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SUMMARY

The inner the Bay of Fundy, in particular Minas Passage, has been identified as one of the primary
locations in eastern Canada for the installation of tidal in-stream energy conversion (TISEC)
devices. The interaction of fish populations with TISEC devices and the long term impact of these
interactions is a major source of uncertainty in the development of tidal energy. In addition, the
prevalence and natural behaviour of fishes at many potential development sites, including Minas
Passage, is poorly understood. Unfortunately, the physical characteristics of the Passage, water
clarity, and tidal currents/flow precludes effective use of many conventional fish monitoring tools
such as video for close-in turbine interaction studies and the deployment of trawling gear.
Conventional Simrad EK60 split-beam echosounding (120 kHz) was employed in Minas Passage
during eight seasonally distributed 1 to 2 tidal cycle duration acoustic surveys to investigate fish
spatial-temporal distributions and behaviours both in the FORCE turbine test sites near Black Rock
and extending across the adjacent wider Passage. Split-beam surveys were complemented with a 2-
D Simrad-Mesotech MS 2000 multi-beam (200 kHz) sonar and custom software for the extraction
of relative volume backscatter, a still experimental but emerging fish detection technology (Melvin
et al. 2003). Two new acoustic monitoring technologies, namely the CodaOctopus 3-D multi-beam
sonar (375 kHz) for short range turbine interaction studies and the ASL bottom mounted
echosounder (125 kHz) for long-term point site monitoring were also evaluated.

The best quality and most reliable Minas Passage fish data were obtained from the split-beam
system. Extensive, calibrated split-beam results are presented in graphic and tabular form for both
the acoustic volume backscatter (S,) and target strength (TS) regimes. Briefly, backscatter levels in
both the Channel and near the initial TISEC test site peaked strongly in June, the culmination of an
upward trend initiating in March. These observations are consistent with the late spring - early
summer influx of herring (mainly adult) and other seasonally transient species. August backscatter
levels were measurably lower but subsequently rose modestly until November, consistent with the
anticipated late summer and fall sea-going exodus of anadromous young-of-the-year spring-
spawning species through the Channel. Backscatter levels declined during mid-winter prior to the
influx of spring-spawning herring. This interpretation was also supported by the split-beam analysis
of fish target strengths (TS’s) with strongest mean TS’s in May and August when migratory fish
species may be moving though the Passage. Column biomass estimates ranged from < 1 to 7.5
tons’/km” on employing a backscatter to biomass conversion appropriate to herring. Acoustic
backscatter levels delineated seasonally complex and sometimes contrasting patterns of vertical fish
distribution in the Channel and in the shallower test site area, patterns which appeared to be
additionally influenced by diel fluctuations in ambient light levels and by tidal phase. Mid-water
column fish concentrations observed at the test site could potentially interact with tidal turbines.
Backscatter vs. depth data from these surveys should assist evaluation of potential fish stock
interactions with future tidal turbine configurations. September 2010 observations of the in-place
OpenHydro turbine by both survey systems revealed strong, seemingly buoyant acoustic wakes
proceeding from the downstream side of the turbine although normal turbine operation was unlikely
at this time.

Quantification of both the split-beam and multi-beam systems was seriously hampered by tidal
turbulence generated backscatter (bubbles) affecting the top 10 - 20 m of the water column and
frequently deeper. This effect was most prominent in the test site area except near slack tide.



Bubble cloud effects proved especially intractable in the MS 2000 multi-beam analysis in spite of
custom tools employed to minimize their effect along with the effects of radiated vessel noise and
cross instrument acoustic interference. When reliable multi-beam fish data could be extracted,
results were generally consistent with those of the more noise immune split-beam system.

Sea tests of the CodaOctopus 3-D sonar and ASL Profiler were restricted to less turbulent waters
than Minas Passage. The Coda sonar displayed a maximum detection range in the order of 30 m for
acoustic test targets representative of individual adult herring — and, by inference, lesser ranges for
many smaller fishes of interest in Minas Passage. While the Coda unit was suitably packaged for
autonomous underwater deployment, such operation was characterized by high power consumption,
critical operational adjustments, firmware signal processing of uncertain quantitative characteristics,
and excessively high levels of real-time signal decimation. The system was also very costly for a
high risk environment. These characteristics in combination appeared to make the Coda unit
unsuited for the autonomous monitoring of fish stocks or for the monitoring of the full (OpenHydro)
turbine aperture from a spatially remote bottom deployment. The unit might have some potential
for short range turbine aperture observations if mounted on the turbine superstructure itself with
remotely supplied power and high speed (fiber-optic), real-time data and control links to shore.

The ASL profiler, trial deployed on bottom in a high speed tidal channel in Passamaquoddy Bay,
performed well, obtaining a continuous, low noise full water column (approx. 50 m) profile of fish
backscatter including an apparent marine mammal detection. The unit is low cost, self-contained,
and engineered for autonomous operation with sufficiently modest power requirements and ample
data storage to make multi-month deployments feasible. While probably unsuited to close-range
turbine aperture monitoring, such a unit, properly housed and protected, has potential for
continuous, fixed-location, high vertical resolution monitoring of water column backscatter levels
including transitory events in Minas Passage or elsewhere.
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1. INTRODUCTION

1.1 Context

The inner Bay of Fundy has been identified as one of the key locations for the installation of tidal
in-stream energy conversion (TISEC) devices. Based on a NRC technical report summarizing 3-D
modeling and assessment of tidal current energy resources (Durand et al. 2008), the potential power
generation capacity in Minas Passage exceeds all other areas in the Bay of Fundy. The Passage is
also home to a diverse assemblage of fishes, marine mammals, and invertebrate species. Currently
there are in excess of 50 species of fish and invertebrates (commercial and non-commercial)
inhabiting or passing through Minas Passage on an annual basis. Knowledge of when these species
are present in the Passage, how these species are distributed vertically and horizontally in the water
column, whether they are long term or transient inhabitants, and, especially, their reaction/behaviour
when encountering an artificial underwater structure is critical to our understanding of the risks
associated with the safe deployment of tidal turbine devices and the large scale development of
TISEC-based tidal power.

The physical characteristics of the passage, especially water clarity, and tidal currents/flow which
preclude use of the more conventional suite of biological monitoring tools, including video and
bottom trawls, illustrate the advantages of acoustic sensing techniques. An earlier pre-installation
trial acoustic survey in the same general area (Melvin et al. 2009) disclosed high levels of acoustic
backscatter in the upper half of the water column. This appeared to arise from tide rip associated
bubble cloud aeration, especially that extending westward from the vicinity of Black Rock on ebb
tidal flows. While surface turbulence/aeration backscatter can, and did, obscure biological targets in
the upper water column there was no detectable associated attenuation of acoustic backscatter
echoes from the lower portions of the water column. This implies that targets lying outside the
turbulence zones (i.e. multiple bubble clouds) can be reliably detected and quantified acoustically.

Advancement of TISEC technology in the Bay of Fundy has taken a sequential approach beginning
with the identification of potential development sites, establishment of a Minas Passage test site just
west of Black Rock, Nova Scotia by the Fundy Ocean Research Centre for Energy (FORCE) via a
20 year Crown lease, and the initial test deployment of an OpenHydro turbine unit at one of four
defined near-shore test berths on 12" November 2009. Unfortunately, communication via acoustic
telemetry with this device was lost soon after deployment and a camera survey in March 2010
appeared to indicate two turbine blades missing. On turbine removal on the 16™ December 2010 all
blades were missing. At the time of preparation of this report (late 2013), no additional turbine
deployments have been attempted.



The present report is intended as a stand-alone document. Therefore, the authors have drawn freely
from their earlier reported materials, as appropriate, including a published technical report (Melvin
& Cochrane 2012) based on the initial (16" Sept. 2010) Minas Passage survey. Where analyses and
conclusions have since evolved, appropriate modifications have been made.

1.2 Project Chronology

The Offshore Energy Environmental Research Association (OEER) and the Offshore Energy
Technical Research Association (OETR) are twin not-for-profit organizations incorporated in 2006
by grants from the Nova Scotia Department of Energy to support ocean-related environmental
research including the impacts of renewable energy technologies. As of 1% April 2012 the OEER
and OETR have been amalgamated as the Offshore Energy Research Association of Nova Scotia
(OERA). On 15" May 2009 the Associations issued a call for Expressions of Interest (EOI)
concerning “Research on Tidal marine Energy”. A DFO response to the EOI outlined a program to
investigate fish interactions with tidal turbines, the program which subsequently evolved into that
currently reported.

The Project chronological progression from start to finish is summarized in APPENDIX 1. Specific
dates pertaining to the project’s progress including contract awarding, formal changes in focus,
survey timing, and reporting are identified. Existing technical reports and other readily accessible
communications arising from this project are listed in Section 8.

1.3 Reporting

1.3.1 Progress Reports

The Joint Project Agreement (JPA) governing this work mandated periodic reporting to the
OEER/OETR as a pre-condition for receiving Project Progress Payments.

Formally submitted Project Progress Reports:

6 October 2010 — Progress Report treating seagoing and laboratory trials of the Coda Octopus 3-D
sonar and a brief overview of the initial 16 Sept.2010 site survey.

21 February 2011 — Progress Report treating some initial analysis of the 16 Sept. 2010 survey, both
split-beam and multi-beam, including innovative approaches to 2-D multi-beam processing.

1 June 2011 — Progress Report primarily treating improvements to 2-D multi-beam processing,
especially computation of beam-specific “Integrated Beam Width Factors” and the quantitative

effects of signal “thresholding” in connection with volume backscattering strength estimation.

01 January 2012 — Progress Report primarily treating 4 combined split-beam/multi-beam Minas
Passage fish surveys conducted in the period 22 Aug. — 22 Nov. 2011.
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1.3.2 Final Report

30 November 2013 - The present document marks the end of the project and represents the final
report covering all aspect of the study from the beginning in 2010 to the completion in 2013.

2. OBJECTIVES

The original Project objectives in abridged form as stated in the negotiated and revised proposal of
16™ Sept. 2009 — “Project Synopsis/ Overview” were: “... to image fish trajectories about Minas
Passage TISEC turbines using bottom-mounted sonar with a 3-D viewing field with the objective of
observing and quantifying the distribution and abundance of fish in the water column and their
ability to detect and avoid turbines.” Also stated was “The sonar of primary interest is the
CodaOctopus EchoScope 11, one of the very few proven 3-D imaging sonars.” The project was to
extend over 3 years starting in the fall of 2009 with year 1 devoted to a “proof of concept”. Under
“Scientific and Technical Objectives and Outcomes”, it was stated: “Critical parameters extractable
from the acoustic analysis include fish densities as functions of height above bottom and the phase
of the tidal cycle - both in the presence of and remote from the turbine; the frequency of fish
transiting the turbine aperture; any fish trajectory deviations apparently induced by turbine presence;
and species information from resolved target shapes, echo amplitudes, or other characteristics.”
More simply stated, it was proposed to first evaluate and, if deemed suitable, utilize the
CodaOctopus Echoscope II 3-D sonar to image fish trajectories close to the mouth of an operating
tidal turbine with the objective of determining the degree to which fish actively avoided the
operating device. More remote from the turbine, and possibly within the same contiguous field of
view, one would seek to quantify the “undisturbed” characteristics of fish abundance and vertical
distribution. Our philosophy/methodology for sonar based turbine monitoring is elaborated in
APPENDIX 2.

