellinger, 2001).

The whiste and moan detector implemented in PAMGuard was set up with a relatively low classification
threshold (whistle and moan detector v2.00.14 Beta, threshold = 8 dBalsied) to reduce the risk of

missing low amplitude cetacean signals at the expense of triggering false detections, due to wave action
or anthropogenic noise. In order to detect fin whale signals, wave data were decimated to a sampling rate

5



of 2000 Hz, an@nalyzed using the spectrogram correlation detector in Ishmael (v8m8ignfollowing

the configuration detailed ihable4. PAMGuarddetection results were manually validated through

visual and aural inspection of spectrograms in PAMGuard Viewer Mode, and Ishmael detections in

Raven Pro (version 1.6) and labeled as either a true detection and species class, or false detection and its
source when known (i.e., waves, seismic airguns).

Table 4. Ishmael spectrogram correlation detector parameter settings used to detect fin whale
notes in the ST-500 STD data.

Spectrogram parameters | Frame size: 64 samples

Zero padding; 1x

Hop size: 1/8x

Window type: Hamming
Contour width: 1 Hz

Start/End times: 0/8.s
Start/end frequencies:35/19 Hz

Detection options Smoothing time constant: 0.6 s
Detection threshold: 0.7
Mi n/ Max duratio

Detection neighborhood: 5 s

We estimated cetacean presence for each species on a-hymieute basisSpecifically, any minute in

which moans, echolocation click trains, calls, or whistles were detected, by either data from the ST
500STD or GPOD, was categorized as a detection positive minute (DPM). As such, a DPM could

include a single type of signal, op to 3 types (echolocation, calls, and whistles in the case of killer

whales), and could include signals at different rades. @ single call or many calls). This DPM approach
reduced behavioral effects when quantifying cetacean presegcayoidel using number of signals as

a metric of presence). Seasonal occurrence was described with daily DPM time series of each acoustically
active species.

Noi se analysis was computed using the Matlab tool
Lab's Cater for Conservation Bioacoustics (Dugan et2f)11). Data were processed to obtain fully

calibrated spectral contents irhbur averages for the band 20 Hz 24 kHz for the full deployment period.

The hour before and after deployment/recovery ofberingswas excluded to avoid the contribution of

the research vessel noise. Laegm spectrogram averages (LTSA) were computed to provide a visual
representation of the full deployment period. Sound pressure level (SPL, dB rms re 1uPa) for the band 20

Hz to 24 kHz, and spectral percentiles were calculated for the entire deployment period. Results were
aggregated on a monthly basis to report monthly metrics.

In order to correlate brodahnd noise levelséund pressure levelith wave height and wind speeal,
regression analysis was completed with wave height obtained from the ADCP ttiet®&t mooring

and wind speedVind data were downloaded from ECMWF ERAS reanalysis dataset from the years
2009- 2019 A subset of the data was used from 202819 at lhe closest gridoointto the study areat
595°N, 13975°W.



1.2.3 Results

1.2.3.1 20147 2015PAM data

These data were processed to obfaiarly sound pressure levels (SPL, dBrms re 1pPa)ampdoducea
long-term spectrogram average plot for an initial exploration of the data quEtiyré8).
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Figure 8. Data from the EAR.

Upper panel: Long-term spectrogram of EAR data from June 3rd to October 23rd 2014. Lower panel: SPL for the
frequency range 10 Hz 12.5 kHz.

Data analysis showed no signs of obvious interference by other mooring instruments (i.e. 0ABEP)

noise caused by the mooring system. Closer inspection of periods of elevated noise levels confirm these
are caused by breaking waves during stormy weather. The full band spectral content allowed an
evaluation of the amount of flow noise generdigdhe cyclic wave movement in the deployment area,

and it was concluded that a flow shield would be beneficial for the recorders in this project. SPL levels
ranged from 100.5 dB to 138.2 d& 1nPa @ 1 min conclusion, only onasable dataset was obtaid

from the 2014 effort in Yakutat. The initial exploration of these data sughestsare periods of usable
quality for noise description and marine mammal detection.

1.2.3.2 20181 2019PAM Data

1.2.3.2.1CetaceanSeasonalOccurrence

Five cetacean species were ideatifin the data. Humpback whal&sgure9), fin whales Figure10),

killer whales Figure11), Pacific whitesided dolphinsKigure12), and harbor porpoiseEifure13).

Humpback whale detections inckdifeeding calls, moans, and song notes. Fin whale detections

including short sequences of 20 Hz notes, downsweeps and song sequences composed of both classic and
backbeat note types. Killer whale detections incluckdls, buzzes and echolocation, Pacifibite-sided
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dolphin detections included whistles, and harbor porpoise detection were composed 40 kBx
clicks and buzzes.

1
I

Figure 9. Spectrogram with humpback whale bubblenet feeding calls recorded 19 June 2019.
Frequency is shown on the y-axis from 0-1500 Hz and time on the x-axis from 0-55 s.

Figure 10. Spectrogram with fin whale song sequence composed of classic and backbeat notes
recorded 24 December 2018. Frequency is shown on the y-axis from 0-90 Hz and time on the x-
axis from 0:00-11:40 min.



o

8 v w 2 0 @ v~ @ ©

kHz

Figure 11. Spectrogram with killer whale detections. Upper panel shows a series of killer whale
calls with no echolocation recorded on 9 August 2018.Frequency is shown on the y-axis from 0-
24000 Hz and time on the x-axis from 0-60 s. Lower panel shows killer whale detections with calls
and loud echolocation recorded on 6 July 2018. Frequency is shown on the y-axis from 0-24000 Hz
and time on the x-axis from 0-42 s.
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Figure 12. Spectrogram with Pacific white-sided dolphins on 13 June 2019. Note that the impulsive
high frequency signals are the ADCP emission ticks, not marine mammals. Frequency is shown
on the y-axis from 0-24000 Hz and time on the x-axis from 0-21 s.

kHz

kHz

Figure 13. Clickogram (C-POD.exe screen) of harbor porpoise clicks (red lines) centered at 140
kHz detected on 9 July 2018.

Additionally, airgunpulses were detected for several dsigsting on 8 June 2018igurel4). A

geophysical experiment seismic survey was identified off Kodiak Islamdspmnding with the dates of

the detected activity (8th to 23rd of June 2019), as well as the airgun interpulse interval of 155 s (atypical
for commercial geophysical sun@yThe source of these airgun signals waimated to be ~1014 km

away from théhydrophone locatiobased on the location of the source vessel for the days and times
detected, obtained in technical reports from this geophysical expefiBaoheck et al., 2020; Moore et

al., 2020)
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Figure 14. Spectrogram with four airgun pulses with an interval of 155 s.

Humpback whales were commonly heard throughout the year and the signals recorded included social
calls, bubblenet feeding calls, asohg(Figure15A). We did not distinguish among the call types in

Figure15A as the purpose of this syut to determine when in the year these species occur. The

presence of feeding calls suggests that schooling forage fish, such as herring, are common in the area. Fin
whales were also surprisingly numerous with fin whaldH2Gsong detected primarily dog winter and
spring(Figurel15). Fin whales are a pelagic speciast we suspect the narrow shelf off Yakutat permits

their signals to be detected oar mooring even if singing individuals might be off the shelf.

Killer whales were recorded surprisingly oftéfigure 15C). We did not distinguish between the diffetren
ecotypes of killer whales but believe both fesditing and mammadating killer whales were detected.

Harbor porpoise were also detected yeamd off Yakutat Figure15D). Interestingly, the occurrence of
harbor porpoise and killer whales appear to have opposite patterns of occurrence. It is likely that mammal
eating killer whales would target harbor porpoise. Finally, a very few detections of whistles of an
unidentfied odontocete, likely Pacific whitsided dolphins, were heard in the region but these were too

few to plot. These signals were heard just a few times in July (4 DPM), August (10 DPM), November (1
DPM) and December (3 DPM) 2018 and January (6 DPM) gnd (8 DPM) 2019.
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Figure 15. Detections of marine mammals from May 2018 to August 2019.

Panel A) Humpback whale detections in minutes per day from October 2018 to July 2019. These signals were
automatically detected using a whistle and moan detector in Pamguard. B) Number of hours per day with fin whale
detections from June 2018 - August 2018. These signals were detected with a spectrogram correlator in Ishmael. C)
Killer whale detections in minutes per day from June 2018-August 2019. These signals were detected using a whistle
and moan detector in Pamguard. D) Detections of harbor porpoise clicks in minutes per day. These data were
collected with a CPOD and the detections derived from software provided by the manufacturer.

1.2.3.2.22018i 2019 Study Area Soundscape

To establish the soundscape for the study area from June 2018 to March 2019, both sourdegrelssu
(SPL in dB re 1 pyPa) and spectral content were computed. SPL averageehouweibins are presented
in Figure16, monthly average SPL and standard deviasgresented ifrigure17, the 50th percentile
(median) monthly power spectral density (dB re Hi#5) is presented iRigure18, and seasonal SPL
results are presented in a bokisker plot inFigure19.
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Figure 16. Sound pressure level (SPL) averaged over 1-hour bins for the frequency range 20 Hz to
24 kHz from 28 May 2018 to 5 March 2019.
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Figure 17. Sound pressure level (SPL dB re 1uPa) and one standard deviation averaged over each

full month for the frequency range 20 Hz to 24 kHz from 28 May 2018 to 5 March 2019 at the DM
location.

The 50th percentile (median) monthly power spectral density (dB re/H#yapresented ifigure 18,
determines which frequency bands predominate by season. The period November to January shows
higher SPL values, particularly below 100 Hz, likely due to an increase in waveyactivi
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Figure 18. The 50th percentile (median) monthly power spectral density (dB re 1uPa?/Hz) for third-
octave levels from June 2018 to March 2019.
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Figure 19. Seasonal SPL results in box-whiskers (whiskers = minimum/maximum, box = first/third
guartile, line = median, cross = mean). Note Spring is truncated (ending on 6 March 2019) due to
the instrumentdéds clock drift and i ntgonTMarch2t9% produced

To determine the acoustic contribution of storms (wind and waves), we compared broadband acoustic
SPLfrom the DM sitewith surface wave height and wind spe8drface wave data were collectaetthe

DM site witha TeledyneSentinel VS50ADCP. Time series of significant wave height (Hs), peak wave
period (Tp) and water temperature were recorded in hourly bilitsésprocessing is described in detail in
sectionl.5.3.3 Wind data (m/s) were downloaded from ECMWF ERAGS reanalysis dataset from the years
20091 2019. Wind speed vectors were derived from the northing and easting vectors from the native data
format. A subset of the data was used 20081 2019 at theclosest grigoointto the study ared9.5°N
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139.75 °W Correlation analysis between the hourly SPL noise level and wave height and wind speed are

presented ifrigure 20.
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Figure 20. Correlation between wind speed and SPL (top panel) and wave height and SPL (bottom

panel) for the first and second deployment periods.

Not surprisingly there was &orrelation between wind speed and SPL and wave height and SPL (wave
height being highly related to wind speed) during the-ayiater deployment. The first deployment,

which went from the end of June until early October,

was surprisingly calm for thef@uéska but

surprisingly was louder on average than the overwinter period. The mean broadband SPL for the first
deployment was 74.5 dB (std 4.2, range 6286.2) and wind speeds ranged from 0.1 m/s to 11.8 m/s
(mean 3.12 m/s std 1.83). During the setdeployment, for 10 October 2018 March 2019 (the period

for which we had reliable broadband noise levels) mean broadband SPL was 79.7 dB (std 4.9 dB, range
70.7 to 108.1) and wind speeds ranged from 0.1 m/s to 17 m/s (mean 4.6 m/s std 2.8).

1.2.3.3 SoundsProduced byWave Energy Converters

Currently, our range of knowledge on WEC source levels and noise propagation is limited. This is partly

due to the fact that noise measurements are challenging in wave environments, as well as the very diverse

range of type of design of current WEC devices with

different sources of noise emission. This makes

extrapolation of noise production challenging and likely inaccurate. Multiple WEC devices per wave field
are typical, thus noise needs to be measured from an ens#rhles to consider the additive effects.