A major shift in Project direction (APPENDIX 1) occurred in the summer of 2010 when the planned
usage of the Coda 3-D imaging sonar was judged impractical due to a combination of inadequate
sonar performance; difficulty in satisfying power consumption requirements; and the challenges,
risks, and costs associated with emplacing an autonomous bottom package within the necessary
stringent spatial and orientational constraints in an extremely harsh environment. Nor, under close
examination, did the alternative of placing short-term, more conventional acoustic systems on-
bottom, wired to a surface vessel seem practical. There was also growing concern as to the normal
functionality and future operational status of the deployed OpenHydro turbine unit since operational
telemetry was not being received.

The consequent “New Directions” document of 6 Aug. 2010 defined two modified objectives:

1) To better understand the detailed physical acoustical operational environment and fish
distributions in the immediate vicinity of Minas Passage TISEC device(s) 1.e. turbines.
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2) To place bounds on fish avoidance of the TISEC device(s).

Objective 1 would be met by surface vessel-based, conventional fisheries acoustic grid surveys
around the turbine test site using a Simrad EK60 split-beam echosounder and a Simrad-Mesotech
MS 2000 multi-beam sonar. Usage of both systems, based at DFO’s St. Andrews Biological
Station, had previously been proven in Minas Passage. The survey component would satisfy the
original Project objective of better defining fish distributions and behaviours near TISEC test sites.
Furthermore, fish density - with anticipated seasonal, tidal, and diel dependencies, could be
intensively explored with at least one fully established, highly quantifiable acoustic instrument
(split-beam echosounder).

The path to objective (2) was less well defined. One tentative methodology was use of two ASL
bottom-mounted echosounders, one deployed near-turbine and a second simultaneously deployed
more remotely. Comparison of bottom sounder-derived fish densities might reveal signs of any
“long-range” turbine avoidance but monitoring within the potentially more critical “local”
avoidance zone (i.e. at ranges from the turbine comparable to the turbine aperture) would remain
out-of-reach.

As circumstances unfolded, an acceptable DFO vessel charter was not arranged until Aug. 2011 (the
anticipated use of a DFO CCGS J. L. HART replacement vessel working out of St. Andrews did not
materialize). Only a single acoustic survey of the turbine site (Sept. 2010) could be arranged before
an inoperative OpenHydro unit was removed in Dec. 2010 with uncertain prospects for the
emplacement of a similar or alternative turbine unit within the remaining Project time frame.
Therefore, the post-2010 Project reduced to achieving Objective (1) with, at most, a
demonstration/evaluation of a bottom-mounted ASL profiler in Minas Passage. Purchase of an
appropriate single ASL unit using DFO resources was contemplated by the Saint Andrews
Biological Station and this unit might be made available for limited Minas Passage testing.

3. METHODOLOGY

3.1 Study Area

Minas Passage, located in the inner Bay of Fundy, is a relatively narrow channel, approximately 12
km long and 5 km wide, that allows the flow of tidal waters into and out of Minas Basin (Fig. 1).
The passage is characterized by strong, predominately lunar semi-diurnal (M;) period tides of
average 10 m amplitude with spring tide peaks of more than 13 m and with associated tidal currents
ranging from 6 - § knots (3.0 - 4.1 m/s) during maximum flow (Tides & Currents Software, Version
1.05). On specific surveys tidal currents were estimated to exceed 11 knots for short periods near
spring tide peak flow at the test site. Water depths in the Passage exceed 135 m, but at the
OpenHydro turbine test site range from 28 — 41 m depending upon the tide. Detailed physical
characteristics of the Passage are available in several published reports (Durand et al. 2008,
AECOM 2009).
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3.2 CodaOctopus 3-D Imaging Sonar

A sonar unit demonstrated in Bedford Basin by Coda Octopus, and their distributor ROMOR Ltd.
personnel, in the summer of 2009 was observed to have a capacity for high spatial resolution 3-D
imaging at high pulse repetition rates suggesting its potential suitability for 4-D (X, Y, Z, t)
delineation of fish targets (i.e. the tracing of discrete fish trajectories near the intake apertures of
tidal turbines, provided effective fish detection ranges of the order of 50 m could be achieved).
Unlike recently developed, heavy, ship-based, lower frequency 3-D sonars such as the Simrad
MS70, the Coda sonar appeared sufficiently compact and suitably packaged to allow autonomous
bottom deployment from a small vessel. A single CodaOctopus Echoscope II sonar unit was
procured for evaluation at BIO in the fall of 2009 with special cooperation from the manufacturer.
A description of the Coda Octopus Echoscope II sonar, its field and laboratory testing at BIO, its
subsequent field evaluation in Passamaquoddy Bay, and conclusions as to its possible applicability
to fish behavioural studies in the immediate proximities of TISEC devices are treated in
APPENDIX 3.

Because of the technical limitations of the sonar unit discerned through the laboratory and field
trials outlined in APPENDIX 3, the high cost of long-term Coda rental, and the high monetary value
of the sonar head (> $200 K) considered in the light of the non-negligible probability of loss or
damage inherent in autonomous Minas Passage deployments - it was concluded that alternative
directions should to be pursued. Our tests of the Coda sonar do not completely rule-out the Coda
sonar as a useful fish monitoring and possibly turbine avoidance detection tool if deployed under the
following conditions:

1) The imaging sonar were mounted directly on the turbine superstructure in a manner such that
the sampling geometry could be precisely pre-set or adjusted remotely to allow extraction of
observations within ranges of a few 10’s of meters of the sonar head. At these ranges fish
targets of primary interest could be detected at the signal-to-noise ratios required for
quantification, and/or fish trajectories could be monitored over all of - or over an appreciable
fraction of - the turbine intake aperture to enable direct enumeration of fish transits.

2) A sonar-to-shore fiber-optic control and data link were available thereby enabling sonar
performance to be remotely monitored and adjusted in real-time and data sent to shore for
display and analysis

3) Ample electrical power could be directly supplied from shore permitting long duration (i.e.
multi-month) observations. Fish species composition , abundance , and behaviour including
turbine avoidance likely vary with tides, diurnal light levels, and with season therefore
requiring extended and continuous observation times to discern.

When the unfeasibility of utilizing the Coda sonar as initially envisioned became apparent the
Program was redirected toward studies of the Minas Passage fish populations with special emphasis
on the FORCE Test Area on the north side of the Passage. This work conducted using more
conventional ship-based acoustic technologies constitutes the bulk of the subsequent program and is
treated below.
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3.3 ASL Acoustic Water Column Profiler

The “New Directions” response document of 6 Aug. 2010 (APPENDIX 1) identified the possible
use of bottom-mounted echosounders in the vicinity of the test sites as an investigative monitoring
tool. An ASL Environmental Sciences (based Victoria BC) Acoustic Water Column Profiler was
procured (non-OEER funding) by DFO’s St. Andrews Biological Station for exploratory stock
assessment. It was planned to conduct a field deployment based assessment of this instrument in or
near Minas Passage in the fall of 2012 as an integral part of the present Project. However,
unanticipated weather and vessel scheduling constraints precluded deployment prior to the official
Project termination on 31 Oct. 2012. In consideration of the fact that OEER funds had already been
expended both to adapt the earlier CODA sonar triangular bottom platform to accommodate the new
ASL instrument and to gear-up for the trial deployment, DFO completed a trial of the device in a
strong tidal channel in Passamaquoddy Bay in late November 2012 at no additional cost to the
Project. The report on this deployment appears in APPENDIX 4.

Overall, the 125 kHz bottom-mounted ASL instrument performed reasonably well in a strong tidal
environment displaying sufficient sensitivity and dynamic range to detect fish (and a possible
marine mammal) at water depths of the order of 50 m, depths consistent with those encountered at
the Minas Passage test site. There was little indication of excessive flow noise or serious spurious
responses. Battery capacity exists or is readily expanded to allow multi-month deployments at quite
useful time and depth resolutions. The ASL instrument is reasonably inexpensive (approx. $ 25
k/unit single channel), a potential virtue considering the risks attendant with any extended
instrumental deployment in Minas Passage. More complex (and expensive) autonomous
echosounders have also recently appeared on the market including bottom-mounted split-beam
echosounders — so several factors need be considered to select the appropriate instrument for a given
objective and given deployment environment.

Bottom-mounted echosounder technologies would seemingly be of utility in monitoring a few
representative locations between traditional grid surveys using more conventional ship-based
scientific systems. Long term deployments would allow seasonal biological cycles to be reliably
resolved, enable the separation of tidal origin vs. diel biological effects, as well as enable the
detection of any strong transitory events. Calibrated multiple instruments suitably employed
spatially around an active turbine might also directly detect “long range” fish avoidance provided
the effects were reasonably pronounced.

3.4 Ship-based Acoustic Surveys

3.4.1 Vessel Platform and Acoustic Survey Systems

Commencing on 19th Sept. 2010 and extending to 25 & 26" June 2012 a series of nine (9) moving
vessel acoustic surveys were conducted in Minas Passage. The charter vessel FUNDY SPRAY (Fig.

2), a 15.4 m, 38 gross ton small passenger vessel owned and operated by the Huntsman Marine
Science Center in St. Andrews, N.B. was employed for all surveys. Two active acoustic systems
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were deployed: (i) a split-beam echo-sounder operating at 120 kHz (Simrad EK60) and (ii) a 2-D
200 kHz multi-beam sonar (Kongsberg-Mesotech MS 2000, hardware wise also formerly designated
as the SM 2000). Acoustic transducers for both the EK60 echosounder and the MS 2000 sonar were
pole-mounted (Fig. 3) and deployed at about 1.5 m depth off the starboard side of the vessel. This
enabled delineation of both a narrow vertical cone beneath the vessel (split-beam, 7° conical beam
angle) as well as a port-starboard fan swath (multi-beam, 180° fan swath, beam angles approx. 2.5
along fan x 1.5 out-of-fan). While the transducer configuration was similar to that utilized on the
earlier trial survey of Melvin et al. (2009), the comparatively more substantial transducer support
boom supplied by the Charter vessel enabled safe profiling to at least 12 knots and measurably
contributed to the overall success of the undertaking. The ship’s navigation differential GPS unit
provided NEMA 083 positional serial data streams to both the EK60 and the MS 2000. Time was
extracted from the computer clocks. System-specific software was used for data logging; Simrad
ER60 for the EK60 echo-sounder and Simrad MS 2000 Version 1.4.2 for the multi-beam sonar.
Ping rate was set at 1.0/s for both systems with an intentional very slight offset in ping rates to
minimize the possibility of the two systems interfering with each other in a continuous manner over
an extended time period.