Most current knowledge is based on scaledn and/or single units. In genersdund emission of WEC
devices once operational, is expected to be low and comparable to that emitted by macHioarg on

typical vesselg{Tougaard2015) However, higher amplitude noigenissionsvould likely occur during

the installation and decommission phases of a project due to an increase in machinery needed to complete

the processncluding in some cases pile driving operatidHow the WEC converts waves to energy will
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largely determine botthe amplitude of the sound emissions, #relduration and frequency content.
Potential noisemissiongrom WEC may include that produced by turbulence;seife from

hydraulics, hings, moorings, surface waves impacting the Wie@Gtionalmachinery (turbine bides,
gearboxes, shafts, etcefc. Whether these sources overlap in frequandyamplitudevith the hearing

or sound production of marine mammals is the overarching quegtionegards to permitting of WEC.
However, basedn numerous reviews, including the most recerfblayge and Bassett (2020)

appears that in many cases, underwater rargssion byVEC isunlikely to affect marine mammal
hearing (i.e., TTS or PTShowever for areas where background noise levels are not affected by
anthropogenic activities, the average reported WEC noise emissions could easily exceed the background
levels. For example, many of the WECs for which there are noise measurements psoduocetevels

in the range of 126 to 129 dB re 1 pPa (Austin ¢28I09 Patricio and Soare8012 Garrett et al.2013
Robinson et al2013 Polagye et a]2014 Tougaard2015). In our study area, average monthly SPL
ranged from 74 to 83 dB-igurel7Figure 16), a differential of 43 to 55 dB. Therefore, depending on the
frequency spectrumistribution of the WEC emissions, these could have a significant masking effect to
marine mammal communication.

In 2020, a fairly exhaustive report on known noise produced by wave energy devices was pablished

part of a br oader maifireteaetvable entrgytddviees @Palayge arm 8A262@).f

The Polayge and Bassett (2020) report should be considered the authoritative state of the science at the
present time and we therefore did notasafollevomvent t
to Robinsoret al.(2013). Below, we provide a list of extant WEC and a literature review of publications

and reports from 2018nward to avoid duplication from Robinson et al. (2013) review on this subject.

We also added reports prior tolZnot included in Robinson et al (2013).

1.2.3.3.1WEC Literature Reviewed

Austin M, Chorney N, Ferguson J, Leary D, O6 Nei I |
Noise Generated by Wave Energy Devices. Tech Report prepared for Oregon Wave Energy fpust. 58

Boehlert GW, Gill AB. 2010. Environmental and Ecological Effects of Ocean Renewable Energy
Development: A Current Synthesis. Oceanography. Vol. 23, No.2.

Denes Sl|.ZeddiesDG, WeirathmuelleMM. 2018. Turbine Foundation and Cable Installation at South
Fork Wind Farm: Underwater Acoustic Modeling of Construction Noise. Document 01584, Version 4.0.
Technical report by JASCO Applied Sciences for Jacobs Engineering Group Inc.

Lepper PA, RobinsoB8P. 2015. Measurement of Underwater Operational Noise Erittédave and
Tidal Stream Energy Devices. Advances in Experimental Medicine and Biology

LussealD, Christiansen F, Harwood J, Mendes S, ThompdnSmith K, Hastie G. 2012. Assessing
the risks to marine mammal populations from renewable energy devidater@m approach.
Peterborough: Joint Nature Conservation Committee.

Madsen PT, Wahlberg M, Tougaard J, Lucke K, TyackZ@I06.Wind turbine underwater noise and
marine mammals: Implications of current knowledge and data needs. Mar Ecol Prog Ser02@1 3
95.

Martin B, Whitt C, HorwichL. 2018. Acoustic Data Analysis of the OpenHydro G@emtre Turbine at
FORCE: Final Report. Document 01588, Version 3.0b. Technical report by JASCO Applied Sciences for
Cape Sharp Tidal and FORCE.

Pine MK, Schmitt PCulloch RM, Lieber L, Kregting LT. 2019. Providing ecological context to
anthropogenic subsea noise: assessing listening space reductions of marine mammals from tidal energy
devices. Renew Sustain Energy Rev. 106549
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PolagyeB, CoppingA, SuryanR, KramerS, BrownSaracinal, SmithC. 2014. Instrumentation for
Monitoring Around Marine Renewable Energy Converters: Workshop Final Report. RRNLO Pacific
Northwest National Laboratory, Seattle, Washington.

Polagye B. Basse@. 2020. Risk to Marine Amals from Underwater Noise Generated by Marine
Renewable Energy Devices. In A.E. Copping and L.G. Hemery (Eds.}EdE8&nmental 2020 State of
the Science Report: Environmental Effects of Marine Renewable Energy Development Around the
World. Report forOcean Energy Systems (OES). (pp-85§. DOI: 10.2172/1633082.

Py i C, DZEededSjWesathmuelleM. 2018. Appendix IHM: REVISED DRAFT-

Supplemental Information for the Assessment of Potential Acoustic anadturstic Impact Producing
Factors on Marine Fauna during Construction of the Vineyard Wind Project. Document 001639, Version
3.1. Technical report by JASCO Applied Sciences (USA) Inc. for Vineyard Wind.

RobinsonSP, Lepper PA. 2013. Scoping Study: Review of Current Knowledge oéiwater Noise
Emissions from Wave and Tidal Stream Energy Devices. Technical Report. The Crown Estate.

SeaGen environmental monitoring program, final report, 2011.

Sparling C, Smith K, Benjamins S, Wilson B, Gordon J, Stringell T, Morris C, Hastie G,pEoonD
Pomeroy P. 2015. Guidance to inform marine mammal site characterization requirements at wave and
tidal stream energy sites in Wales. SMRNEW-2015012.

Tougaard J. 2015. Underwater Noise from a Wave Energy Converter is Unlikely to Affect Marine
Mammals. PLoS ONE 10(7).

A literature review of extant WEC suggests that presently there are 10 different types of WEC.:

1. Attenuator- Attenuators lie parallel to the predominant wave direction and move with the waves.
An example of an attenuator is the Pelgmlieveloped by Ocean Power Delivery Ltd, now
Pelamis Wave Powehitp://www.emec.org.uk/abouis/waveclients/pelamisvave power/

2. Bulge Wave A bulge wave device is a laggvater filled distensible rubber tube floating just
beneath the surface at right angles to the waves. As a wave passes, the bulge tube is lifted with
the surrounding water and causes a bul ge wave
diameter, gath@rg energy from the wave as it moves. An example of this is the Anaconda by
Checkmate Sea Energy UK Ltditps://www.checkmateukseaenergy.com/anacdedanology/

3. Oscillating Water Column/Terminator - Oscillating Water Column devices, sometimes called
Terminators, have their principal axis parallel to the wave front and perpendicular to the wave
motion and physically intercept waves. Usually, a subsurface opening feeds intoal verti
compression chamber, in which the water surface oscillates with the wave action, forcing air out
and across a turbine to create energy. Two exa
University of Edinburgh and SPERBQtp://www.paddocks1.co.uk/

4. Point Absorber- Point absorbers utilize a mechanism consisting of two components: one
immobile, either weighted or moored to the seafloor, and the other following the wave motion.
The relative motion at a gife point on the device is used for energy conversion. Two examples
are the WaveStar and Oc e attpPwavestarendigycdmhol ogy d s

5. Oscillating Wave Surge Converter A subtype of a point aborber device but where the
floating component moves transversely as well as vertically. One example is the Oyster
(Aquamarine Power Ltd.) and is a hinged device that moves under the action of passing waves.
This movement drives two hydraulic pistons whpelsh high pressure water onshore to drive a
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conventional hydroelectric turbine to create electrigityp://www.emec.org.uk/abouwis/wave
clients/aquamarineower/

6. Overtopping- Overtopping devices consist of elevated reservoirs that are filled by waves spilling
over a ramp and empty back into the ocean below through a drain. The potential difference
creates a head pressure across the outlet that forces water through tiojales to create energy.

An example of this is the Wave Dragbtip://www.wavedragon.co.uk/technolcgy

7. Rotating Mass A rotating mass, like the Subwatgbine, is a doublgvinged, counterotating
water mill, hanging about 100 meters under a buoy floating on the surface. When the buoy is
affected by ocean waves, the turbine will alternately be lifted up and sinking down, forcing the
turbine blades to @erpt torque on the rotors and generate electricity. An example of this is the
Subwave turbine by WaveCiutps://www.waveco.no/technology.html

8. Submerged Pressure Differential A subtype of a point bsorber where the floating component
is submerged. An example of this is the mWave by Bombora Wave. This device has a series of
air-inflated membranes on a structure on the sea floor arranged at an angle to the incoming
waves. As waves pass over, the aitransferred into a duct via a turbine which causes the turbine
to spin and generate electricityttps://www.bomborawave.com/mwave/

9. WaveRoller- WaveRoller devices consists of a large panel anchort tsea floor in near shore
areas (< 20 m deep) that moves back and forth along a hinge. This blade captures the energy from
wave surge and converts it to electricity on site which is then transferred to shore via a cable. An
example of this device is fno Aw-Energyhttps://awenergy.com/waveroller/

10. Wave energy floaters Floaters use fixed arms attached to buoys that move up and down with
wave motion. The resultaphergy is used to rotate a generatat aereate electricity, which is
transferred into the electricity gridAn example of this device is from Eco Wave Power.
https://www.ecowavepower.com

1.2.3.4 Entanglement rates of marine mammals in the general vicity of Yakutat

The only available data for marine mammal entanglements near Yakutat come from annual National
Marine Fisheries Service Stock Assessment Reports (SARS) and associated Severe Injury and Mortality
data. Unfortunately, there are very few recsgessments of marine mammal entanglements because
most of the fisheries in the region are not currently monitored. Historically, harbor porpoise have been
entangled in subsistence and commercial set nets for salmon, including in the waters surrodndatg Ya
with an estimated 22 harbor porpoise per year entangled for the entire Southeast Alaska region (Muto et
al., 2019 Delean et aJ.2020). No other species have been reported to NMFS as entangled in the past
decade near Yakutat however, in 2016 otlerkivhale was found dead entangled in unknown fishing
gear in southeast Alaska and humpback whales have been observed entangled in various pot fishery and
long line fishery gear which generally involve floating lines and surface buoys in which they are
erntangled (Muto et al2019 Delean et a).2020). Overall, in the southeast Alaska region, there are
relatively few observations annually of marine mammal entanglement in fishing gear, although many of
the fisheries are not observed. There is no informatiomarine mammal entanglement in wave energy
devices to date and a recent global assessment of the impact of wave energy devices on marine animals
found no deleterious effects (Copping and Hem2e0). That report examined collision risk, impacts of
noise, impacts of electromagnetic radiation and encounters with underwater cables and mooring structures
and suggested that there was little chance for or evidence of impacts to marine mammals. Potential
impacts of wave energy devices should be relateletaésign of such devices, including where they are
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placed in the water column, whether they have moving parts or tethers, how they are moored and what
their overall footprint is in the environment. Wave energy generators with underwater turbindsehave
potential to injure marine mammals should they collide with moving parts. Wave attenuators may present
entanglement or entrapment hazards to marine mammals. Entanglement and injury impacts on marine
mammals are separate questions from Aaaed injuryor impacts from installation and operation of

wave energy devices.

1.2.4 Conclusiors

In this study, we documented the seasonal acoustic occurreackast Specieof marine mammals,
including two endangered spegiescurring in the survey area adjacenCtmnnon BeachVe also

determined seasonal ambient noise lev&though we could only detect animals that were actively
producing soundhe results of this study may be useful in determining interactions bemmagéme
mammalsand future energy devices, as well as directionsi@rine mammalesearch. For example,

based on the overall low densities and species diversity in the sureeyaeokinetic devices deployed

in this area are likely to have favegative interactions with marine mammaddarthermorea literature

review of the noise levels of many WEC devices, when compared to ambient noise levels measured here,
suggest that, pesleployment, there is unlikely to be masking of marine mammal signals. Likewise,
entanglements of marimeammalsn the current suite of wave energy conversion devices is unlikely.
Future, multiyearresearclon the presence of vocal marine mammals iratea would be helpful to

elucidate interannual variabilitPn-going passive acoustic monitoring concurrent with the installation

and operation of future WEC devices will be needed to unequivocally detefraimewhat the impact of

such devices will havon the overall soundscape of the nearshore region off Yakutat and the presence of
marine mammals in the region.

1.3 Monitoring Fish and Information to Support an Essential Fish Habitat
(EFH) Review

1.3.1 Introduction

Understanding the nearshatistribution and behavior of fishes can aid in evaluating their potential
interactions with marine renewable energy activities (Shen,&0416; Viehman and Zydlewsk015;
Viehman et aJ.2015). One example of a nearshore marine renewable energtydstthie deployment of
wave energy converters (Drew et @009). Currently, to reduce expense incurred by diesel generators,
wavebasecklectricity generatiohas been suggestéat adoption bythe community of Yakutat, located
on the northeast cdagsf the Gulf of Alaska (Previsic and Bedaf®09; Tschetter et aR016).Based on
previous oceanographic research,barshore zone (< 1 km from shoré20 m depth) of Cannon

Beach, AK,(Figure21) was identified as the most liketandidate location for wave energy converter
deploymen{Previsic and Bedard, 2009; Tschetter et al., 2016).
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Figure 21. Mid-water trawl (squares), bottom trawl (circles), surface trawl (pentagons), and beach
seining sites (triangles) from Arimitsu et al., 2002 (green symbols), Arimitsu et al., 2016 (gray
symbols),Neff,2 016 (dark orange symbol s) , |N@&#(bBghtoengeu a l botto
symbols), and this study (brown symbols) in nearshore waters adjacent to Yakutat, AK. Bottom
panels represent close up depiction of sampling sites that occurred near the proposed
hydrokinetic wave energy site (red polygon = survey site), near Cannon Beach.

The Gulf of Alaska, near Yakutat supports lucrative sport (Marston and P20i€), commercial

(Zeiser and Wood£016), personal use (Conrad and G2§14), and culturally important subsistence
fisheries (Naves et aR010). Ttese fisheries target dozens of species, including pelagic fishes such as
salmonids (family salmonidae), smelts (family osmeridae), and Pacific h&iupega pallasii as well as
demersal fishes such as flatfishes (family pleuronectidae), rockfiSkbatesspp.), cods and pollock
(family gadidae), and sablefiginoplopoma fimbriaand LingcodOphiodon elongatu@lson et al.

2017; Tingley and Davidsp2011). In addition, dozens of other fish species occur in the central Gulf of
Alaska that are not capted in fisheries, but are nonetheless important in pelagic and/or demersal food
webs (Johnson et al. 2012).

In addition to supporting valuable fisheries, past fisheries research has suggested that nearshore waters of
Yakutat are highly productive and mhg important feeding areas of upper trophic level predators, such

as marine mammals (Arimitsu et,&016; Castellote et aR015; Neff 2016). Most research to

understand the fish community in this area has primarily aimed to inventory marine ande$islzs
throughout the region (Arimitsu et 22003; Neff 2016), while other research has sought to understand
influences of glacier runoff on the distribution and abundance of zooplankton, forage fishes, and seabirds
(Arimitsu et al, 2016). While tlese research activities anformative most of these efforts have
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occurred in Yakutat Bay, and only one study has conducted limited sampling activities in the proposed
wave energy device deployment location. Therefore, many questions remain concersipectas

presence and distribution in this area, and past researchers have suggested that additional efforts with
different gear types (e.g., midater, surface trawls) are needed to accurately portray species diversity and
relative abundance in the area.

Many methodologies exist to study the spatial and temporal distribution of nearshore fish assemblages.
For example, state and federal fisheries agencies commonly use a variety of fisheries survey styles
including bottom trawl (von Szalay and Rari2§18) mid-water trawl (Arimitsu et aJ2008), surface

trawls (Orsi and Fergussp®016), acoustic technology (Honkalehto and McCar2@t5), longlines
(Lunsford et al.2017), gillnets (Sigler et al2001), beach seines (Johnson et24112), and aerial

imagery (Hebert2013) to characterize the relative abundance and distribution of fishes. When
interpreting data from all of these sampling methods, it is important to recognize that they all have
inherent species and size specific capture biases. Therefore, to comprehensively characterize fish
assemblages, research needs to incorporate multiple sampling techniques.

To understand potential impacts of energy exploration and development on fishestidaisto

determine the overlap in time and space between potential development activities and animals. Although
the broadscale distribution of fishes is well described in the central Gulf of Alaska near Yakutat, fish
presence/absence near Cannon Beadle proposed wave energy site has not been described in detail.
Therefore, the primary objective of this study was to provide a better understanding of the demersal and
pelagic fish communities near and adjacent to the area proposed for a wave emegggical o

accomplish this objective, we 1) conducted surface and bottom trawl sampling in 2018, 2) conducted
hook and line sampling in 2019 and, 3) aggregated catch data from all known previous research
campaigns (n = 4fable5) conducted in the vicinity of Cannon Beach and Yakutat Bay to better
understand species presence near Cannon Beach.

1.3.2 Methods

1.3.2.1 Surface and bottom trawl sampling

From 19 to 25 May 2018, we conductdface (n = 6 tows) and bottom trawls (6 fows) in nearshore

areas adjacent to Cannon Beach (hereafter referred to as the survey area), near Y altigily &224).

To best characterize the fish community, a variety of bottom depth8§18) were trawl sampled in the
survey area. Trawling was conducted aboard the AI
Solstice(Figure23). The surface trawl was a Nordic 264 rope trawl witm 8loors and a 1.8m mesh

liner cod end that fished approximately 11 m deep with a width of 14.3 m (Moss2610&l). The bottom

trawl was a 40dnesh eastern trawl with 3.2 cm mesh in the cod end, 8.9 cm in the intermediate and 10.2
cm in the body and wings, and 364 kg NEastern Astoria V trawl doors (Bouwens et 40299).

Duration of trawl tows was restrictéd very short durations (~5 min), due to concerns expressed by the
Alaska Department of Fish and Game Division of Commercial Fisheries Area Management Biologist
about the possibility of catching Chinook Salm®@ncorhynchus tshawytscha

After the trawl netvas brought aboard the research vessel, fish were identified to species and fork length
to the nearest mm was measured. Priority fish species, including Pacific Halibut, Lingcod, and Sablefish,
were sorted in an expedited manner and released overboaritldg gs possible to increase

survivorship. In addition to species identification and measuring captured fishes, a subsample of species
of captured fish were frozen in Ziploc bags and shipped to the UAF Fisheries laboratory where scales,
otoliths and tisse samples were collected and archived for potential later analyses. For data analyses of
trawl catches, cateperunit-effort (CPUE; no. fish-min) for each species was calculated and qualitative
comparisons of CPUE and species captured were made bdioit@m and surface trawls.
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1.3.2.2 Surface and bottom trawl sampling

During 71 10 May, 15 June, 2831 August, 84 October, andib November 2019, we conducted 100.7

hours of hook and line sampling (hereafter referred to as angling) in the survey area, araitt adja

control areasKigure22h). Control areas were chosen by the boat captain, and are locations known to

support productive recreational and commercial fisheBased on previous sampling programs (Neff

2016) and | ocal fishing knowledge (M. Sappington)
zone, 0 and catches were expected to be | ow throug
of the anglily gear and tactics used amdprovide agualitativecomparison to catches in the survey area

angling at nearby control areas was execuBegling angling activities, wepportunisticallyused several
techniques, including bottom jigging (bait, jigs, $albigs), mooching (herring), and trolling with divers

and lead weights (herring, artificial lures). Typically63ods were concurrently used depending on
environmental conditions (e.g., winds, currents) and angling technique. Upon capture, relatilely sm

fishes were brought aboard, identified to species, and measured (mm). Additionally, the GPS location and
time of catch was recorded. For relatively large fishes, such as Pacific Hiijipaiglossus stenolepis

and Big SkatdBeringraja binoculatalenghs were estimated visually from the side of the vessel to avoid

injury to captured specimens and research personnejubtativeanalyses of angling catches,

comparisons of number of fish and species captured were made between survey and conifol areas.
guantitative comparisons on angling catches were conducted due to the inconsistency of effort, angling
techniques, and small durations of sampling events spread out over the spring, summer and fall seasons.
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1.3.2.3 Comprehensive speciepresence

To comprehensively document species encountered in nearshore waters adjacent to Yakutat, AK, results
from trawl and angling surveys in this study were combined with datasets from all known previous
sampling activitiesTable5; Figure21). After aggregating these data, a list of all fish species captured, by
gear type (bottom trawl, midvater trawl, surface trawl, beach seine, and angling) was tabulated.
Additionally, the spatial distribution (presence/absence) of each species was mapped throughout the
Yakutat region. Catch per unit effort from the other thtadies were not aggregated nor compared with

one another because sampling in these programs was sporadic, inconsistent, infrequent, and did not have
standardized gear types, specimen sampling procedures, or data analyses.

Figure 23. Al aska Department of Fish and Gameb6és R/V Solstice
(a). The F/V Quest used for angling surveys in 2019 (b).

1.3.3 Results

1.3.3.1 Surface and bottom trawl sampling

During surface and bottom trawl sampling, a total of 1190 fishes were captured representing 18 unique
species Table6; Figure24a). While 18 species were captured with trawl efforts, overall species diversity
was relatively low, as over 80% of the total catch was compromised of only four species, including Butter
Solelsopsetta isolepi&9%), Pacific Tomcodlicrogadus proximu$l3%), Sand SolPsettichthys
melanostictug10%), and Arrowtooth Floundétheresthes stomig8%) (Table7 Figure24a). Besides
Arrowtooth flounder (n = 99), commercially and recreationally important fishes including Pacific Halibut
(n = 30), Sablefish (n = 1), and Lingcad<£ 3), were rare in catchebable7; Figure24a).

The number of individual fisks, number of unique species, and catch per unit effort (CPUE) varied
substantially between bottom and surface trgivgble6). Bottom trawling yielded 16 unique species

with relatively high CPUES ranging from 10.1 to 76.3 (36.4+£26.1, mean £SD) fishes per rifiaioite (

6). The most commonly captured species were Butter Sole (n = 581), Pacific Tomcod (n = 159), Sand
Sole (n =123), and Arrowtooth flounder (n = 99). In contrast, surface trawling yielded only three unique
species, lowcatches (n = 9 individuals), and relatively low CPUEs ranging from 0 to 0.3 (0.15+0.12,
mean £SD) fishes per minuf@able6). Catch composition of surface trawls coteisof Capelin (n= 3),

Surf Smelt (n = 1), and Threespine Stickleback (n = 5).
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1.3.3.2 Angling

During angling, a total of 381 fishes, representing 20 unique species was captured in 100.7 hours of
sampling(Table8; Figure22b). Over 70% of the catch was compromised of just five species, including
Pacific Tancod (19.4%), Lingcod (17.6%), Pacific Halibut (16.8%), Coho Sal@®acorhynchus kisutch
(10.5%), and Black RockfisBebastes melanof®.2%) Figure24b). Some catches varied seasonally,
with Coho Salmon (n = 40) and Chinook Saln@mcorhynchus tshawytsclia = 4) only being captured
during the month of August. In contraspecies such as Pacific Tomcod (n = 74), Pacific Halibut (n = 64)
and Lingcod (n = 67) were caught during all sampling peribagi{e25). While catche in different
sampling areas (survey area vs. control area) are not directly comparable due to differences in effort (e.g.,
number of rods) and methods (e.g., bottom jigging, trolling, mooching, etc.) used, in geaibral,

catches weremallerand few ommercially and recreationally important species were captured in the
survey areaywhen qualitativel}compared to the adjacent control ar€eable8; Figure24b). Specifically,

in the survey area, a total of 195 fishes, mostly Pacifictahin = 74), was captured in 78.1 hours of
angling (Table 5Figure24). In contrast, 185 fishes including Pacific halibut (n = 35), Lingcod (n = 64),
Black Rockfish (n = 34), Quillback Rockfisdebastes malig€n = 10), Copper RockfisBebastes
caurinus(n = 10), of relatively large sizes were captured in only h8uirs of angling in the control areas
(Table8). An exception to these results is that adult Coho Salmoa freguently captured in the survey
area during August samplirfgigure25). Note angling methods successful for catching salmon and a
variety of other species were used in all months of the study.

a) Trawl catch composition b) Angling catch composition
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Figure 24. Species composition (%) of trawl (a) and angling catches (b) near Yakutat, Alaska.