3.4.2 Survey Description
3.4.2.1 Initial Survey Methodology

The primary goal of the initial survey was to monitor fish distributions in the vicinity of the Minas
Passage turbine (OpenHydro) over a complete tidal cycle. On this survey, just over 6 hours of
simultaneous 120 kHz split-beam and 200 kHz multi-beam data were collected. Upon reaching the
test site the transducers were lowered to slightly below hull depth, fixed into position, and the
acoustic systems activated. Data collection in the vicinity of the turbine began on the 16™ of
September 2010 at 12:16 GMT, about 2 hours after local high tide, and ended at 18:35 GMT, 2
hours past local low tide - earlier than planned due to deteriorating weather (Fig. 4).

The first step was to verify the exact position of the turbine relative to the co-ordinates (45° 21.897'
N 64° 25.5762' W) provided by the developer. After the supplied turbine location was successfully
verified by sonar, several experimental passes were made over the device to determine the best
approach direction given the system’s orientation, tidal currents, and weather conditions (Fig. 5).
Subsequently, a series of 7 survey transects were established approximately 100 m apart, 3 north
and 3 south of the predominately east-west line passing over the turbine (Fig. 1). These transects
extending in the direction of the general prevailing current approximately paralleled the northern
shoreline. The transects, which varied in length from 900 m to 1400 m, were surveyed sequentially
and continuously until about 18:30 GMT when the vessel undertook several final passes over the
turbine before heading to port for shelter. Additional acoustic data more remote from the turbine
site were collected on the transit to Parrsboro. All data acquisition ended at 19:03 GMT.

The EK60 system settings for the September 16, 2010 survey are presented in Table 1. Table 2
summarizes the location, time, tidal phase, and transect length. Table 3 summarizes the backscatter
for each transect occupied throughout the day. Although the duration of true slack water in Minas
Passage is very short, one hour before and after low tide (16:32 GMT) was considered slack tide for
this report and the subsequent analyzes. In total, data from 25 individual transects were collected
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with both the EK60 scientific echo-sounder and the MS 2000 multi-beam sonar (Fig. 6). All data
were checked for completeness and archived on DVD prior to analysis.

3.4.2.2 Subsequent Survey Methodologies

The tidal turbine was removed after the 16 Sept. 2010 survey; no alternative TISEC unit was
installed during the project period. While this precluded further observations of fish interactions
with the turbine, it did afford an extended window to observe baseline conditions. For subsequent
surveys it was considered expedient to utilize the basic 7-line grid pattern established on the initial
survey, supplementing this with two additional adjacent transect lines, one about 100 m north of and
parallel to the earlier grid and the other about 100 m to the south of the original grid. The new 9-
line grid transects were denoted TO to T8 (Table 4) from nearest-shore to furthermost off-shore (i.e.
northernmost to southernmost) with lines T1 to T7 representing the grid of the initial survey after
modest adjustments to equalize line lengths (Fig. 7). It was also considered prudent to tie in the 9-
line intensive survey grid covering the vicinity of the turbine test berths with additional transects
sampling the wider fish distribution cross-channel. To this end three (3) additional survey lines
were defined, “X1, “Y1”, and “X2” (also Table 4). Line X1 extended from the easterly end of T8
generally south-westward across Minas Passage to about the 30 m bathymetric contour on the
southern coastline. Line Y1 followed the approximate 30 m contour along the south coast to the
start of the return transect X2 which paralleled X1 and extended through the western end of T8
north-eastward to terminate at the western end of TO.

Grid surveys started at the western end of TO and each successive transect of the 9-line grid was
occupied in numerical order, alternating survey direction on each successive line until arriving at the
eastern end of T8. Ensuing cross-channel line X1 terminated near the Passage southern coastline
followed by Y1 east-to-west and then the return line X2 arriving at the west end of TO (i.e. the
survey origin). The overall strategy was to repeat successive “grids” over the duration of a survey,
the duration being either 1 or 2 tidal cycles as the vessel could only return to port near high tide. On
several occasions extreme tidal currents or equipment problems forced deviations from the regular
pattern. In addition, on the 25 — 26" June 2012 survey some cross-channel lines were intentionally
skipped for an extended time period to better define the temporal characteristics of extremely high
fish concentrations encountered on the close-spaced portion of the grid.

On single (1) tidal cycle surveys, the vessel departed Parrsboro on an early morning high tide and
returned on the evening high tide the same day. This normally permitted the completion of 3
complete grids plus the close-spaced portion of a 4™ grid — sometimes more. Single tidal cycle
surveys were limited to daylight data acquisitions. Two-tidal cycle surveys enabled more efficient
use of ship time, with surveys extending into Grids 10 tol12 with good coverage of both day and
night time conditions. A significant amount of time (~2 hours) was normally expended to set-up
and debug equipment on arriving on-site, and to conduct CTD profiles off Black Rock prior to
initiating survey. For CTD profiles, temperatures and salinities were averaged from the surface to
about 15 m depth and then used to compute acoustic sound speeds and absorption coefficients.

For the EK60 split-beam sounder settings such as pulse length, power, and ping rate were fixed

similar to the 2010 survey, however factors affecting the transducer and speed of sound were
adjusted according to pre survey calibrations and water parameters at the time of surveying. For the
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MS 2000 multi-beam the maximum acquisition range was set to either 50 or 75 m for both the
close-spaced grid and for Y1, and to either 100 or 150 m for X1 and X2. The sonar pulse length
varied with maximum range setting, ranging from 100 ps for 50 m range to 325 pus for 150 m range.

3.5 Analysis: Ship-based Surveys
3.5.1 Data Handling and Initial Processing

3.5.1.1 General

Data handling and initial processing of information from the two acoustic systems differed
significantly. Both the EK60 and the MS 2000 collect relatively large volumes of data that must be
scrutinized and edited to identify fish and non-fish targets prior to quantitative analysis. For the
EK60 a commercial editing and analytical software package, Echoview Version 4.9 and 5.3 by
Myriax, were used for all data analysis. Calibration parameters characteristic of the system and the
environment were checked and updated if necessary (Table 1, Table 5). Similar survey-oriented
software was not available for analyzing the MS 2000 data and the analyses was conducted using
analytical tools developed by the authors.

The split-beam and multi-beam systems provide complementary information that may improve the
identification of fish-like targets from background noise in the editing phase of the analysis. The
MS 2000 multi-beam sonar’s 180" beam fan samples a much larger water volume than the narrow 7°
vertical beam of the EK60, potentially permitting a superior statistical description of shallow depth
fish distributions as well as sparsely distributed fish schools and aggregations. The EK60, in
contrast, is an inherently more sensitive system which should yield higher signal-to-noise ratio
information on weakly scattering fish in the deeper portions of the water column. The echosounder
is specifically designed for accurate fisheries quantification with standardized calibration protocols
and compatibility with widely accepted commercial analytical software. In contrast, the MS 2000
remains largely an experimental system for fisheries applications, is presently somewhat less well
characterized quantitatively, and with analysis restricted to methodologies and software developed
“in-house”. In regard to the MS 2000 much of what follows constitutes original approaches to
extracting information from a multi-beam system.

3.5.1.2 Initial Data Reduction
EK60

For the EK60 echosounder little data reduction or compression was applied prior to analysis, the
exception being rejection of files containing no information or transects of no interest. Data files
were first loaded into Echoview as one continuous survey track for scrutinizing. Once loaded, the
sections of the file related to specific transects were defined as “regions” and labelled accordingly.
Table 2 identifies the individual transects and labels of the September 16, 2010 survey while Table
5 summarizes the characteristics and physical parameters of the survey series conducted between
August 2011 and June 2012. Details for individual transects are provided in APPENDIX 5 and the
transect locations within the passage in Fig. 7. Initially two range boundaries were established for
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the editing of the EK60 data, the first 1.5 m below the transducer (120 kHz) face (acoustic near field
zone) and the second 0.5 m above the sounder-detected bottom. All backscatter outside this
vertically (i.e. top and bottom) bounded zone was excluded from further analysis. Fixed vertical
intervals (1 m for the 2011/2012 surveys and 5 m for the 2010 survey) were established for depth
specific analyses. Extraneous acoustic targets such as the turbine superstructure and turbine-
associated turbulence were identified and excluded from fish backscatter calculations.

MS 2000

Multi-beam sonars synthesize a contiguous fan of narrow sonar beams using signal amplitude and
phase information acquired by a large array of discrete receive transducers. The MS 2000 multi-
beam can acquire field data in either raw elemental, non-beamformed form, i.e. data from the
individual receive array transducers are stored for later off-line beamforming, or the array data can
be beamformed in real time by company proprietary software and stored in the resultant reduced
form. For this study raw elemental data (i.e. non-beamformed “.smb” output format) was selected
to enable the use of our quantitatively better understood in-house developed beamformers
(Cochrane et al. 2003) as well as to provide greater analytical flexibility in post-processing. For the
Sept. 2010 survey, data were first beamformed in post-processing in successive groups of 1000
pings to facilitate trials with differing analytical concepts. All subsequent surveys were
beamformed in units corresponding to individual grid survey transects. The earlier Sept. 2010 data
were eventually also reprocessed in transect units for consistency. The Sept. 2010 data files were
additionally beamformed using a non-linear algorithm (Cochrane 2002) to determine if the
alternative technique might improve fish detection. While cursory inspection showed that the non-
linear processing did yield visually less noisy appearing fan sections, the technique did not clearly
reveal additional fish echoes. Consequently, it was decided to use only “normal” linear
beamforming because of its inherently superior quantification potential.

3.5.1.3 Data Processing
EK60

General: Data processing was essentially the same for the single 2010 survey and the 2011/2012
surveys. Once the regions (transects) were defined in the data files and the vertical analysis intervals
identified, a third variable depth boundary was manually established defining the upper margin of a
layer that included all valid observations lying below the surface bubble/turbulence backscatter
zone. This required careful scrutinizing of the echogram to separate areas of surface backscatter
noise from areas containing potentially un-obscured fish targets. An additional boundary was
established at 10 m to investigate the distribution of backscatter associated with the surface layer.
Figure 8 illustrates the boundary layers and demonstrates the subjective nature of assigning this
boundary. Depth intervals of 5 m for the 2010 survey and 1 m for the most recent surveys were
established between the sea surface and the varying depth of the bottom boundary for subsequent
quantification. Backscatter for the entire water column and the vertical intervals were estimated
following standard acoustic procedures in the Echoview software. Output options for backscatter
included volume backscattering strength (S,), Nautical Area Scattering Coefficient (NASC), area
backscattering coefficient (ABC), and area backscattering strength (S,). Most estimates of
backscatter for the EK60 were expressed in NASC or S, units where the difference between S, and
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NASC is simply a scaling factor (MacLennan et al. 2002). A total of 26 transects were extracted
from the echogram data in September 2010 compared with 512 for the 2011/2012 surveys, and
subjected to analysis and variable output (APPENDIX 5).

TS estimates: The Echoview acoustic editing software contains a module that uses standard
algorithms to detect individual targets based on a series of input parameters. The output is the target
strength distribution of those reflectors which meet the selection criteria. Although the detection of
single targets during vessel transit is far more difficult than when stationary due to reduced target
redundancy, and generally leads to the selection of fewer echoes, it is still possible. However, it
should be noted that the selection of targets is very sensitive to the threshold values used to
determine whether an echo originates from a single or multiple target(s) within a sample layer.
Information on the distribution of target strength for high probability single-target echoes can be
used to infer fish size and possibly species.