1.3.3.3 Species Presence

After aggregating all catch data from relevant fisheries research effatikeb), we identified 105 fish
species present in nearshore waters adjacent to Yakutd@aHe9). Of these species, 60 veecaptured
with beach seines, 73 with bottom trawls, 10 withwater trawls, 3 with surface trawls, and 20 via
angling(Table8). In all, combining ouresearch efforts with Neff (2016), 1,478 individual fishes were
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captured in the survey area (i.e., Cannon Beach),

angling survey, past research has documented that catches were relatively Icsg apddees diverse in

the survey area, compared to other adjacent habitats. For exaleffl€2016) only captured 92 fishes

(13 species) in 30 bottom trawl tows in the survey area, whereas she captured 1,186 fishes (23 species) in
48 trawl tows in west Yiutat Bay. Individual maps (n = 105) of species presence, by species and gear
type, are included in AppendiX.
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Figure 25. Monthly spatial distribution of angling catches, by species. Black polygon denotes
Cannon Beach survey area. Points are jittered to separate overlapping locations.

1.3.3.4 Archived Samples

A total of 194 fishes, including Arrowtooth Flounder (n = 9), Butter $oke 42), Dover Sole

Microstomus pacificugn = 24), English Sol@arophrys vetulugn = 19), and Pacific Tomcod (n = 100)
was sampled for weight (g), and otolith and tissue samples, all of which were frozen and archived at
UAF. Additionally, several fislspecies including, Rex Sole (n = 3), Pacific Staghorn Sculpin (n = 1),
Pacific Sandfish (n = 2), Threespine Stickleb&asterosteus aculeat(s = 4), Pricklebreast Poacher
Stellerina xyosternén = 1), Surf SmelHypomesus pretiosya = 10), and CapeliMallotus villosugn

=5), were frozen and provided as voucher specimens to the University of Alaska Museum of the North.

1.3.4 Discussion

During this study we captured a total of 1,385 fishes representing 24 species, updating lacking

information about spées presence in the area adjacent to Cannon Beach that is proposed for a wave

energy converter. Additionally, this study provides substantial information on recreationally important
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fish species, captured via angling surveys, a methodology that had viouphg been used in the survey
area. The catches provide valuable baseline information about the fish species presence in the area that
may be used for assessing potential impacts of a wave energy converter.

In all, while small in duration and geographkixtent, our research suggests that benthic fishes (e.g., Butter

Sole, Sand Sole, Pacific Tomcod) that are not targeted in fisherige@uently encountereid survey

area during the summer and fall months. @hasityof these benthic fishes as docunashin this study

differs from the perceived fisthensitiegeported from past research (Neff 2016), and from local fishing

knowledge (Captain M. Sappington, personal communication). The Cannon Beach area is often referred

to as a nidead Yakotat &dtis fregueritly corhparedso adjacent highly productive areas

where commercial, recreational, and subsistence fishing efforts are focused. The perception of the Cannon
Beach area being a dead zone is exacerbated as it appears that few raltyemtidicommercially

i mportant species occupy this area. Our research
zone, 0O but rather it has comparably | ower densiti
fishes that are notaglily captured with recreational and commercial fishing gear. This is likely why local
fishers perceive the study area to be a Adead zon:

The reasons for the apparent lack of fish species targeted in fisheries occurring in the survey area, except
for eplemeral Coho Salmon migrating through the area in Augastd be due to a variety of physical
gradientge.g., temperature, salinity, currents, or bottom structure), or biological (e.g. prey density, type,
diversity) factorsFurther exposition on thiin a multidisciplinary context would be highly speculative

thus we refrain from doing so in this repdtar example, waters of the survey site are likely less

productive compared to waters inside Yakutat Bay, which is heavily influenced by the ftdshncdo
nutrientrich glacial runoff from Yakutat Bay (e.g., Arimitsu et al. 2016). Additionahye seafloor of the

survey area is characterized as a gentle slope composed of sand and silt. However, just to the north of the
survey area (e.g., Ocean Capbg seafloor becomes more heterogeneous, with rocky outcroppings

(Aut hor 6 s per s dhe kkeély phybicleand\bialagicab differgnces between the control and
survey areas likely explairike relative lowcatches inthe survey area. While senPacific Halibut and

Lingcod were captured in the survey area, catches were sparse and no large individuals from these species
were captured. Given this, this area may be used as a migratory corridor rather than foraging habitat for
large individuals offiese species.

We did not capture any juvenile (ocean age 0) Pacific salmon, and only four immature salmon (~ ocean
age 1 Chinook salmon) were captured, via angling efforts. These results are similar to past bottom trawl
research (Neff 2016) which capéa only one juvenile Sockeye Salmon in 30 individual (5 min) trawl

tows conducted in the survey area of the current study. Interestingly, the Situk River, along with several
others (e.g., Dangerous, ltalio, Lost, Alsek), are all large salmon produciesheds that drain into the

Gulf of Alaska near the survey area. Given this, at some time period, most likely spring to early summer,
juvenile salmon likely occupy, or at a minimum, transit through the survey area as smolts. This migration
is likely very sort in duration, as some species of juvenile salmon may quickly emigrate from river
mouths to coastal or offshore feeding areas (Moulton 1997; Trudel et al. 2009; Tucker et al. 2011). While
many factors may be related to the absence of juvenile salnoam gatches (e.g., seasointrawls

distance from shore), it is likely related to the limited number (n = 6) and short durations (5 min) of
surface trawl efforts in this study. Surface trawling is the method most likely to capture surface oriented
juvenile salmon, butlue to permitting restrictionsur efforts, which were severely limited, likely were

not sufficient to capture the salmon smolts during their very short residence time in the area. Future
research with more intense surface trawl effarieending into the months of June and Jutyuld likely

provide a better understanding of if and when juvenile salmon occupy the survey area.

In the survey area, adult Coho Sal mon were relati:’
spawning migration to rivers in the area. These results are corroborated by the distribution of the

commercial troll fishery, which commonly fishesthe northern vicinity of the survey area during the fall

months (M. Sappington, personal communication). However, we did not capture adults of other Pacific
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Salmon species (Chum Salmon, Sockeye Salmon, Pink Salmon), even though the nearby Situk River is
home to large populations of Sockeye Salmon, Coho Salmon, and Pink Salmon, which likely transit
through the survey area during their return to freshwater spawning habitats. While many factors may be
related to the lack of adult Pacific salmon capturetiimgtudy outside of Coho salmon in August, the

short sampling efforts and months sampled are likely responsible. For example, local fisherman
commonly observe salmon including Sockeye and Pink Salmon (M. Sappington, personal
communication) during time peds we did not sample (migline to midAugust). Additionally, Sockeye
Salmon are less readily captured via angling techniques compared to Coho Salmon. Future angling during
the summer months using techniques refined for species other than Coho salntblikeigutapture

other salmon species in the survey area.

In this study, few forage fishes (e.g., Pacific Herring, Pacific Sand Lance, Capelin, Eulachon) were
captured. While many factors may be related to the absence of these species in our catceeséey.,

it is likely related to the very limited trawl efforts, in this study. In contrast, past research has documented
relatively high abundance of important forage fishes in the Yakutat area (Arimitsi2€i&l, Neff

2016). For example, Neff (2016eported that forage fish species including Pacific Herring, Pacific Sand
Lance, Surf Smelt, Capelin, and Eulachon accounted for almost 70% of the entire catch during her
nearshore fish project (over 29,000 fish captured) in the Yakutat region, altbeughing efforts

indicated lowedensitief forage fish in the wave energy survey site compared other habitats (i.e.,
western and eastern Yakutat Bay). Additionally, past research has suggested that Capelin, an important
forage fish, may use Cannon Beashspawning habitat (Pah|KE985; Rogers et al1980). Although

claims of Capelin spawning near Cannon Beach have not been verified recently (R. Hoffman, Alaska
Department of Fish and Game), this species, including individuals of the larval lifehstagdyeen

commonly captured throughout the survey area and inside Yakutat Bay (Arimitsi281.6]. Neff

2016). Finally, Pacific Herring, another important forage fish species, is known to spawn in nearby
Yakutat Bay and Russel Fjord (R. Hoffman, AlaB}epartment of Fish and Game, Yakutat). Similar to
Capelin, whether this species spawns adjacent to Cannon Beach is currently unknown. Given indications
from past research about relatively ha@gmsitiesof important forage species, it is likely that thepecies
ephemerally occupy the survey area near Cannon Beach and we did not document them because of
limited sampling. Gathering more comprehensive distribution information about forage species, including
the spawning distribution of Capelin and Pacifgering would be a valuable direction in future research.

1.3.5 Conclusion

In this study, we have updated and comprehensively documented over 28 species, occurring in the survey
area adjacent to Cannon Beach. Whil guewnearshorefists i der
assemblage of the survey area, the results of this study may be useful in determining interactions between
fishes and future energy devices, as well as directions for future fisheries research. For example, based on
the overall lowdersitiesand species diversity in the survey area, hydrokinetic devices deployed in this

area are likely to have fewer fish interactions, compared to those deployed in surrounding habitats with
higher fishdensitiesand diversity (i.e., Ocean Cape, YakutalyR Furthermore, past research has

highlighted the importance of the Yakutat region to forage fishes, the primary diet of many marine
mammals, seabirds, and commercially and recreationally important fish species. Because of their
swimming capabilities, fi@ge fish and juvenile salmonids are much less likely to be able to actively

avoid potential wave energy devices compared to their adult counterparts or larger fish species. Therefore,
future research describing the distribution of juvenile salmon andddish would be valuable.

Systematic and larger trawl efforts, including surface andwaitér trawls are likely needed to address

these questions.

Table 5. Datasets aggregated to provide information on the species of nearshore fishes
encountered near Yakutat, AK.
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Study Name Gear type Year Stations (n) [Unique Catch (n)
species (n)

Arimitsu et al. 2003 Bottom trawl, Midwater trawl [2002 20 27 3520

Neff 2016 Bottom trawl, Beach seine 2013, 2014 (36 73 29655

Arimitsu et al. 2016 |[Bottom traw! 2011 39 26 44403

NOAA Survey Bottom trawl i 24 50 439

This Study 2018 Bottom trawl, surface trawl {2018 12 18 1190

This Study 2019  |Angling 2019 NA 20 381

*1984, 1990, 1996, 2003, 2005, 2009, 2011, 2015, 2017
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Table 6. Summary of trawl catches in nearshore marine waters adjacent to Cannon Beach,
Yakutat, AK in 2018.

Trawl # Duration (min) | Catch (n) Unique Catchper uniteffort (#
species (n) fish/minute)

Bottom Trawl

Bl 10 101 8 10.1
B2 6 458 8 76.3
B3 4 245 8 61.3
B4 6 139 10 23.2
BS 5 107 5 21.4
B6 5 131 8 26.2
Total 36 1181 32.8

Surface trawl

S1 10 3 2 0.3
S2 10 2 1 0.2
S3 10 2 2 0.2
S4 10 2 1 0.2
S5 10 0 0 0.0
S5 15 0 0 0.0
Total 65 9 0.1
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Table 7. Fish species captured in bottom and surface trawling efforts in nearshore areas adjacent
to Cannon Beach near Yakutat, AK 2018.

Species n Mean length (mm) | Length range (mm) gsag;:nfql?ne)r ST et
Bottom trawl

Arrowtooth Flounder 99 271+152 1001560 2.8
Big Skate 2 620+56.6 580/ 660 0.1
Butter Sole 581 | 246+57.9 871370 16.1
Dover Sole 20 246+58.9 1501 340 0.6
English Sole 75 296+125 90i 490 21
“Lingcod 3 655+91.2 5501715 0.1
“Pacific Halibut 30 608+90.7 4601810 0.8
Pacific Sandfish 3 150+10 140/ 160 0.1
Pacific Staghorn Sculpin 1 280 <0.0
Pacific Tomcod 159 | 162+26.1 110/ 250 4.4
Rex Sole 62 275+72.3 110410 1.7
¢Sablefish 1 410 <0.0
Sand Sole 123 | 264+100.4 90i 440 3.4
StarryFlounder 20 517+71.7 3901650 0.6
Surf Smelt 1 125 <0.0
Pricklebreast Poacher 1 80 <0.0
Surface trawl

Capelin 3 95+10.1 84i 104 0.05
Surf Smelt 1 144 0.02
Threespine Stickleback 5 76x7.1 64i 81 0.08

¢Noteworthy commercially importaspecies

"Noteworthy recreationally important species
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Table 8. Fish species captured by angling in the Survey and Control areas near Yakutat, AK in
20109.