Acoustic transect files were edited in Echoview to remove unwanted noise then subjected to the
single target detection algorithm contained within the virtual echogram module. Individual fish
targets were identified in the water column within the boundaries defined as the surface (noise
removed) and the bottom as described above. Slight refinements in the detections parameters were
implemented between the 2010 survey analysis and the 2011/12 survey series which reduced the
number of targets detected modestly. Target detection parameters for each time period within the
Echoview editing software were defined as follows:

2011/2012 Surveys  Sept 2010

TS Threshold (dB) -55.00 -60.00
Pulse length determination Level (dB): 6.00 6.00
Minimum normalized pulse length: 0.70 0.60
Maximum normalized pulse length: 1.20 1.50
Maximum beam compensation (dB): 6.00 6.00
Maximum Standard deviation minor-axis (degrees): 0.60 0.60
Maximum Standard deviation minor-axis (degrees): 0.60 0.60

Detailed data on range, angular position, compensated and uncompensated TS for each target were
exported to an MS Excel (CSV) file for analysis. These data were subject to further filtering
following the criteria established by (Pefia 2008). Only targets within a low signal-to-noise region
of the acoustic beam based on a target-beam composition of -3 dB and maximum within beam offset
of 3" from the acoustic axis were selected for the analysis. This resulted in a reduction of targets by
approximately 50%. Each target was then assigned to 10 m depth intervals to investigate variability
in TS with depth. TS was converted to backscatter (c,s = 10" 19), averaged in the linear domain,
then converted to mean TS (TS= 10 log o). Day time was defined as 1 hour after sunrise and
before sunset, while night was 1 hour after sunset and 1 hour before sunrise. The two hour
transition periods at dawn and dusk were not included in the day/night analysis.

MS 2000 Multi-beam
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Several approaches were explored in the quantitative analysis of MS 2000 data. The initial
approach was an exploratory implementation of direct echo counting or enumeration to make
maximum use of the large ping-to- ping ensonification volumes provided by the multi-beam. In the
end, the vast bulk of our analysis relied on the extraction of Volume Backscattering Strength in a
manner somewhat analogous to that employed for the EK60 echosounder but requiring adaptation
for the complex synthetic beam patterns of the multi-beam and further efforts to suppress extraneous
noise which was markedly more prevalent than with the single beam system.

Time Base: Recorded MS 2000 data were time-stamped from the time base of the logging
computer. On data playback this time base displayed both an offset and, in some cases, a linear
offset drift from the EK60 time base. For the initial Sept. 2010 survey, when observations of the
OpenHydro turbine were conducted, a specialized algorithm harmonized MS 2000 time to EK60
time to within 2 s over the entire logging period. For subsequent surveys, analyses proceeded on the
basis of spatially-defined transects making harmonized timing less critical but EK60 and MS 2000
data times were usually harmonized to within 60 s.

Fish Densities from Echo Enumeration: Fish concentrations (fish/m®) as functions of depth can be
estimated by, first, the direct counting or enumeration of manually identified fish echoes for
contiguous depth intervals over a predefined number of successive fan sections (i.e. pings), followed
by division of the total accumulated fish counts for specific depth intervals by the total “effectively”
ensonified water volumes (explained below) for the same depth intervals. The advantage of a
manual direct counting approach is that operator experience enables the rejection of false fish
echoes arising either from spatially extended or diffuse bubble clouds, from recognizable extraneous
noise bursts, or from the more continuous noise background especially at longer profiling ranges.
This largely overcomes the fundamental weakness of the alternative Volume Backscattering
Technique outlined below where either all sources of noise are accepted, or else specialized
algorithms are developed and employed to recognize and reject specific types of false signals. In
practice, manual target selection is achieved by simply mouse clicking on visually identified fish
echoes over successive fan sections. For each selected echo, port-starboard echo position and depth
are computed from mouse-selected screen coordinates and converted to echo latitude, longitude, and
depth using GPS vessel course (i.e. direction of travel) as a first estimate to vessel heading
(directional orientation). The approximation of vessel heading in this manner is not particularly
accurate within strong tidal streams, but the only measure available (vessel heading is not utilized
for any results presented in this current Report). A supplementary ping-by-ping file of maximum
usable profiling ranges is also generated by mouse clicking on the nearest point on bottom including
the leading edge of any artificial bottom structures. Normally, fish echoes are not discernible at
ranges greater than the transducer to first bottom arrival (echo) distance on all fan beams including
beams at inclinations far removed from the vertical. At profiling ranges exceeding the transducer to
bottom distance, continuous high-level bottom-scattered energy arrives at the receive transducer
array elements and dominates the beam-forming process. This intense bottom-scattered energy
contaminates or masks otherwise legitimate low-level signals originating within the water column in
inclined fan beams at profiling ranges greater than the minimum transducer to bottom range. Some
of the interfering energy arises from normal beam side lobe leakage but the effect is usually
exacerbated by non-linear processes such as signal clipping and anomalous array elemental
interactions.
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The direct counting methodology, while possessing high discrimination for legitimate fish targets,
has three fundamental weaknesses all effectively addressed or side-stepped by the more standard
Volume Backscattering Strength technique:

1) The difficulty of defining “effectively” sampled water volumes on a ping-by-ping basis:
While the port-starboard beam fan swath is well defined for imaging purposes, the fore-aft
angular detection space is not. The fore-aft beam response declines in amplitude gradually
and systematically on moving either fore or aft of the nominal central plane of the fan swath.
Consequently, it is inescapably subjective to determine whether a fish echo of given strength
lies “inside” or “outside” any arbitrarily established fore-aft angular sampling boundary.
Stronger fish echoes will be clearly discerned at greater angular distances from the central
swath plane.

2) The laborious nature of target-by-target manual echo identification making application to the
full quantity of data constituting a typical fisheries acoustic survey impractical — unless,
perhaps, the human operator can be removed and automated target recognition algorithms
employed. Consequently, it proved feasible to apply this methodology to only a few
representative data selections from the initial Sept. 2010 data set.

3) The failure of the methodology when fish are aggregated into sufficiently tight schools that
individual fish echoes cannot be confidently resolved.

The theory, implementation, and limitations of the direct counting approach are more fully
discussed in APPENDIX 6.

Volume Backscattering Strength: Volume backscattering strength (abbreviated VBS — symbol S,) is
a standard quantitative measure of backscatter widely employed in conventional single beam
acoustic fish surveys including those conducted using split-beam sounders like the Simrad EK60.
By strict definition VBS is a measure of the acoustic intensity returned or “backscattered” from 1 m’
of ensonified water, observed at a (mathematically) reduced reference range (by convention 1 m),
using a unit intensity ensonifying source, the quantity expressed in logarithmic decibel form: S, =
10 log(sy R;) where s,, the “volume backscattering coefficient”, is the relevant intensity and R; the
unity reference distance (see Clay & Medwin 1977 for a fuller development of acoustic terminology
and relevant concepts). Our practice is to use the symbols “S,” or “VBS” to refer to backscatter
measures in either decibel or linear form but qualified by the terms “linear form” or “linearized” S,
when the linear form (i.e. sy) is implied. Even for conventional single beam (including split-beam)
echosounders, VBS is a challenging quantity both to measure accurately and to interpret properly in
terms of real-world fish densities and biomass distributions (MacLennan & Simmonds 1992, Clay &
Medwin 1977). When VBS extraction is applied to multi-beam systems, quantification and
interpretational challenges are multiplied (Cochrane et al. 2003, Foote et al. 2005) due to multiple
and differing synthesized beam patterns, a susceptibility to extraneous noise, and, importantly, the
difficulty of characterizing fish target strengths at variable and generally non-dorsal ensonification
angles as further discussed below.

Computationally, linear form VBS at a given observation range - or equivalently at any instant in
time after sonar pulse transmission - reduces to a numerical quantity consisting of the suitably
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scaled, 2-way propagation loss corrected, squared amplitude of the backscattered echosounder
signal, divided by the volume of water instantaneously “effectively” ensonified. The authors have
published fairly rigorous techniques for extracting VBS from the Simrad MS 2000 (formerly
denoted the SM 2000) multi-beam (Melvin et al. 2003, Cochrane et al. 2003). These techniques
have been extended in APPENDIX 7 to accommodate use of the narrow-beam (1.5") transmit
transducer in Mills Cross configuration with the receive array in the present multi-beam
configuration. Relative-only VBS estimates have been extracted from the Minas Passage MS 2000
data sets as the system is uncalibrated. Absolute sonar system calibrations using the narrow beam
transmit transducer would require measurements in a specialized facility not available locally.
Multi-beam VBS analysis possesses two inherent advantages over visual target counting:

1) VBS has a precise mathematical/physical definition permitting the development of objective,
fully automated processing codes which permit rapid assessment of large datasets.

2) Since VBS is a lumped energy-based signal measure rather than a target enumeration
measure, aggregated targets do not require resolution into discrete echoes for assessment.
This is important when fish targets are schooled.

It is essential to understand that multi-beam linearized VBS vs. depth profiles constitute a precise
proxy for fish densities only if the mix of targets (i.e. fish) remains invariant with depth and if all
relevant fish components possess acoustic target strengths independent of depth and of
ensonification angle - which is never exactly true in reality. Vertical beam echosounders have the
advantage that fish ensonification angles remain near dorsal. In contrast, our multi-beam derived
VBS estimates for a given depth combine data from a number of beams at varying angles from the
vertical, an angular mixture which varies with depth. At off-dorsal ensonification angles, fish
azimuthal orientation relative to the ensonification direction is also a determinate of VBS. For these
reasons multi-beam derived profiles of VBS vs. depth obtained using sonar beams inclined off-
vertical may differ from those derived from vertical split-beam systems; nor can such multi-beam
derived profiles be as confidently interpreted in terms of real vertical changes in fish density. Also,
simple multi-beams like the MS 2000, unlike systems with split-beam capability, cannot supply
independent estimates of acoustic target strength to reduce ambiguity in deducing fish densities
from measured VBS levels.

VBS-based studies of fish in Minas Passage using MS 2000 multi-beam data presented several
additional challenges. First, VBS is a lumped measure of backscatter from all sources including
both fish and difficult to exclude, deep-penetrating bubble clouds highly prevalent in the tide-rips of
the area. Secondly, VBS is observed to contain large noise components arising both from EK60
sounder interference and from the vessel’s propulsion system. Automated processing algorithms
have been developed to minimize this noise (APPENDIX 7), both by employing signal thresholding
to minimize weak, fairly continuous noise sources, and by employing noise blanking in an attempt
to identify and eliminate discrete noise bursts on individual echogram fan sections prior to their
quantification. These noise suppressions algorithms have proven to be of limited effectiveness.
Nevertheless, we do believe that multi-beam derived VBS profiles properly chosen and scrutinized
in light of the above limitations can still inform one as to the gross characteristics of water column
biomass distribution as well as furnishing important clues as to how these distributions may vary
spatially (both vertically and horizontally), in response to tides and light levels, and even seasonally.
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There is one inherent advantage to multi-beam vs. EK60 derived VBS estimates: For the matched
sampling rates employed in Minas Passage, over a given length of survey profile the multi-beam
non-redundantly samples a larger total water volume than the split-beam system. This arises from
the multi-beam’s 180 angular fan spread combined with reduced along track overlap between beam
samples due to the multi-beam’s 1.5 along-track beamwidth vs. 7 for the split-beam system. In
consequence, the multi-beam when operating under good signal-to-noise conditions may afford
superior time-spatial resolution of fish distributions to the split-beam system.