Species Sample size Mean length (mm) Length range (mm)
Survey area

Big Skate 12 1123 + 356 70011750
“Black Rockfish 1 510510
Butter Sole 6 352 +23 320/390
¢Chinook Salmon 4 348 + 33 3101380
¢Coho Salmon 40 701 + 64 560'820
“Lingcod 3 730 £ 142 6201890
‘Pacific Cod 2 870+ 28 8501890
“Pacific Halibut 28 657 £ 123 44011060
Pacific Sandfish 1 160
Pacific Spiny Dogfish 4 980 + 103 8501100
Pacific Staghorn Sculpin 10 2501 380
Pacific Tomcod 74 240 £ 16 180280
cSablefish 4 255+ 24 240/290
Sand Sole 3 447 + 58 3801480
Starry Flounder 1 610
‘Walleye Pollock 3 533+35 500/570
Controlarea

“Black Rockfish 34 436 + 84 270/'570
Butter Sole 4 305 £ 45 2401340
'Copper Rockfish 10 436 + 76 2801590
Kelp Greenling 24 352 + 60 240470
¢Lingcod 64 627 £121 34011000
“Pacific Halibut 36 978 £ 374 40011730
Pacific Spiny Dogfish 2 935+ 35 910/960
'Quillback Rockfish 10 430+ 79 250'530
Red Irish Lord 1 340

¢Noteworthy commercially important species

"Noteworthy recreationally important species
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Table 9. Updated list (by alphabetic order of common name) of marine nearshore, pelagic, and
demersal fish species (n = 105) documented near Yakutat, AK in previous and current sampling
efforts. Sampling methods and references are noted.

Beach

Surface

Midwater

Bottom

Common name Scientific nane Seine  Trawl  MTrawl Trawl )Angling [Reference
IArctic Shanny Stichaeus punctatus X c
IArrowtooth Flounder IAtheresthes stomias X ade
Bay Pipefish Syngnathus leptorhynchus X c
Bering Skate Bathyrajainterrupta X d
Big Skate Beringraja binoculata X X bcde
Bigfin Eelpout Lycodes cortezianus X d
Bigmouth Sculpin Hemitripterus bolini X ab
Black Rockfish Sebastes melanops X X X cde
Blackbelly Eelpout Lycodes pacificus X d
Bluntnose Sixgill Shark [Hexanchus griseus X d
Buffalo Sculpin Enophrys bison X X ac
Butter Sole Isopsetta isolepis X X X cde
Cabezon Scorpaenichthys marmoratus X c
Capelin Mallotus villosus X X X X abcde
Chinook Salmon Oncorhynchus tshawytscha X X X bcde
Chum Salmon Oncorhynchus keta X c
Coho Salmon Oncorhynchus kisutch X X X bce
Copper Rockfish Sebastes caurinus X X ce
Crescent Gunnel Pholis laeta X c
Crested Sculpin Blepsias bilobus X b
Dark Rockfish Sebastes ciliatus X c
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Darkblotched Rockfish  [Sebastes crameri d
Daubed Shanny Leptoclinus maculatus abc
Dolly Varden Salvelinus malma X c
Dover Sole Microstomus pacificus ade
Dusky Rockfish Sebastesariabilis d
English Sole Parophrys vetulus X cde
Eulachon Thaleichthys pacificus abcd
Flathead Sole Hippoglossoides elassodon abd
Great Sculpin Myoxocephalus polyacanthocephalyx a
Kelp Greenling Hexagrammoslecagrammus X bcde
Leister Sculpin Enophrys lucasi X c
Lingcod Ophiodon elongatus X cde
Longfin Smelt Spirinchus thaleichthys X bcd
Longnose Skate Raja rhina d
Longsnout Prickleback [Lumpenella longirostris abd
Manacled Sculpin Synchirus gilli X (@
Masked Greenling Hexagrammos octogrammus X c
Night Smelt Spirinchus starksi d
Northern Rock Sole Lepidopsetta polyxystra X cd
Northern Ronquil Ronquilus jordani b
Northern Sculpin Icelinus borealis X c
Pacific Cod Gadus macrocephalus X acde
Pacific Halibut Hippoglossus stenolepis X cde
Pacific Herring Clupea pallasii X abcd
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Pacific Ocean Perch Sebastes alutus d
Pacific Sand Lance IAmmodytepersonatus c
Pacific Sanddab Citharichthys sordidus cd
Pacific Sandfish 'Trichodon trichodon abcde
Pacific Spiny Dogfish Squalus suckleyi de
Pacific Spiny LumpsuckelEumicrotremus orbis abcd
Pacific Staghorisculpin  [Leptocottus armatus ce
Pacific Tomcod Microgadus proximus cde
Padded Sculpin Artedius fenestralis c
Painted Greenling Oxylebius pictus (@
Penpoint Gunnel IApodichthys flavidus c
Petrale Sole Eopsettgordani d
Pink Salmon Oncorhynchus gorbuscha ac
Pricklebreast Poacher  |Stellerina xyosterna ce
Puget Sound Rockfish  [Sebastes emphaeus c
Quillback Rockfish Sebastes maliger ce
Rainbow Smelt Osmerus mordax d
Redlrish Lord Hemilepidotus hemilepidotus ce
Rex Sole Glyptocephalus zachirus bde
Ringtail Snailfish Liparis rutteri c
Rock Greenling Hexagrammos lagocephalus ac
Rougheye Rockfish Sebastes aleutianus d
Sablefish IAnoplopoma fimbria de
Saffron Cod Eleginus gracilis (@
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Sand Sole Psettichthys melanostictus ce
Scalyhead Sculpin IArtedius harringtoni c
Sharpnose Sculpin Clinocottus acuticeps c
Shiner Perch Cymatogasteaggregata c
Shortfin Eelpout Lycodes brevipes ad
Shorthorn Sculpin Myoxocephalus scorpius (@
Shortspine Thornyhead [Sebastolobus alascanus d
Showy Snailfish Liparis pulchellus (@
Silverspotted Sculpin Blepsiascirrhosus c
Slender Sole Lyopsetta exilis cd
Smooth Lumpsucker IAptocyclus ventricosus d
Smoothhead Sculpin IArtedius lateralis (@
Snake Prickleback Lumpenus sagitta abc
Sockeye Salmon Oncorhynchus nerka bc
Soft Sculpin Psychrolutes sigalutes ab
Southern Rock Sole Lepidopsetta bilineata d
Speckled Sanddab Citharichthys stigmaeus c
Spinyhead Sculpin Dasycottus setiger abcd
Spotted Ratfish Hydrolagus colliei d
StarryFlounder Platichthys stellatus acde
Steelhead Trout Oncorhynchus mykiss c
Stout Eelblenny IAnisarchus medius ab
Sturgeon Poacher Podothecus accipenserinus cd
Surf Smelt Hypomesus pretiosus ce
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Tadpole Sculpin Psychrolutes paradoxus d
Threespine Stickleback |Gasterosteus aculeatus ce
Tidepool Sculpin Oligocottusmaculosus a
Tidepool Snailfish Liparis florae c
Tubenose Poacher Pallasina barbata c
Tubesnout IAulorhynchus flavidus (@
\Walleye Pollock Gadus chalcogrammus abcde
\Wattled Eelpout Lycodes palearis ad
\Whitebarred Prickleback |Poroclinus rothrocki d
\Whitespotted Greenling [Hexagrammos stelleri ac
\Wolf-Eel IAnarrhichthys ocellatus d
Yellowfin Sole Limanda aspera (@

a) Arimitsu et al. 2013
b) Arimitsu et al. 2017
c) Neff 2016

d) NOAA GAP

e) This Study
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1.4 Information to Support an Archeological Review

1.4.1 Summary

A side scan sonar survey the seafloowas carried outay 2526, 20180 the Southwesgif Icy Bay
andcentered o’ pre identified site &9.858114N, 142.190939W. This survey pruided a field test of
the side scan sonar during the trarsihie primary study are@onsistent with the preliminary analysis

of thereaktime side scarata, post survey reevaluation of the data revealed no further evidence of any
martmade structures, aside framultiple rectangulaanomalies, likelyshipping cotainers on the seabed
adjacent tahe site(e.g.Figure26). A second survey was planned dsliw-up, but no suitable vessel

was ever available when ocean conditions were favorable. Finally, the Cd/tandemic eliminated
anyremainingchanceo re-survey theegion around thsite.

Figure 26. Side scan sonar image of a seafloor anomaly.

1.4.2 Methods

An Edgetech dual frequency 41R8ual frequency (1600 / 600 kHz) sidescan sonar tow fish package
equipped with a depressor wiagd weigh{Figure27) was deployed from the/V Solsticethe night of
May 25 26,2018. The tow fishwvasdeployedirom a fixed davibff the starboard side of the vessel and
cabled to theopside processdocated in the wheelhousé/ater depths varied from &0 m in the

survey area. A50m cablewasemployed along with speeds ob4knots to maintain as deep a depth for
the towfish as possibleTaking into consideration tHeb mlength of the cable run from to davit to the
wheelhouse, the todish was expected to swim at approximately 45 m, the feofjthe cable scope
between the davit and the towfish, divided byA®4-bit Windows 10 Toughbook laptop computer
located in the wheelhouse and equipped ®illhetech Discover Softwa(¥. 37.0.1.108anda USB

GPS were used to log reahe side scan da, vessel position, heading and sp@étk vessel maintained
a speed of 4 knots during the survey, less than the 6 kn@gimumspecified by the IHO to produce
sufficient resolution to identify small targets (IHO, 2020\)jeather during the survey deteated to the
point where the side scan system was unable to continue to gather quality imagery despite being
submergedo a depth oat leas20 m for the duration of the survey. The survey was concluded abruptly
when the sonar stopped communicating wgibside unit. It is likely the heaving vessgther accelerated
the towfish into the bottom @llowedfor enough slack in theablefor the towfish to sink andit the
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bottom, since upon retrievalneof the stabilizing fins vasfound to be missing. @omunication was
reestablished the following day and the unit apparently suffered no permanent damage.

| i T R

T

Figure 27. Edgetech 4125 side scan sonar equipped with depressor wing.

1.4.3 Analysis

The EdgeteclbiscoversoftwarepackaggV. 39.0.1.122)SonarWiz (V.5.03.0023nd Google Earth Pro
(v. 7.3.3.7786)vere used to review the data, identify and map and further investigate any seafloor
anomalies identified during review of the data.

1.4.4 Results

Sixteen features of interest werentiied during eview of thesonarimagery. These sixteen anomalies
were mappedrigure 28., Figure28, Figure29) and then individual sonar data frames were examined to
extract details of the featureach length, width and heigfidasecon shadowedngth, when possible

g

e »

Icy Bay Sidescan Seafloor Anomalies

Google Earth

Figure 28. Wide area map of the location of the side scan seafloor survey.
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Icy Bay Sidescan Seafloor Anomalies

J32.858114", -142.190939°
.

W142.196° W142.189°

N59.8572"

Google Earth

Figure 28. Detailed view of side scan sea floor anomalies.
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Figure 29. Side scan survey path.X6s mar k the | ocation of the anomalies
figures.

Different color palettes and contrast values were used to enanao®lyfeatures during review of the
data(e.g. Fish and Carr, 199 xample images are showhove (Figure26) andbelow Figure30,
Figure31). The imagesareillustrative of the multiple, rectangular seafloor targeis., likely shipping
containers, identified during the survey

Figure 30. Example output from Edgetech Discover software.
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Tag None

Ping 65129
Position 59°51.42319'N 142°11.55143'W
Altitude 0.00 m
Course 294.89
Heading 266.89

Slant Range 18.20 m
Ground Range 18.20m

Length 4.20m
£ Width 2.37m
Height 0.00 m

Figure 31. Close up view with a different color palette of the anomaly shown in Figure 30.

1.4.5 Discussion andConclusiorns

While theside scan seaflo@urvey was abbreviated due to deteriorating weather amosaguent
equipment malfunction, no evidence was foohdny manmade structures on the seafloor aside from
numerous rectangular objects that appear to be shipping coat&werall, no targets were identified
during this work that would justify furthdine scale surveys such as the caeried out as part of this
work anddescribed hereif anyfurther reconnaissaneeork is undertaken, a wide(r) area grid should
first be surveyed using a lower frequency side scararunit (e.g.,an Edgetech 4125 400/900 kHz unit
or similaf) and/or a multibeam echo sounder capable of collecting backsuadt@rater column
informationin orderto identify targets for followon surveying with a higher frequency side scan sonar
system(IHO, 2011)

1.5 Evaluation of Oceanography and Sedimentation Effects of Wave Energy
Converters.

1.5.1 Summary

Oceanographic sampling was carried out in conjunctidin thie other tasks outlined above. In particular,
24 CTD stations were occupied from the R/V Solstice between M&y,22018,overlappingwith the

trawl survey work. A towed ADCBIled system was deployed at this time as,welidue to rough sea
conditionsthat induced significant motion in tiséed,the data proved unusablehis data is notidcussed
further.Immediately following thd@rawl survey, a multibeam bathymetric survey including 110 CTD
casts was carried out betweldiay 30 andJune 7, 201&om the F/V QuesiTwentytopographideach
elevationtransects were surveyatithe same time the multibeam survey was being carried out
photogrammetric elevation survey was carried out at this time asisiell an Unmanned Aerial Vehicle.
Unfortunately the UAV suffered from navigation issues during the survey including inconsistent flight
altitudes and angled camera photo captlikey caused by strong winds. A lack of ground control points
during the survey meant there was no way to correct foe tiseges in postprocessingraparisons
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between the photogrammetrically derived elevations and the transect data showed largenaistent
errors in thdJAV measurecklevations that were not able to be correcfedubsequent survey in 201
carried out with separate fundimgasusedto generate a useful and accun2igital TerrainModel (10
cm accuracy in the vertical and horizontal, Kaspép1) So the 202 DTM is compared to the transect
measurements.

As described in sectioh2.2.2 three oceanographic moorings equipped with ADVs, ADCPs, CTDs and
turbidity sensors were deployed as part of this wOskerall, thedeepmooring DM, produced a 1+ year
time series of wavesurrentsand hydrographgtthe deep siteEven though they werdtimately lost,

the shallow(SM) and mid(MM) moorings produce@ months olusabledata

1.5.2 Methods

1.5.2.1 Hydrography During the Trawl Survey

A total of 24 CTD casts were taken during the trawl survey from the F/V Solstice using a Seabird 25
CTD/SBE 55 water samgt and a Sequoia Laser In Situ Size and Transmissivity 100X q&igare 33;
Figure 34; Table 10)The SBE CTDpackage was equipped with external PAR (Biospherical Instruments
QSP 2300), Transmissivity (WET Labs ECO FLNTURRuorometry (WET Labs ECO FLTURT)
andaltimetry sensors for making water column measurements of conductivity (Salinity), temperature,
pressure as well as of photosynthetically available radiation (PAR), transmissivity and chlorophyll A
(fluorometer) and elevation above the bottottir(eeter). The LISST measurexattering angleand
transmissivity.The SBE25 sampled at 16 Hz and was lowered through the water column at a rate of ~3
m st so that 5 samples/ meter were collected. Measured variables include pressure, temperature,
conductivity, beam transmission, fluoresceaoe PAR. Derived variables include defit), salinity,
potential temperatur@C), density(kg /m®) andspeed of sowh(m/s). A particle size distribution is

derived from the scattering measurements made by the LISST.

The SBE 55 water sampler include§-hottle carousel equipped withtliter bottles as well as a deck unit

(SBE 33) and an electronics control moduleltovafor real time read out of the measurements. Bottles

were used for taking discrete water column samples for nut{@misionium, nitrite, nitrate, phosphate,
silicate)and total suspended solids (T§%&ble 10) Also, twobottomgrab samples were cetitedwith

a Wildco fipetiteo St@linhshrepk areadth aglditibnalpveighttaddedgtc a b wi t h
obtain better grabs in challenging bottom conditidrieegrabsamples were sent to tlentral

Analytical Laboratory at Oregon State Univerdgity analysis The analysis procedure is described in

Appendix Il.More unsuccessful attempts were made to gattiditionalgrab samples but the drifting

vessel and challenging bottom conditions made sampling difficult.

To measire TSSwatersamples were filtered througha t5m bi nder free, gl ass mic
was vacuum rinsed three times with 20mL aliquots of reagent free water and dried at 105°C for at least

one hour. The samplegereprocessedollowing ASTM standard method2005, 2540D and EPA (1983)

Method 160.2 (Residue, ndilterable) in the UAF WERC lab.

Nutrient samples were analyzed by the UAF Nutrient Analytical Facility. Field samples were prepared

following Mordy et al. (2005). Samples were syrifitfered using 0.45 Y OSf f dzf 24S | OSiG Il G S
membranes, and the filtrate was collected in-8L acidwashedhigh-density polyethylene bottles after

G§KNBS NaAyaSaod {IYLISa 6SNB FNRI Sy +d btuwnc/ 6AGK O
upright. Nutrient Analyses (nitrate plus nitrite, nitrite, phosphate, silicate, and ammonia) are performed

on aSeal Analytical continuouow QuAAtro39 AutoAnalyzerFrozen samples are thawed overnight at
approximately 1.8° C and brought to room tempegaprior to analysid-ollowing each run peaks are

reviewed for any problems, any blank is subtracted and final concentrations (in micromoles per liter) are
calculated based on a linear curve fit using Seal Analytical AACE 7.07 software.

43


http://seal-analytical.com/Products/QuAAtro39AutoAnalyzer/tabid/814/language/en-US/Default.aspx

For nitrate anaisis a modification of the Armstrong et al. (1967) procedure is used where nitrate is
reduced to nitrite at pH 8 in a copperized cadmium reduction coil. The nitrite reduced from nitrate plus
any nitrite react with sulfanilamide to form a diazo compountlttfen couples with M-
naphthylethyenediamine dihydrochloride (NEDD) to form a red dye that is measured at 550 nm. The
procedure is the same for the nitrite analysis but without the cadmium column.

Phosphate is analyzed using a modification of MurphyRitey (1962) where a blue color is formed
when phosphate reacts with molybdate ion and antimony ion followed by reduction with ascorbic acid.
The reduced blue phosphawlybdenum complex is read at 880 nm.

The procedure for the determination of soluliieates, using a modification of Armstrong (1967), is

based on the reduction of silico molybdate in acid solution to molybdenum blue by ascorbic acid. Oxalic
acid is added to inhibit phosphate color interference. Absorbance is measured at 820 nm. [bavavoid
silicate values caused by potential polymerization during frozen storage the samples are returned to the
refrigerator for 24 hours and analyzed a second time for silicate the following day.

Ammonia is measured fluorometrically using a modificatiokefouel and Aminot (1997). The sample
reacts with ephthalaldehyde at 75°C in the presence of borate buffer and sodium sulfite to form a
fluorescent compound proportional to the ammonia concentration. The fluorescence is measured at 460
nm following excitdion at 370 nm.

Reagent solutions and primary and secondary standards are prepared with freQhaidtiir and

working standards are prepared daily with low nutrient artificial seawater. Primary standards for nitrate
(KNO3), nitrite (NaNQ), phosphate (K.PQy), silicate (NaSiFs), and ammonia ((NB.SQs) with

reported purities of 99.999%, 99.999%, 99+%, 99%, and 99+%, respectively, are sourced from Fisher
Scientific and/or VWR. For each sample run, standardizations are performed at the beginning and
Certified Reference Materials for Nutrients in Seawater (RMNS) obtained from KANSO CO., LTD. are
measured throughout.

SEAL Analytical methods anidboratorydetection limits (inumol/L):
Nitrate: No. Q11911 Rev. 1detection limit 0.05

Nitrite: No. Q05404 Rev. 2,detection limit 0.02

Phosphate: No. ©48-04 Rev. 3, detection limit 0.02

Silicate: No. @050-04 Rev. 1 detection limit 0.06

Ammonia: No. Q080-06 Rev. 5, detection limit 0.Q(published SEAL LoD)
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Figure 32. The Seabird 25 CTD and SBES55 water sampler with the LISST100X attached to the
frame.

Figure 33. Location SBE (green diamonds) and of AML (red circles) CTD casts taken between May
and June 2018.
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Table 10. Location of CTD stations+LISST100X carried out using the SBE25 CTD during the trawl

survey.

Station Station Latitude Longitude fE) | UTC Date | UTC Time | # of # of Total

Type Name (°N) Nutrient | Suspended

samples | Solids

sampled

CTD+LI | YB1 59.615467 | -139.84623 5/22/2018 17:46 0 0

SST

CTD+LI | YB2 59.604283 | -139.85578 5/22/2018 18:09 0 0

SST

CTD+LI | CB1 59.484217 | -139.82568 5/22/2018 | 21:28 0 0

SST

CTD+LI | CB2 59.478167 | -139.80608 5/22/2018 | 22:32 3 0

SST

CTD+LI | CB3 59.467017 | -139.74212 5/22/2018 | 23:42 0 0

SST

CTD+LI | CB4 59.4736 -139.77272 5/23/2018 | 20:52 0 0

SST

CTD+LI | CB7 59.440167 | -139.75477 5/23/2018 | 23:12 2 2

SST

CTD+LI | CBS8 59.4749 -139.75223 5/24/2018 | 0:43 2 2

SST

CTD+LI | CB9 59.484333 | -139.84308 5/24/2018 17:50 1 1

SST

CTD+LI | CB10 59.486817 | -139.82787 5/24/2018 18:07 1 1

SST

CTD+LI | CB12 59.495217 | -139.803 5/24/2018 18:30 3 2

SST

CTD+LI | CB13 59.487567 | -139.7779 5/24/2018 18:49 3 3

SST

CTD+LI | CB14 59.483383 | -139.78927 5/24/2018 19:11 0 0

SST
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CTD+LI | CB15 59.476483 | -139.79937 5/24/2018 19:21 3 3
SST
CTD+LI | CB16 59.473267 | -139.81368 5/24/2018 19:42 0 0
SST
CTD+LI | CB17 59.397567 | -139.61523 5/24/2018 20:45 3 3
SST
CTD+LI | CB18 59.403 -139.60438 5/24/2018 21:06 0 0
SST
CTD+LI | CB19 59.408683 | -139.59188 5/24/2018 21:16 2 2
SST
CTD+LI | CB20 59.415533 | -139.58407 5/24/2018 21:29 3 3
SST
CTD+LI | CB21 59.405633 | -139.55885 5/24/2018 21:50 0 0
SST
CTD+LI | CB22 59.399917 | -139.55952 5/24/2018 21:58 3 3
SST
CTD+LI | CB23 59.392967 | -139.57762 5/24/2018 22:17 0 0
SST
CTD+LI | CB24 59.387967 | -139.58198 5/24/2018 22:25 3 3
SST

1.5.2.2 June 2018 Multibeam Bathymetry, Topographic Elevation and
Hydrographic Surveys

To carry out the multibeam surveyRa&son 7125 Seabadultibeam sonar was mounted to the gunwale of
the F/V Quest using a pole mount. An Applanix POSMV GNSS + Inertial Measurement Unit was
mounted on pole on the starboard gunwklgyre 34- Figure36). The sonar transducer and projector
weremounted on the same pole, in the water. The pole is swung up to remove the transducers from the
water during trasit. The transducer is swung back itbe water for survey operatiand GNSS base

station was setup on the beach each day to pros@eime kinematic (RTK)position corrections to the
POSMV (Figure37).

The multibeam sonar was installed on the F/V Quest and a calibraticmonéiscted on 5/29 in Yakutat
Bay. Survey operations off Cannon Beach were initiated onggi@8@ontinued untt/7/2018 At any

one time, two staff members werencluctingvesselbasedsurvey workwhile two staff memberaere
conducting shoresidglevation and UAVsurveys Staff rotated between vessel and sHimased surveying
to reduce fatigue.

To determine whether post processed kinematic (PPK) corrections improved upon the RTK corrections,
position data for the bathymetric survey were fostessed uisg the Applanix POSPAC software
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package and compared to RTK positions. Overall, positional accuracie2afm/ivere achieved in both

the vertical and horizontal using the RTK corrections. PPK correctionsaweveate ta-/- 5 cm Thus

the RTK solutionwas used to produce the final prodiddtltibeam soundings were post procesasiti

CARIS HIPS including correcting for sound speed variations derived from CTD measurements described
below.

Figure 34 Left: GNSS antennae and IMU mounted on a pole on the starboard gunwale of the F/V
Quest. Right.: gunwale adapter.