Starting with the 22 August 2011 survey and continuing to the end of the field program MS 2000
VBS vs. depth profiles were generated at 1 m depth intervals with correction for transducer draft.
The single survey line or transect was used as the basic analysis unit (i.e. a spatial analysis unit in
contrast to a temporal analysis unit as employed for much of the specialized analysis of the initial
survey). Acoustic absorption corrections were applied to the multi-beam data consistent with
survey-specific measured temperatures and salinities. Subsequently, signal thresholding was also
applied and “Ring”, “Arc”, and “Spoke” noise removal algorithms added and refined as outlined in
APPENDIX 7. The initial 10 Sept, 2010 data were eventually reprocessed in a manner consistent
with the latter collected data sets.

4. RESULTS AND DISCUSSION

4.1 EK60 Split-beam Sonar
4.1.1 Backscatter levels

The initial step in the analysis of the EK60 data was to examine the backscatter throughout the
water column including the near-surface backscatter “noise” below 1.5 m believed to originate from
tidal turbulence associated bubble clouds. Immediately obvious are the large declines in individual
transect backscatter, averaging 99.65%, and ranging from 98.10% to 99.97%, when the surface
noise zones were removed from the September 2010 analysis (Table 3). For the 2011/12 surveys
this is equivalent to the zone identified as fish in Table 6. While the amount of backscatter
attributed to turbulence/ aeration is generally less when considered over the entire year it still ranges
from 63 to 99% at the test site and 74 to 96% in the channel. This clearly illustrates the significance
of the backscatter that is attributed to surface bubble entrainment — the degree of which varies
dramatically throughout the tidal cycle. It should be noted that high winds were encountered during
the 2010 and August 2011 surveys which likely contributed to additional aeration of the surface
waters. Peak near-surface backscatter amplitudes and the deepest vertical penetrations of the bubble
noise (i.e., backscatter) generally correspond to the period of maximum tidal flows, however, spatial
differences were observed between transects for all surveys. Fortunately, although the surface noise
was relatively strong there was no evidence of acoustic shading of the water column or of the
bottom below the noise in the 2010 data.

Details of the water column backscatter from individual transects are provided in Table 3 for the
2010 survey and in APPENDIX 5 for the 2011/12 surveys. However, because the results from the
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2010 survey have already been reported (Melvin and Cochrane 2012) we will focus our discussion
on the results from the 2011/12 surveys. Differences in observations/ conclusions will be identified
if, and when, they exist between the two study periods. In addition, our discussions will concentrate
on general observations related to the spatial and temporal distribution and abundance of fish. Our
approach will be to begin with a general overview of the data/observations then move into more
specific details of our findings. Given the large amount of data collected over the year there are
additional opportunities to explore a number of hypotheses or relationships in the future.

Over a period of about 10 months, eight surveys were conducted in Minas Passage that covered the
FORCE test site and the adjacent channel. Each survey was divided into a series of grids where
each grid included 9 transects over the test site and 3 representing the channel (Table 4). The date,
time, number of transects and physical characteristics of the water for each survey are described in
Table 5. Mean S, by survey for the entire water column, for the water column below 10 m, and then
edited to retain only fish (i.e., non-turbulence related backscatter) are presented in Table 6. A
summary of the mean acoustic backscatter from the test site and the channel expressed in terms of
Sy, NASC, ABC and S, from fish-like targets observed during each of the 8 surveys in Minas
Passage is presented in Table 7. In addition, an estimate of fish biomass based on a Target
Strength (TS) weight value of -35.5 dB (characteristic of a 28 cm herring) is provided. It is
important to note that the biomass presented must not be considered as an absolute value. Biomass
in tonnes is presented as an understandable measure and is derived from the primary backscatter
units (Sy , NASC, ABC and S,). It is a relative term that can be compared from survey to survey
and between areas.

Examination of biomass estimates by survey reveals distinct differences between the amount of fish
at the test site and in the channel, and that estimated biomass varies both spatially and temporally
(Table 5). In August, September and November the observed biomass is greater in the channel than
at the test site while in May and June the opposite occurs. During the winter periods, January and
March, there is essentially no difference in estimated biomass between the two areas. This
relationship is best illustrated in Fig. 9 which displays the monthly biomass estimates for the test
area and the channel. The figure shows that there are no significant differences (P < 0.01) between
areas for October, January and March with the test site having more fish than the channel in late
summer early fall, but less fish in May and June. The outstanding data point is November where the
estimate is much larger in the channel than at the test site. This point was checked and is valid, but
it is also the result of a single dense school of fish that appears in one transect during the survey.
Without the one transect encountering a school of fish the November biomass estimate is not
significantly different from that observed at the test site.

In summary the mean monthly backscatter from the surveys indicates a relatively consistent pattern
of fish-like backscatter at both the test site and in the channel. Beginning in August there is a
gradual increase until about November then a decline during the cold winter months and finally a
rapid increase in May with a maximum in June. This is generally consistent with the known
migration and distribution of fishes in the upper Bay of Fundy. During the late summer early fall
the anadromous fishes, adults and juveniles, leave the freshwater to begin the marine phase of their
life cycle. Many likely linger in the upper Bay of Fundy before moving into deep water at the onset
of winter. With the beginning of spring the anadromous fishes return to the area and there is also an
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increase in the abundance of Atlantic herring known to spawn in the inner Bay of Fundy between
May and July, thereby increasing the backscatter associated with fish.

One question that always arises from point estimates (i.e., single estimate for the month) is the
degree of data compatibility from year-to-year. We have only a single survey from 2010 that is
comparable in the design and coverage to the 2011/12 surveys. The September 2010 survey
covered the majority of the test area of the September 2011 survey — the exception being that both
the 2011 farthest north and farthest south transects were not included in the 2010 survey.
Comparing the two surveys shows that there is no significant difference (P < 0.01) between the
mean biomass (backscatter) in September 2010 and 2011 (Fig. 10).

Unfortunately, a survey could not be undertaken every month of the year due to weather and vessel
availability and what occurs during these interim periods is only speculative. If funds become
available effort should be made to fill in the gaps, either from existing data sources or additional
studies. The fact that there appears to be some consistency between years (albeit one survey)
suggests that the data would be comparable. There also appears to be some consistency in
backscatter with season.

4.1.2 Vertical Distribution

The acoustic surveys conducted in Minas Passage over the year provide extensive information on
the abundance and vertical distribution of fish-like targets. Because of the large volumes of data
available when the backscatter is assessed at 1 m intervals for the entire water column, the
information is presented graphically rather than in tabular form. However, the numeric backscatter
at any depth and for any transect are available if required. In essence, the data are presented in two
forms for each of the 8 surveys. The first series of graphs illustrates the proportion of backscatter
and area backscattering coefficient (ABC) for the entire survey separated into the test area and the
channel. The initial graph is restricted to only water depths consistent with the test area when
presenting data for both the test area and the channel Fig. 11a), while the second graph illustrates
the same parameters for the full depth of the channel (Fig. 11b) using the channel data alone.
Thereafter, the backscatter for each completed survey grid is presented for the channel (Fig. 11c)
and for the test area (Fig. 11d) in terms of proportion of backscatter and the ABC. All estimates are
based on the mean backscatter/1 m interval. The same representation is used for each of the eight
surveys conducted during this study (Figs. 11 to 18).

Immediately evident from the figures is that there are clear bands of distribution throughout the
water column where fish are concentrated. The vertical distribution is also variable from survey-to-
survey and by grid, and not necessarily consistent between the test area and the channel even for
common depths. For the August 22 survey the distribution of fish by depth was different between
the test area and the channel (Fig. 11a). Peak backscatter in the test area occurred near the surface
(< 3 m), about 10 m, and between 16 and 22 m, while in similarly shallow areas of the channel the
peaks occurred between 10 — 15 m and 20 — 22 m. Overall, backscatter was greater in the channel
than at the test site. Examination of the full channel depth range (Fig. 11b) disclosed another peak
at about 50 - 60 m which coincides with the increased slope at the channel break. Specific grids
undertaken during the survey illustrate how the distribution pattern can change with time and tidal
phase. Most surveys began on the falling tide. In the channel, peak backscatter distribution appears
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to move closer to the surface from Grid 1 to Grid 2, then back to an intermediate (40 — 60 m) depth
(Fig. 11c) suggesting that fish may move closer to the surface with changing tide. At the test site
the observations show strong backscatter between 12 and 20 m, declining to about 35 m during the
ebb tide. This would imply that fish are moving out with the tide (Fig. 11d). In the other 3 Grid’s
(phases of the tide) at the test site acoustic backscatter was distributed evenly throughout the water
column, except Grid 2 where two dominant peaks occurred at 10 and 22 m. These peaks are the
result of a few small individual aggregations of targets in the test area.

Similar results were observed during the September 19 survey where the overall backscatter
distribution showed major modes in the shallow water (~5 m) and between 14 and 28 m (Fig. 12a).
Backscatter distribution was consistent between the test area and the channel, except for a spike that
occurred at 49 m in the former. This depth is near bottom at the break between the test area and the
channel. Overall backscatter was much greater in the channel than at the test site for most depth
intervals (Fig. 12a). In the channel another major peak/spike was observed near bottom at about
115 - 118 m (Fig. 12b) during Grid 3. The increased backscatter in the channel occurred in Grid 3
during the early phase of the flood tide (Fig. 12c). It was not uncommon to document an increase in
backscatter in this area (i.e. depth) during several of the surveys conducted over the year. At the test
site the pattern was slightly different when the backscatter was examined by Grid (Fig. 12d). A
peak was observed between 15 and 25 m but the greatest backscatter even at these depths occurred
during Grid 1 (ebb tide) and Grid 4 (flood tide). Fish-like targets were more abundant and more
broadly dispersed throughout the water column below 15 m than in the other Grids (Fig. 12d). A
spike in backscatter occurred at 49 m in Grid 2 reflecting a small school of fish observed in the
deeper water of one of the transects near the channel break.

Backscatter in the channel decreased but increased in the test area in October observations (Fig. 9).
Overall the backscatter was distributed through the water column with multiple peaks occurring in
both areas (Fig. 13a & b). The largest proportion of backscatter was observed in the top 12 m at the
test site and in the top 40 m in the channel. The backscatter at both locations was approximately
equal. A slight increase in backscatter was also observed near the channel bottom at ~130 m (Fig.
13b). Looking at the backscatter distribution in the channel by Grid, it is difficult to detect any
pattern, except that the majority of fish-like targets occur at depths less than 35 m and that far more
backscatter was observed during Grid 1 and Grid 3 (Fig. 13c). A similar observation was made at
the test site where the majority of backscatter occurred in the top 22 m and was dominated by Grid 1
(ebb tide) and Grid 4 (flood tide) (Fig. 13d).

During the November 22 survey the majority of backscatter was found above 10 m at both the test
site and in the Channel (Fig. 14a). Below 10 m the backscatter was relatively constant on a
proportional bases with the overall backscatter greater in the channel than at the test site for all
depths (Fig. 14a). No increase in backscatter was observed near bottom in the channel (Fig. 14b).
Backscatter was also relatively constant throughout the water column in the channel from Grid to
Grid with the majority occurring in the upper 15 m (Fig. 14c). Although relatively consistent for
Grid 1 and 2 there was a significant increase in backscatter between 18 and 32 m for Grid 3 at the
test site (Fig. 14d).

When the overall mean backscatter for the January 25 survey was examined it showed what might
be considered as an unusual pattern that oscillates at about 3 m vertical intervals at both the test site
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and in the channel - with more backscatter being associated with the latter (Fig. 15a). A similar
oscillating pattern is observed throughout the deeper waters in the channel, although there is a slight
increase in backscatter in the deepest waters near bottom (Fig. 15b). The pattern is likely due to the
relatively small amount fish present in the area during the extreme conditions of winter and a more
uniform distribution of backscatter in the water column. The peaks and troughs represent the
variability in presence of organisms as a function of changing tidal depths over a 24 hour period.
Note this is the first 24 hour survey to be conducted and distributions are likely confounded by the
day/night cycles. Examination of the mean backscatter by grid reveals some patterns consistent
with earlier surveys in that peak backscatter occurs at less than 15 m depth in the channel (Fig. 15¢).
However, beyond the shallow water the pattern is similar for most Grids between 40 and 100 m,
peaking near 40 m then slowly decreasing with increasing depth. There are also some Day/Night
differences in the amount of total backscatter. Grids 4 and 5 with the highest mean backscatter
represent night sampling suggesting there may be some movement up into the water column at
night. The situation is slightly different at the test site with the peak backscatter occurring around 30
m for two daytime Grids (1 & 2) and a large concentration of backscatter near bottom (Fig. 15d).

The second 24 hour survey was conducted on March 19 and produced a backscatter distribution
pattern similar to the previous survey. Oscillating waves of backscatter were observed throughout
the water column without any easily identifiable depth of maximum concentration (Fig. 16a & b).
Overall backscatter was also low at this time of year (winter) at the test site and also in the channel
(Fig. 9). For the individual Grids several peaks were identified. In the channel spikes occurred at 5,
22, and 42 m depths with a broad distribution of increased backscatter occurring in Grid 1 between
30 and 70 m. Excluding the occasional peaks, the mean backscatter by grid decreased slightly with
depth in the channel (Fig. 16c). Backscatter distribution in the water column differed at the test site
(Fig. 16d). Increased backscatter was observed near the surface, between 18 and 35 m, as well as
several spikes at water depths > 35 m for several of the Grids undertaken during the 24 hr survey.

The May survey represents a period of time when mean biomass densities had increased from the
winter lows, especially at the test site (Fig. 9). This was the first survey where the estimated water
column biomass at the test site was statistically (P < 0.01) greater than that in the channel. Unlike
the previous two surveys distinct vertical distribution patterns began to appear again. Figure 17a,
which shows the mean backscatter (ABC) in 1 m intervals, depicts the majority of backscatter above
10 m in the water column for both the test site and the channel (Fig. 17a). An additional peak is
seen at 30 — 34 m at the test site and at about 51 — 54 m in the channel. Examination of the Grids
indicates the consistency of the surface distribution throughout the entire survey in the channel and
the influence of a single transect for the generation of the 50 - 54 m peak on Grid 4 (Fig. 17¢c). At
the test site the majority of backscatter was observed near the surface for most survey Grids;
however, the distribution between 20 and 40 m was more variable depending upon the Grid. The
strongest backscatter occurred at 32 m for Grid 4, but minor peaks were observed between 20 and
35 m in several other Grids (Fig. 17d).

The highest biomass observed during the 1 year study occurred on June 25, 2012. Biomass in the
test area again was statistically (P < 0.01) greater than the channel (Fig. 9). Overall the vertical
distribution of backscatter in the channel and at the test site was relatively similar from the surface
to just over 40 m (Fig. 18a). Below 40 m multiple peaks in backscatter, extending to over 100 m
were observed in the channel (Fig. 18b). The large peak at 45 m is associated with a school of fish
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off bottom near the channel break. This 24 hr survey serves to illustrate how extreme the
distributional variability of backscatter (i.e. fish) can be extending over just two tidal cycles
spanning the day-night transition. The backscatter layer between 20 and 40 m shows up in both the
channel and the test area for the Grids, but it is primarily the product of Grid 1 for the former and
Grids 5 and 6 for the latter (Fig. 18c & d). Several strong layers resulting from other Grids were
also observed below 40 m in the channel (Fig. 18c). At the test site the backscatter was dominated
by 3 Grids (5, 6, and 7) with distinctly different backscatter vertical distributions: Grid 5 had a
range between 28 and 38 m, Grid 6 between 18 and 35 m and Grid 7, between 18 and 15 m (Fig.
18d). These Grids represent the change from day to night with Grid 5 occurring during the day,
Grid 6 late day/sunset, and Grid 7 night (Fig. 18d, 3-D backscatter plot for Grid 6 shown in Fig. 19).
Assuming the backscatter is associated with fish, then the change in distribution at the test site likely
represents the upwards diel movement of fish in the water column at night.

In summary the data presented illustrate that the distribution and abundance of fish-like targets can
be monitored and quantified using acoustic technology. Over the year-long study we have found the
vertical distribution and strength of acoustic backscatter to vary with depth, tidal phase, season,
day/night, and survey Grid. The extent of this variability appears to be related to the quantity of fish
in the area and likely the species present. In some cases the fish-like targets seem to remain at about
the same depth as the tide level changes, while in other Grids they maintain a constant depth off
bottom. Generalizing the observations, at the test site there are 3 main layers or zones of
backscatter; the upper water column (< 10 m from the surface), the middle water column (15 - 35
m), and the near bottom (> 45 m). At these depths a significant proportion of the backscatter can
and will interact with a proposed tidal power unit. The actual proportion can be calculated from the
existing data and will of course depend upon the vertical position of the turbine. Maximum
backscatter at the test site occurs in May, June, and possibly July (no surveys) with estimates greater
than in the Channel during this period. In August and September the backscatter at the test site was
much lower than in the channel. In November backscatter at the test site and in the channel are
about equal. The water column distribution of backscatter in the channel can be either consistent
with or significantly different from that observed at the test site depending upon the month and
timing of the survey grid.

An extensive amount of data were collected during this study that will help developers and
regulatory agencies evaluate the potential impact of tidal power development in Minas Passage. In
this report we have provided only general statements about the distribution and abundance of fish-
like scatterers. The data can, however, be used to address specific development configurations once
they are known. It must be stressed that sampling covered a total of only 8 days in an entire year at
somewhat irregular intervals and that a number of large gaps exist in the data. Additional studies
are needed to examine the months for which there were no surveys and how variable the
observations are from day-to-day. Another critical factor in the analysis is the lack of ground-
truthing. While the estimates of backscatter will not change, the extension of these data to
biomass is purely speculative based on knowledge of the area. New studies should incorporate
sampling to identify the acoustic targets.

4.1.3 Target Strengths (TS)

4.1.3.1 Results and Discussion
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Target strength in the simplest terms is the ability of a target like fish to return an echo. More
specifically it is defined as the ratio of the incident acoustic intensity to the reflected acoustic
intensity, referenced to a distance of 1 m from the target, as follows:

TS=10Log (I;/1;)

where
I; = reflected acoustic intensity at the reference distance

I; = incident acoustic intensity

In essence, it is the proportion of energy reflected by a target relative to the incident energy
transmitted from an echosounder or sonar. Knowledge of target strength enables one to convert a
measure of received acoustic energy like Volume Backscattering Strength into the number of or
volume density of targets within an acoustic beam. For fish possessing a swim bladder, greater than
90% of the reflected energy is a function of size and shape of this organ. Target strength is a
function of the size, structure, and physical properties of the target which for aquatic organisms
include biological conditions of the specific target, and to a lesser extent the properties of the
enclosing environmental medium. An identical target observed by a multi-frequency echo-sounder
will have different TS values for each frequency. In this study a 120 kHz transducer was deployed
for all surveys. System calibrations were based on the TS of a 38.1 mm tungsten carbide sphere.
The standard TS/Length equation for a fish is;

TS = Slope Log (Length) - intercept

where
Slope = slope of the TS-length relationship usually fixed at 20
Length = fish length (cm)
Intercept = intercept of the TS-length relationship.

Additional parameters have been incorporated into other TS equations to account for maturity stage
and depth of fish targets (Ona 2003). Generally speaking, for fish the stronger the TS of a target the
larger the fish after inter-specific differences are taken into consideration.

In general, acoustic targets greater than -60 dB and less than -30 dB are considered fish with TS
being dependent upon the fish length and species. Unfortunately, the information collected in
Minas Passage to date does not permit any reliable identification of species, yet species within the
observed TS dB ranges are known to occur in the area at the time of sampling. Any reference to
species is purely speculative. Given the observed TS distributions it is likely that the targets with a
TS < -52 dB represent relatively small fish in the order of 10 cm or less (e.g. young of the year
gaspereau or herring). TS distributions in the range of -51 to -47 dB are characteristic of juvenile
clupeids in the 15 - 20 cm range (e.g. juvenile herring - age 1+). A TS in the range of -46 to -41 dB
represents larger and likely adult fish such as herring, gaspereau, or smelt. The few targets with a
TS > -40 dB are most probably one of several groundfish species known to occur in the area or a
migratory shad/striped bass.
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In this study we explored the variations in mean TS of individual targets by survey (season) and by
vertical distribution at the FORCE test site and the broader channel in Minas Passage. A major
limitation of the study was the absence ground-truthing of the observed fish-like targets at the time
of surveying. That being said the operation of most conventional sampling gear is extremely
difficult in the rapid moving waters of the Passage. Without this information all inferences
regarding fish species are based on literature values and previous knowledge of the species and size
present in the area. A fish study by CEF Consultants between 2009 and 2010 monitored the
seasonal distribution of fishes in the Passage (CEF 2011). Based on their findings the dominant
species present throughout the summer months was herring, with catches of mackerel, gaspereau,
smelt, lumpfish, flounder and dollar fish. Occasional larger species such as striped bass and shad
were also reported.

The TS distribution of individual targets by survey month indicated a broad distribution ranging
from the upper to the lower threshold detection boundaries of -30 to -60 dB (Fig. 20). Multiple
modes reflecting different fish species or size of fish can be seen in the histograms, except for the
winter period — November through March. From August to November there is a general decline in
the number or proportion of higher TS targets suggesting the departure of larger fish from the area.
In May the proportion of higher TS targets increases into June, and likely remains at about the same
level in July (no survey), thereby completing the annual cycle (Fig. 20). During the winter months
the frequency appears to be uni-modally distributed around a mean TS of between -51 to -49
depending upon the month. These low TS’s are generally considered characteristic of small or
otherwise poorly reflecting fishes.