Figure 35. Vertical pole stabilizer for the multibeam pole mount on the starboard gunwale of the
F/V Quest.
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Figure 36. Setup of the Reson Seabat operating system in the cabin of the F/V Quest.

Figure 37. Setting up the Trimble R8 base station broadcasting real time kinematic corrections to
the F/V Quest for the multibeam survey.
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Figure 38. 2018 multibeam survey coverage. Historical penetrometer samples (circles with
crosses) are shown as well. The Situk River estuary is in the SE corner of this image.

An AML OceanographiéinosX CTD equipped with anepholometric turbiditgensor AML Turbidity
Xchangeautoranging, 8000 NTU nephelometric sensor, compliant with the ISO 702idatd, and
calibrated with AMCO Clear, an EPRgertified primary standard, designa&@D+Tu) was utilized

during the multibeam survd¥igure 40);110 sensor only CTD+Tu casts were taken during the
multibeam surveyTable 11; Figure 34 CTD data was used for soundspeed correction of the multibeam
sounding dataThe AML CTD sampld at 25 Hz and was lowered-a3 m/sso that8 samples/ meter

were collectedMeasured variables include pressure, temperature, conduetidyptical backscat.
Derived variables include deptin), salinity, potential temperatu(eC), density(kg /m?), speed of sound
(m/s) and turbidity (NTU)

CTD data were processéallowing Kelley (2018 andwere screened for anomalous spikes, dropouts,
and density inveisns.Both the SBE and AML CTD dataeseseparated into u@and dowrcast data
Downcast data were then binned into 0.5 m bins.
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Figure 39. The AML CTD+Tu being deployed from the F/V Quest.
Two halibut fishing rods were used to deploy the AML CTD+Tu.

Table 11. Location, date and time of the AML CTD (CTD+Tu) casts taken during the multibeam

sonar survey.

Station | Station uTC

Type Name Lat °N) Long CE) UTC Date | Time
CTD+Tu | AML1 59.52323 -139.83027 5/30/18 13:54
CTD+Tu | AML2 59.50783 -139.85292 5/30/18 14:15
CTD+Tu | AML3 59.48898 -139.87835 5/30/18 14:41
CTD+Tu | AML4 59.48366 -139.86267 5/30/18 14:53
CTD+Tu | AML5 59.50345 -139.83645 5/30/18 15:12
CTD+Tu | AML6 59.51945 -139.81685 5/30/18 15:31
CTD+Tu | AML7 59.51438 -139.80159 5/30/18 15:38
CTD+Tu | AMLS8 59.49782 -139.82393 5/30/18 15:55
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CTD+Tu | AML9 59.47779 -139.84885 5/30/18 16:19
CTD+Tu | AML10 59.47278 -139.83370 5/30/18 16:33
CTD+Tu | AML11 59.49345 -139.80802 5/30/18 16:52
CTD+Tu | AML12 59.50888 -139.78909 5/30/18 17:07
CTD+Tu | AML13 59.50609 -139.78049 5/30/18 17:12
CTD+Tu | AML14 59.48971 -139.80137 5/30/18 17:29
CTD+Tu | AML15 59.46999 -139.82764 5/30/18 17:53
CTD+Tu | AML16 59.46759 -139.81807 5/31/18 9:16

CTD+Tu | AML17 59.48786 -139.79419 5/31/18 9:35

CTD+Tu | AML18 59.50188 -139.77624 5/31/18 9:48

CTD+Tu | AML19 59.49888 -139.76818 5/31/18 9:52

CTD+Tu | AML20 59.48373 -139.78908 5/31/18 10:09
CTD+Tu | AML21 59.46492 -139.81527 5/31/18 10:33
CTD+Tu | AML22 59.46294 -139.80611 5/31/18 10:42
CTD+Tu | AML23 59.48263 -139.78165 5/31/18 10:59
CTD+Tu | AML24 59.49664 -139.76300 5/31/18 11:14
CTD+Tu | AML25 59.49395 -139.75468 5/31/18 11:18
CTD+Tu | AML26 59.47895 -139.77396 5/31/18 11:34
CTD+Tu | AML27 59.45983 -139.79739 5/31/18 12:00
CTD+Tu | AML28 59.45784 -139.79040 5/31/18 12:08
CTD+Tu | AML29 59.47760 -139.76564 5/31/18 12:26
CTD+Tu | AML30 59.49158 -139.74591 5/31/18 12:40
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CTD+Tu | AML31 59.49029 -139.73849 5/31/18 12:45
CTD+Tu | AML32 59.47360 -139.75928 5/31/18 13:02
CTD+Tu | AML33 59.45454 -139.78310 5/31/18 13:23
CTD+Tu | AML34 59.48719 -139.87835 6/3/18 9:03

CTD+Tu | AML35 59.48719 -139.87835 6/3/18 9:03

CTD+Tu | AML36 59.47283 -139.76188 6/3/18 9:52

CTD+Tu | AML37 59.46266 -139.67451 6/3/18 10:26
CTD+Tu | AML38 59.48646 -139.74019 6/3/18 11:03
CTD+Tu | AML39 59.52148 -139.83691 6/3/18 11:43
CTD+Tu | AML40 59.43747 -139.66971 6/3/18 13:15
CTD+Tu | AML41 59.50478 -139.85450 6/3/18 14:46
CTD+Tu | AML42 59.46834 -139.72764 6/4/18 9:29

CTD+Tu | AML43 59.48728 -139.73186 6/4/18 9:50

CTD+Tu | AML44 59.47423 -139.70865 6/4/18 10:05
CTD+Tu | AML45 59.46429 -139.72877 6/4/18 10:19
CTD+Tu | AML46 59.45548 -139.71043 6/4/18 10:29
CTD+Tu | AML47 59.46990 -139.68896 6/4/18 10:45
CTD+Tu | AML48 59.46332 -139.67847 6/4/18 10:52
CTD+Tu | AML49 59.44841 -139.69684 6/4/18 11:06
CTD+Tu | AML50 59.44351 -139.67127 6/4/18 11:18
CTD+Tu | AML51 59.45313 -139.66015 6/4/18 11:30
CTD+Tu | AML52 59.43069 -139.71876 6/4/18 12:03
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CTD+Tu | AML53 59.44529 -139.75869 6/4/18 12:27
CTD+Tu | AML54 59.47421 -139.72242 6/4/18 12:55
CTD+Tu | AML55 59.49379 -139.78224 6/4/18 13:25
CTD+Tu | AML56 59.51459 -139.84399 6/4/18 13:55
CTD+Tu | AML57 59.51444 -139.84360 6/4/18 13:56
CTD+Tu | AML58 59.47645 -139.75973 6/7/18 8:52
CTD+Tu | AML59 59.48587 -139.74134 6/7/18 9:07
CTD+Tu | AML60 59.48723 -139.74192 6/7/18 11:49
CTD+Tu | AML61 59.46749 -139.68774 6/7/18 12:19
CTD+Tu | AML62 59.51921 -139.83337 6/7/18 13:16
CTD+Tu | AML63 59.45295 -139.78368 6/1/18 9:08
CTD+Tu | AML64 59.45224 -139.77705 6/1/18 9:16
CTD+Tu | AML65 59.47171 -139.75273 6/1/18 9:35
CTD+Tu | AML66 59.48615 -139.73195 6/1/18 9:50
CTD+Tu | AML67 59.48435 -139.72497 6/1/18 9:55
CTD+Tu | AML68 59.46966 -139.73476 6/1/18 10:09
CTD+Tu | AML69 59.44946 -139.76917 6/1/18 10:30
CTD+Tu | AML70 59.44842 -139.76128 6/1/18 10:37
CTD+Tu | AML71 59.46704 -139.73978 6/1/18 10:53
CTD+Tu | AML72 59.48196 -139.71725 6/1/18 11:06
CTD+Tu | AML73 59.47956 -139.70959 6/1/18 11:10
CTD+Tu | AML74 59.46470 -139.72895 6/1/18 11:24
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CTD+Tu | AML75 59.44430 -139.75431 6/1/18 11:46
CTD+Tu | AML76 59.44235 -139.74612 6/1/18 11:55
CTD+Tu | AML77 59.46119 -139.72295 6/1/18 12:11
CTD+Tu | AML78 59.47835 -139.70073 6/1/18 12:26
CTD+Tu | AML79 59.47561 -139.69403 6/1/18 12:31
CTD+Tu | AML80 59.45885 -139.71424 6/1/18 12:46
CTD+Tu | AML81 59.44039 -139.74405 6/2/18 10:08
CTD+Tu | AML82 59.43512 -139.72812 6/2/18 10:16
CTD+Tu | AML83 59.45616 -139.70368 6/2/18 10:42
CTD+Tu | AML84 59.46825 -139.68377 6/2/18 11:00
CTD+Tu | AML85 59.46160 -139.67121 6/2/18 11:09
CTD+Tu | AML86 59.44993 -139.68777 6/2/18 11:21
CTD+Tu | AML87 59.42980 -139.71295 6/2/18 11:40
CTD+Tu | AML88 59.42465 -139.69866 6/2/18 11:52
CTD+Tu | AML89 59.44600 -139.67047 6/2/18 12:18
CTD+Tu | AML90 59.45432 -139.65905 6/2/18 12:28
CTD+Tu | AML91 59.44861 -139.64411 6/2/18 12:37
CTD+Tu | AML92 59.43652 -139.66062 6/2/18 12:47
CTD+Tu | AML93 59.41908 -139.68270 6/2/18 13:24
CTD+Tu | AML94 59.48411 -139.73743 6/5/18 9:26

CTD+Tu | AML95 59.47255 -139.75615 6/5/18 9:39

CTD+Tu | AML96 59.45278 -139.77146 6/5/18 10:01
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CTD+Tu | AML97 59.46016 -139.72990 6/5/18 11:20
CTD+Tu | AML98 59.46179 -139.73683 6/5/18 11:57
CTD+Tu | AML99 59.48253 -139.72117 6/5/18 12:23
CTD+Tu | AML100 | 59.47985 -139.71572 6/5/18 12:27
CTD+Tu | AML101 | 59.46885 -139.68825 6/6/18 9:45

CTD+Tu | AML102 | 59.43838 -139.73288 6/6/18 10:10
CTD+Tu | AML103 | 59.47132 -139.69298 6/6/18 10:44
CTD+Tu | AML104 | 59.47124 -139.69685 6/6/18 10:48
CTD+Tu | AML105 | 59.47414 -139.74642 6/6/18 11:28
CTD+Tu | AML106 | 59.46564 -139.73943 6/6/18 12:09
CTD+Tu | AML107 | 59.47211 -139.72994 6/6/18 12:54
CTD+Tu | AML108 | 59.46267 -139.72358 6/6/18 13:20
CTD+Tu | AML109 | 59.47207 -139.70696 6/6/18 13:46
CTD+Tu | AML110 | 59.44226 -139.74203 6/6/18 14:11

A Trimble GNSS base statioRigure40) and rover Figure41) were used to reurvey elevatiosof 20
transects along Cannon Beathansect survey data were ppsbcessed using OPUS corrections to
obtain positional accuracy of-+3 cm in both the wtical and horizontalThese same transects were
previously occupied the Alaska Division of Geological and Geophysical Surveys inTA@ driginal
2014transect dataan beaccessed through the DGGS Coastal Hazalaska Coastal Profile Tool
(https://Imas.dggs.alaska.gov/acptfransect location@ed)are shown inelation to multibeam transects

(black) inFigure42.
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Figure 40. The Trimble GNSS base station set up to broadcast real time kinematic position
corrections to the GNSS rover used to survey beach elevations.

Figure 41. UAF staff preparing to survey Cannon Beach using a GNSS rover.
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Figure 42. Beach elevation transects occupied in 2018 and 2014 in red using GNSS surveying

techniques.

Black transects offshore are the multibeam transects occupied in 2018. Beach elevation transect 1 marks the edge of
the Situk River estuary.