Mean TS by survey was found to differ significantly during certain periods of the survey year (Fig.
21). Overall TS decreased significantly (P < 0.05) from -44.57 dB in August to September reaching
a low in October. Targets in this TS range lie in the size range of juvenile herring. Thereafter the
TS gradually increased over the winter months (November through March) remaining in the general
range characteristic of juvenile fish. Between March and May the mean TS jumped significantly (P
< 0.05) implying the influx of larger fish, although a large number of smaller targets were still
present in the area. This may be characteristic of adult anadromous fishes moving through the
Minas Channel to ascend their natal rivers. The TS decreased significantly (P < 0.05) from May to
June with a mean TS similar to that observed in August (Table 8). Unfortunately no surveys were
conducted in December, February, April, or July.

Examination of the distribution of mean TS for each survey by 10 m depth intervals serves to
illustrate the variability of TS by season and by depth including the depths associated with the test
site and the deeper channel. Observations above 60 m are generally considered characteristic of the
test-site while those deeper characterize the channel. For the spring and summer surveys there
appears to be two modes or peaks in the vertical distribution of stronger mean TS, one between 10
and 40 m depending upon the tide and another in the deeper waters at depth greater than 100 m (Fig.
22). The winter months (November through March) consistently show the strongest mean TS as
originating from targets below 100 m, however even these are weaker by a couple of dB than those
observed at similar depths during the summer. This would imply that, overall, larger fish are more
prevalent in the spring/summer than during the winter. During the spring/ early summer (May and
June surveys), and even late summer, the mean TS around the 20 - 40 m peak is similar or slightly
higher than the TS observed at depth > 100 m. However, as fall progresses (September/October)
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this pattern changes such that the larger TS (i.e. fish) are observed primarily in the deeper areas of
the channel. This pattern persists over the winter although the mean TS’s during this period are
weaker. There also appears to be a weak TS peak at 50 — 60 m in most surveys that corresponds
roughly with the transition (channel edge) from the test site to the channel.

To investigate seasonal patterns in mean TS the monthly data by 10 meter depth intervals were
overlaid in two figures. The first figure represents water depths consistent with the FORCE test site
and the second depths associated with the deep channel water (Figs. 23 & 24 respectively). It
should be noted that in this analysis the data were not split into the test site and channel, so mean TS
was determined from all targets within a depth interval regardless of its location. Figure 23, which
illustrates the TS distribution for water depths associated with the test site, shows two mean TS
general modes; September/October and May. The one exception is the 0 — 10 m interval where
there is a real decrease in the September mean TS. This interval was subject to intensive removal of
backscatter (fish and noise removed because of uncertainty) due to the extreme levels of background
noise (turbulence) in the near surface zone. Error estimates for each depth interval and month are
provided in Table 8. Mean TS at all water depths were consistently lower (more weakly scattering
targets) throughout the winter months. There also appears to be a relationship between the monthly
modes and the water depths (20 — 40 m) associated with peak backscatter and larger fish (Fig. 23).
Water depths associated with the channel showed a similar pattern with peaks in the mean TS
occurring in September and May declining during the summer and winter months (Fig. 24). A
general increase in mean TS with depth within surveys is also evident for the deeper waters (> 60
m). This implies that fish size may vary (increase) vertically with the highest TS occurring in the
deepest waters of the channel during September/October and May.

Day/night TS comparisons were examined for the three surveys which were conducted over a 24
hour period; January 25, March 19, and June 26, 2012, representing three seasons (Winter, Spring
and Summer). The results clearly show distinct differences between the seasons (Fig. 25). In the
January survey there is essentially no difference in the mean TS with depth, except in the 81 — 90 m
and 121 — 130 m depth intervals. Overall there is no significant difference (P < 0.05) between day
and night mean TS (Table 9). The highest TS’s were observed in the deeper depth intervals. The
low TS suggests that the majority of targets are likely small fish, including in the deeper waters
where the mean TS was around -47 dB both day and night. The March survey shows a slightly
different picture. Statistically there is a difference (P < 0.05) in the total mean TS between night
and day with the night targets generally being stronger than during the day (Table 9 and Fig. 25). At
most depth intervals TS differs from night to day. It is also evident that there are two water depths
where mean TS is much stronger at night relative to the day time observations. The mean TS of
individual targets at depth intervals 21 — 30 m and 91 — 110 m increases by about 3 and 6 dB from
day to night respectively (Fig. 25). Fish may be moving up into the water column from bottom
(acoustic dead zone) or moving through the passage at night as a function of tidal phase. In fact
both scenarios may be true where the larger targets in the channel may represent fish moving off
bottom while those around 20 — 30 m depth may be in transit.

June represents a period when a variety of fishes, both summer resident and transient species, would
be expected to be in the upper Bay of Fundy, consequently an increase in mean TS of the individual
targets. Although there was a marked difference between day and night mean TS with water depth
overall there was no significant difference (P > 0.05) when the entire water column is examined.
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This would imply that the same fish are present, but their distribution changes from day to night.
Unlike the other 24 hr surveys, there was a decrease in mean TS between 20 and 40 m from day to
night. Below 50 m the decrease was from night to day is consistent with earlier observations. The
exception to this observation was in the deep water of the channel at depths > 120 m. Overall mean
TS was stronger at night in June than in March or January implying larger or a different species of
fish in the water column.

4.1.3.2 Summary

The results of the TS analysis clearly illustrate that there are temporal and spatial differences in the
mean TS in Minas Passage. Two peak periods stand out as having the strongest mean TS implying
the presence of larger fish; August and May, although the August TS is much larger than the May.
These two periods correspond to the approximate time when migratory fish should be moving
through the passage. Surprisingly, the mean TS in June is not significantly different (P > 0.05) from
March and the mean may have been influenced by a large number smaller targets (e.g. Juvenile
herring), given the nearly factor of 4 greater number of targets detected. The lowest mean TS was
observed in October at a time when most fish would have moved out of the area to over-wintering
areas. The mean TS for September through March would suggest small fish occurring throughout
most of the fall and winter. Mean TS was also found to vary with depth. Overall TS was found to
general increase with depth regardless of the season and especially in the channel waters below 50
m.

Although filters were established between -55 and -30 dB for the extraction of individual targets
there is a clear seasonal pattern in TS distributions over the surveys. From August to October there
is a decline in the proportion of stronger targets until November when these targets (> -42 dB) have
all but disappeared. This general absence of stronger targets continues throughout the winter
months until May (no surveys in April) when they appear again and likely continue to be present
throughout the summer. Assuming the TS distribution is reflective of fish size, the pattern is
consistent with the expected seasonal movement of fish into the area. During the late spring,
summer and early fall, larger fish would be expected to be in the passage transiting to/from rivers
(anadromous species) or feeding. With the onset of winter many of the larger fish would be
expected to leave the area.

Temporal and spatial differences in mean day/night TS were observed in Minas Passage during the
study period. The first of three 24 hour surveys indicated that during January there was no
significant difference (P < 0.05) between day and night TS. By March this changed slightly with a
statistical difference in overall mean TS and mean TS for most depth intervals, with the night targets
being stronger than the day. In June the situation changed again with marked differences in the
mean TS for specific depth internals, but not for the overall water column. These observations are
consistent with the diel movements of the fish known to be present in Minas Passage at the time of
the survey. During the winter most of the larger fish would have moved to deeper waters outside
Minas Channel and the majority of fishes are likely juvenile and small, although there may be some
resident larger fish in the deep channel waters. By spring there is some indication of movement of
the larger of the fish present moving off bottom at night in the deeper waters. The concentration of
targets between 20 - 30 m is still relative small in size (based on TS) compared to those in the deep
waters. June is a dynamic period for fish in the inner Bay of Fundy as large and small migrants
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move into and transit the area, but there is no overall difference in mean TS. This would suggest the
same fish are present but there distribution changes between day and night. Below 40 m the pattern
is characteristic of natural cycles with larger fish moving up in the water column. The peak in mean
TS between 20 and 40 m is likely herring which during the day are found in the water column. At
night they are traditionally found feeding very near the surface, possibly in the acoustically
unobservable zone above the transducer depth.

4.2 MS 2000 Multi-beam Sonar
4.2.1 General

The extended time period from the initial Sept. 2010 survey to the next survey in Aug. 2011
afforded time to experiment with multi-beam processing algorithms using the initially acquired
dataset. Data were most commonly viewed as single fan sections (Fig. 26) but alternative display
options such as aerial multi-ping sections (Fig. 27) were also explored. Fan sections did reveal
distinct and often abundant fish targets in the upper 10 - 20 m of the water column over a significant
portion of the initial survey with these targets often displaying short range aggregation tendencies
(Fig. 26 - right of center). Other fish-like target echoes were occasionally observed at deeper levels
to bottom (depths are reported relative to the transducer depth of about 2 m). Apparent
bubble/turbulence clouds frequently extended from the surface to, on occasion, depths of 20 m or
more (see backscatter distribution above), similar to observations from the earlier pilot survey
(Melvin et al. 2009). Differences in character between backscatter arising from fish aggregations
and those arising from bubble clouds were sometimes subtle suggesting any attempt to construct
fully automated algorithms to identify fish targets would be problematic. Isolated fish-like echoes
around or just below the periphery of bubble clouds which could represent either fish attracted to
areas of downwelling or, alternatively, simply small detached areas of bubbles were particularly
difficult to classify on both the multi-beam sonar and the split-beam sounder. The former being
more difficult as editing/filtering tools were not available on the commercial market.

4.2.2 Fish Density
4.2.2.1 Results

Estimation of fish density (fish/m?) using manual target enumeration was explored using two
differing turbine-transiting profiles on the initial Sept. 2010 survey. Profile 1 consisted of 1700 fan
sections collected between 12:33:11 to 13:01:11 GMT on Sept 16, 2010, and encompassed most of
survey line T4a while moving west-to-east against a strong ebb flow. Profile 2 consisted of 529 fan
sections collected between 16:08:53 to 16:17:37 GMT and mostly coincided with line T4f while
moving west-to-east just prior to the end of the ebb cycle (slack low tide interval). Profile 1 fish
echoes appeared particularly numerous around a 15 m depth mode. For this profile, coordinates of
approximately 31,400 individual fish echoes were logged for an average of 18.5 fish echoes per fan
section. Profile 2 was characterized by markedly lower visual fish densities in the same depth
range, only 1450 fish targets being observed for an average of about 2.7 echoes per section. While
average water depth was modestly lower on Profile 2 (~ 41 m) than on Profile 1 (~ 45 m) due to
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differences in location and varying tidal phase, considerably lower Profile 2 fish densities were still
very apparent.

Fish densities were computed for 2 m vertical bins extending from the 2 m transducer depth to a
maximum profiling range defined by the minimum transducer to bottom distance, for successive
groups of 100 pings: For each 2 m depth bin, individual ping “effective” ensonified water volumes
were calculated using the hybrid analytical-numerical integration outlined in APPENDIX 6 and
summed over the specific 100 ping interval. Total fish counts summed for each 2 m depth interval
over the same 100 ping interval were then divided by the corresponding total ensonified water
volume appropriate to the relevant depth bin to yield fish density as a function of depth. Selected
examples of fish density analyses are shown in Figs. 28(A) and 29(A), both for 100 ping sequences
recorded on two differing portions of the ebb tide cycle, the first, covering a period when visually
discerned fish targets in the 15 m depth range appeared especially numerous.