1.5.2.3 Oceanographic Moorings

Spectral analyses of velocity and pressure data recorded by the ADCRDWktelocity softvare
(Teledyne 201& and 2017pprovided estimates of surface wave parameters, inclgimificant wave
height (H), peak wave period ¢J, peak () and mean (R) wave direction and directional spreading
(S0), where

8t p
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6p

(1)

the high and low frequency thresholds were 0.5 and 0.05 seconds, respectively, A1 and B1 represent the
f r o fis the Btep inFragsiency §ledyne 20EY.
Time series ofurface wave parametesnd water temperature (°C) warempiled from burst data in
MATLAB following Sullivan et al. (2006nd shown here as timeseries figures and a wave rose for each
mooring over the duration of the deployments. Annual and mostalistics of wave data were

calculated in MATLAB (MathWorks 2019) for both moorings, including the mean (), median,
maximum, minimum, 10and9¢p er cent i | es,
of the variance with Eq. 2,
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where N represents the number of observationsXasdhe variableof interest (e.g., K Ty, Dy).
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Overall, ~6 months of sensor data is available from the shallow and mid moorings while ~1 year of data is
available from the&leep mooring with the following exceptions: it was apparent when examining the CTD
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and turbidity recorgifrom the deep mooring that the mooriwgsburiedearly in second half of the
deploymentt which point the OBS sensors and CTD no longer providada@ecmeasurements.

Similarly, the OBS sensors at the shallow mooring only provided ~3 months of valid measurements. Thus
there is an incomplete record of turbidity and hydrography for the deep maodran incomplete record

of turbidity from the shallownooring

1.5.3 Results

1.5.3.1 VesseiBased Hydrography

Selected results from the water samples are showigime43 throughFigure45.

D n ) e

Figure 43. Total Suspended Solids (mg/L) from May 2018. Top left: TSS at the surface (water
depths <2 m). Top right: TSS in the middle of the water column (water depths between 2 and 20
m). Bottom: TSS at the bottom (water depth > 20 m).

There are no clear trends in TSS though there are only a limited number of samples.
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Figure 44 Nitrate (uM) from May 2018. Top left: Nitrate at the surface (water depths <2 m). Top
right: Nitrate in the middle of the water column (water depths between 2 and 20 m). Bottom:
Nitrate at the bottom (water depth > 20 m).
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Figure 45. Ammonium (uM) from May 2018. Top left: Ammonium at the surface (water depths <2
m). Top right: Ammonium in the middle of the water column (water depths between 2 and 20 m).
Bottom: Ammonium at the bottom (water depth > 20 m).

In general, the wateffshore Cannon Beaaturing May and June 2018 was waanmdsalty
(temperatures of ~& and bottom temperatures %) and low in nutrientsKigure43 throughFigure
45). At depths > 10 nsalinities rangdfrom 31.7 to 28.8Figure46 andFigure47). Data from two
representativeasts, one SE of the Situk River and one to the NW of the Situk are sletawn Only at
depths shallower thatDm, is there strong evidence of very fresterine water(salinities of 5) along the
coastin this region during the May and June sampling
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Figure 46. CTD cast from station CB22 to the SW of the Situk River.

62



Temperature [°C] o [ka/m’]

7.8 7.9 8.0 8.1 8.2 83 24.3 24.4 24.5 24.6
| | | | | | | | | |
=, S %@Z/
8 3+ 8 24
5 5
L L
=3 =3
At 2 0
v v
o o
o | =
) ) ) 1
To uy |
™ | | | | ™ | | T | | T
313 314 315 316 —Ze-04 2e—04 be-04
Practical Salinity N [s7%]
" b6 2018-05-24 19:38:22
© | | |
Q0
O o~ 3 B
2.
L
5 —_ N
© 0
g 2 -
2 o | ¢
w W
=)
T =T
s 2 AN 2] N
r~ N
w _|
r'h.

I I I I I I I
313 314 315 316 -140.0 -139.8 -139.6

Practical Salinity

Figure 47. CTD cast from station CB16 to the NW of the Situk River.
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Figure 48. Analysis of grain size from two bottom grabs collected in May 2018.

Sediment samples from the bottom are consistent with sedifnemt CannorBeach(DGGS, pers.
comm. 2014pnd consisprimarily of sand The mediarparticlediameter, expressed as D5@ried
between samples froth134m and 0.145 mnfrigure48).

1.5.3.2 Topobathymetry

Elevations derived from a 2019 UAV survey of the Cannon Beatite form of Digital Terrain Model
(DTM) are shown irFigure49. Elevations from this DTM are comparexthe 2014 and 2018 GNSS
measurd elevation transects ifigure 51.

Figure 49. Digital Terrain Model of Cannon Beach (NAVD88 vertical datum).
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Figure 50. DTM draped over a hillshade to aid in visualization of the elevation change from the
water to the beach scarp.
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Figure 51. Comparison between 2014, 2018 and 2019 measurements of beach elevation from three
transects on Cannon Beach.

The location of lines 2, 3 and 4 are shown in Figure 42.

Between 2014 and 2018 changes in the beach elevations were minimal whereas there were significant
changes in elevatns between 2018 and 2QE3pecially for Line 4Note transect 1 which was first

occupied in 2014 was not able to beoreupied because the Situk River estuary had cut into the bank at
this location and erodedatvayentirely including the trees that were presumably helping to anchor the
bank in placeAs an aside, river bank erosion is a likely source of the numerous trees that blanket Cannon
Beach.

The final bathymetric surface is shownFHigure52. Nearly 100% coverage was obtained for the region
just offshore of the airport, gromisingspot for anyfuturewave energy installatiotsecause of land
ownership and proximity to edérical distribution lines
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Figure 52. Final 2018 bathymetry.

1.5.3.3 Moorings

The ADCP on moorin@M recorded data frorduly 2018July 2019 at ~40m water depth. Following
Tschetter et al. (2016) time series of wave parameters are sh&iguie53 while the wave rose is
shown inFigure54. Monthly and annual statistics for this mooring are showfignre55and tabulated

in Tablel2.
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Figure 53. Time series of significant wave height (Hs), peak period (Tp), peak direction(Dp), mean
direction (Dm), directional spreading (S0), and water temperature (°C) from the Yakutat deep
mooring located at 40 m water depth over the period July 2018-July 2019.

Wave Height (m)
Hg > 5
4 <Hg <5
3 <Hg<4
-2§HS<3
El1 <Hg<2
O < H <1

Figure 54. Wave rose showing histogram of dominant wave direction (Dp) and frequency of

significant wave height (Hs) at each Dp from the Yakutat deep mooring located at 40 m water depth
over the period July 2018-July 2019.
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Figure 55. Monthly and annual statistics of wave data from the deep mooring over a one year

deployment from July 2018 7 July 2019.
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Table 12. Monthly and annual statistics of wave data for the deep mooring over a one-year deployment from June 28, 2018 at 23:00 |
July 6, 2019 at 02:00 UTC. Note that the total represents the annual mean over that period.

Jan Feb Mar Apr May | June | July Aug Sept Oct Nov Dec | Total

Mean 2.0 1.6 21 1.9 14 1.0 1.0 15 1.0 2.4 2.2 2.7 1.7

Standard Deviation| 1.0 0.7 1.2 0.9 0.5 0.3 0.3 0.6 0.5 1.2 0.9 1.1 1.0

Median 1.7 15 1.8 1.8 13 1.0 0.9 14 0.9 2.1 2.1 2.5 15
Hs | 10th Percentile 0.9 0.8 0.8 0.9 0.9 0.7 0.7 0.8 0.6 11 11 15 0.8
90th Percentile 3.4 2.4 3.9 3.0 2.0 15 1.6 2.3 1.8 4.2 3.6 4.3 3.1
Maximum 54 4.2 5.6 6.6 3.2 2.3 2.3 3.7 2.9 7.3 5.6 9.0 9.0
Minimum 0.5 0.4 0.4 0.6 0.6 0.5 0.4 0.4 0.3 0.6 0.5 0.9 0.3
Mean 11.3 115 115 10.6 9.9 10.0 10.2 9.3 10.8 | 10.6 | 10.2 11.2 10.6

Standard Deviation| 2.1 2.3 2.4 29 3.1 3.5 4.1 2.4 3.3 2.2 1.8 2.1 29

Median 111 11.1 11.1 10.2 8.8 8.8 8.3 8.8 10.2 10.2 | 10.2 11.1 10.2
Tp | 10th Percentile 8.8 8.8 8.8 7.3 6.6 6.2 6.0 6.9 6.9 7.8 8.3 8.8 6.9
90th Percentile 135 151 151 151 151 | 151 171 12.5 151 135 | 12.2 135 151
Maximum 171 171 171 171 171 | 17.1 17.1 171 171 171 | 17.1 17.1 171
Minimum 6.2 3.9 5.0 5.2 4.2 3.9 3.8 4.7 3.3 4.7 54 6.0 3.3
Mean 198 213 196 206 210 196 213 211 210 205 188 190 203

Dp
Standard Deviation| 70 70 69 63 59 64 48 48 51 61 66 73 63
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Median 197 222 198 206 213 208 216 220 212 212 189 193 208
10th Percentile 101 113 101 122 148 123 158 143 144 126 101 87 118
90th Percentile 280 286 277 278 277 256 264 263 272 282 269 281 274
Maximum 357 357 358 358 354 356 357 355 356 358 353 357 358
Minimum 1 1 1 6 2 0 13 10 8 2 1 1 0
Mean 201 222 207 207 214 198 214 212 214 207 195 200 207
StandardDeviation 44 39 40 40 31 52 33 31 32 35 35 43 39
Median 199 224 201 200 214 203 217 218 216 209 191 196 208
Dm | 10th Percentile 159 177 170 166 180 158 180 175 173 169 160 160 168
90th Percentile 250 262 258 257 250 240 246 244 247 242 236 246 248
Maximum 358 351 359 347 342 359 355 334 326 356 349 357 359
Minimum 6 35 9 17 4 3 7 1 0 5 30 6 0
(Table 1. contdd on next page)
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(Table 1. contdd)

Jan Feb Mar Apr May | June | July Aug Sept | Oct Nov Dec | Total

Mean 0.4 0.5 0.4 0.4 0.4 0.8 0.5 0.5 0.5 0.4 0.4 0.4 0.5

Standard Deviation| 0.0 0.1 0.0 0.1 0.0 0.2 0.2 0.0 0.1 0.0 0.0 0.0 0.2

Median 0.4 0.5 0.5 0.4 0.4 0.9 0.5 0.5 0.5 0.4 0.4 0.4 0.5
SO | 10th Percentile 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
90th Percentile 0.5 0.5 0.5 0.5 0.5 1.0 1.0 0.5 0.5 0.5 0.5 0.5 0.5
Maximum 0.5 11 1.0 1.0 1.0 11 1.0 0.5 1.0 0.5 1.0 0.5 1.1
Minimum 0.4 0.4 0.3 0.4 0.4 0.1 0.4 0.4 0.4 0.1 0.4 0.3 0.1
Mean 7.2 6.1 6.2 6.8 7.0 7.0 7.3 7.9 8.5 10.4 9.9 8.8 7.7

StandardDeviation 0.6 0.4 0.3 0.1 0.2 0.2 0.7 0.6 0.3 1.1 0.3 0.6 1.4

Median 7.1 6.1 6.2 6.8 6.9 6.9 7.2 7.9 8.5 11.0 9.9 8.7 7.2
Temp
eratu | 10th Percentile 6.4 5.6 5.8 6.6 6.7 6.9 6.4 7.2 8.0 8.6 9.6 8.1 6.3
re
90th Percentile 8.1 6.7 6.5 6.9 7.4 7.2 8.1 8.7 8.9 115 10.2 9.7 9.9
Maximum 8.3 6.8 6.6 7.1 7.6 8.1 10.8 114 9.5 12.2 10.8 9.8 12.2
Minimum 5.6 5.1 5.0 6.5 6.6 6.8 6.3 6.3 7.8 7.8 8.9 7.2 5.0
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Despite the eventual loss of the shallawd anid-moorings, they did provide ~6 months of data. Time
series of wave statistics derived from KI2CP on the shallow mooring are showrfigure56. The

wave rose fothis mooring is shown ifigure57. Monthly and annualvavestatistics for this mooring are
shown inFigure58 and tabulated ifable13. Note that theannual meamepresents the meafthe
deploymenperiodduring the summer months, fralune 282018 aR2:00- Oct 4 2018 atl8:00UTC.
Also note that 1) monthly means fornkiand October represanily 2.08 and 3.75 days of data for those
two months, respectively, and 2) the total represents the summer mearabperiti

Figure 56. Time series of significant wave height (Hs), peak period (Tp), peak direction (Dp), mean
direction (Dm), directional spreading (S0) and water temperature (°C) from the Yakutat shallow
mooring located at 14.7 m water depth over the period July-October 2018.
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