4.2.2.2 Virtues and Limitations of Direct-Counting

A few remarks regarding direct-counting will be made at this point: The direct-counting
methodology as presented remains valid regardless of the degree of along profile ping-to-ping
ensonification overlap - or even in the total absence of overlap. Nor does the technique require
tracking specific targets between successive ensonifications to eliminate counting redundancies — an
uncertain process as our multi-beam does not incorporate beam stabilization. In the methodology
presented the fundamental uncertainty arises from the assignment of an “effective” fore-aft (out-of-
fan) beam width to define the ensonified water volume in which target echoes are being observed
and counted on a specific transmission. Proper choice of an “effective” beam width depends on the
signal-to-noise ratio required to reliably discern a fish echo above ambient background. This in turn
will depend upon fish target strength, observation range, the level and character of the ambient
background noise including target “clutter” from bubble clouds as well as operator subjective
factors. Therefore, at least a factor of 2 uncertainty in fish densities is likely — which considered in
combination with the laborious nature of the implementation, limits its usefulness as a general
purpose tool. Nevertheless, the “human component” offers potentially strong rejection of bubble
cloud backscatter, of interference from the simultaneously operating split-beam sounder, and other
transient noise bursts in a manner not unlike the manual “editing-out” of unwanted bubble clouds
during the EK-60 processing.

The plotted fish density profiles of Figs. 28A and 29A have been scaled to a nominal 1* (unitary)
out-of-fan beamwidth. A single realistic or “effective” - as opposed to “nominal” - beamwidth, as
discussed above and in more detail in APPENDIX 6, is difficult to assign but may be of the order of
3.75 . In this case actual fish densities will be reduced from those plotted by a factor of
sin(3.75/2)/sin(1/2) ~ 3.75 .

4.2.3 Volume Backscattering Strength

4.2.3.1 Volume Backscatter - Initial Survey

Volume Backscattering Strength, S,, in linear form, is directly proportional to target density
provided all targets backscatter identically. An example of S, extraction, both with and without
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beam pattern corrections, using the same 100 ping data series used to generate Fig. 28(A) is shown
in Fig. 28(B). The similarities between fish density and S, vs. depth profiles between 10 and 20 m
are to be noted. The principal difference between these two measures is that the S, profile of Fig.
28(B) includes backscatter contributions from surface bubble clouds while for the fish density
profile of Fig. 28(A) any such bubble cloud contributions have been largely eliminated by the
manual target selection process. Fortuitously, in the example shown the bubble cloud backscatter
appears confined to sufficiently shallow depths that deeper fish origin S, levels, are only modestly
affected. The comparison data series collected near the end of the ebb tide cycle, when fish
densities in the vicinity of 15 m depth appeared significantly lower is shown in Fig. 29(B). It should
be noted that a high degree of noise reduction must be applied to these data and results are very
sensitive to the “fine tuning” of the noise suppression parameters. More sophisticated noise
removal algorithms have been utilized for the VBS data presented in APPENDIX 8 than employed
for S, analysis in Figs. 28 & 29.

Inspection of S, vs. depth over the duration of the initial survey (Sept. 2010) showed an apparent
systematic variation of the strength of the fish layer which tended to persist around 15 m depth.
Figure 30 shows a plot of peak amplitudes of S, (linear form) vs. time, manually scaled from plots
analogous to those of Figs. 28 & 29 for the scattering layer displaying a modal peak around 15 m
extending over the full duration of the survey (only “peak” fish layer S, amplitudes could be reliably
separated from the bubble cloud scatter in the majority of cases, background bubble noise levels
precluded any effective numeric vertical echo integration). The simultaneous tidal amplitude
sinusoid is also shown.

While an S, peak broadly centered in the 15 m depth range was a reasonably persistent feature in the
survey, S, levels for the profiles used to produce Fig. 30 peaked sharply between about 12:35 and
13:15 GMT — a roughly 40 min time interval centered about 2 hr 34 min into the ebb tide cycle.
Fish were present earlier but in markedly lower concentrations, as well as present later in lower and
generally declining concentrations extending over the remainder of the ebb tide cycle. On
examining the locations of survey tracks associated with the time-varying fish concentrations
displayed in Fig. 30 it did appear that concentrations were consistently lower on transects north
(shoreward) of the turbine. However, this may well have been a consequence of when these
transects were steamed rather than a general function of their geographic location.

Some fish were present below the 15 m modal layer but in much lower concentrations than the peak
values observed around 15 m. Below 15 m, the limited set of concentrations derived from direct
counting probably constitute the more reliable data on vertical fish distributions since the S, data are
more prone to any contamination by residual bubble clouds extending below 15 — 20 m and from
other noise of non-fish origin. Dominant species, hence target strength distributions, may also
systematically vary between shallow and deeper fish concentrations. Target strengths as well as fish
concentrations determine S, levels. Species interpretation is difficult using a multi-beam in
isolation since target strengths are not easily extracted nor is our multi-beam system calibrated in an
absolute sense to allow this. Fortunately, for this survey we do have EK60 target strengths as well
as limited ground-truth in the form of 9 trawl samples taken in the Minas Passage area on the 16 &
17" Sept. 2010 by CEF Consultants (CEF Consultants 2011) during a parallel combined
trawl/acoustics survey. Eight (8) of 9 trawl samples were dominated by herring, the trawl yielding
the highest herring concentration was a set west of the turbine site in relatively shallow water (60 m)
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with a headline depth between 9.1 and 18.3 m and with sampling centered 2 hr 33 min into the ebb
tide cycle (essentially the same tidal phase when our acoustic concentrations peaked). However, the
trawl sampling was on the night time ebb tide while our observations were conducted on the
preceding day ebb cycle. Nevertheless, it seems reasonable to conclude that the multi-beam was
seeing mainly herring.

The significantly enhanced herring flux observed over an approximately 40 min interval is
interesting. The average prevailing upper water column current would be of the order of 2.5 m/s.
Assuming fish moving predominately passively at these current magnitudes, the along-channel
spatial dimension or extent of the enhanced concentration would be of the order of 2400s x 2.5 m/s
= 6000 m. Note that the highest fish concentrations appear to have moved out of the survey area
prior to maximum ebb flow (13:30 GMT ignoring local effects). Were herring utilizing ambient
tidal currents to systematically move out of Minas Basin long term, or will they, perhaps, be
advected back on the next flood tide at a different point along the cross-Channel profile? If herring
concentrations are being repetitively and largely passively advected by the tides the cumulative
probability of encounters with TISEC devices could be substantially enhanced. Note that in the
present case, at 13:26 GMT, near the end of the period of highest fish density, the physical top of
the OpenHydro turbine intake, was 19 m below surface. Since tidal height was declining during the
preceding period of highest fish density, most of the observed fish flux would have passed over the
top of the turbine thereby minimizing the potential for any interactions.

Little is known about herring spatial aggregation in and around the Minas Passage TISEC test sites.
One possibility is that herring aggregated on or near bottom during the preceding high tide slack
water and were vertically re-distributed when near-bottom ebb flow currents reached a certain
critical threshold. Such a threshold might be related to the onset of intense whole water column
turbulence and the rapid generation and growth of deep penetrating bubble clouds. The ~40 min.
interval might correspond to the time required to sweep any vertically redistributed fish out of the
most turbulent area of the passage. This would be consistent with the generally observed pattern of
herring tending to aggregate near or on bottom during the day normally moving up in the water
column at night.

4.2.3.2 Volume Backscatter — Total Survey Period

The volume backscatter from the MS 2000 was computed for each survey. APPENDIX 8 shows the
computed linear form S, vs. Depth profiles for all 9 surveys on a systematic grid-by-grid, transect-
by-transect basis, excepting the initial survey where lines were steamed on a more ad-hoc basis.
Primary analytical parameters utilized are listed as well as the underlying field-collected data files
for future reference.

One systematic difference between the split-beam and multi-beam analysis should be pointed out:
The cross-channel transect X2 in the multi-beam analysis terminates at the west end of TO whereas
in the split-beam analysis it terminates at the west-end of T8. Consequently, the split-beam analysis
achieves a more complete separation of the test site from the more southern portion of the channel
by eliminating the short slice across the test site. While this analytical difference should be noted
we do not believe it to be of consequence in the results which follow. The primary comparisons of
multi-beam and split-beam data are, in any case, limited to the test site profiles TO — T8.
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On examination of the collected VBS profiles several facts are evident:

1)

2)

Within the test site grid, bubble plume backscatter is both prevalent and dominant in the
upper 10 - 20 m of the water column and often considerably deeper. The exception is within
90 min. or so of high and low tide slack water when the action of bubble plumes is
frequently more modest and sometimes virtually non-existent. Contributions from bubble
plume backscatter remain quite apparent in the VBS vs. depth profiles even after application
of noise reduction algorithms. Bubble clouds are also frequently apparent in the cross
channel transects but markedly less prevalent for the south shore coastal transect Y1.

VBS levels computed for depths below those strongly affected by bubble clouds are also
frequently enhanced when tidal currents are strongest. To make headway against strong
tidal flows the survey vessel must increase propeller rpm’s. This leads to a major increase in
noise, especially “spoke” noise. While much of this noise is recognized and removed by
specialized processing algorithms, enough remains to lend a typically “irregular” appearance
to deeper VBS profiles as increasing TVG compensation with depth progressively boosts the
effect of these non-fish origin noise sources. While noise of vessel or flow origin is
typically much lower when steaming lines (sometimes essentially drifting) with the current
under high flow conditions, the vessel does tend to remain fixed over a very restricted parcel
of water leading to both brief and highly redundant acoustic samples which can yield biased
or non-representative transect VBS estimate.

3) Intense scattering events can be quite transitory. During the 25 — 26 June survey, a relatively

brief pre-sunset period displayed much higher backscattering levels in the test site area than
observed during any portion of the other eight (8) surveys.

Subsequent analysis proceeded from the individual transect VBS vs. depth profiles of APPENDIX
8. The residual noisy character of this data even after application of noise reduction algorithms
seemingly precluded “bulk” utilization of these computed profiles. Rather, the VBS profiles were
utilized selectively by locating events which appeared to stand out from the ever changing noise
background following a systematic methodology as follows:

1)

2)

3)

The VBS vs. depth profiles of APPENDIX 8 were systematically examined visually;
transect-by-transect, grid-by-grid, survey-by-survey, for both the test site and cross-channel,
to find depth intervals displaying enhanced backscatter not obviously arising from known
noise sources. A resultant list of flagged survey lines and relevant depth ranges deemed to
possibly display fish-origin backscatter is tabulated in Table 10.

Each entry in Table 10 was further examined by visual reference to successive fan section
echograms to better infer the origin of the enhanced acoustic levels. Backscatter of likely
fish origin was denoted “Y” in the “Verified” column.

Positively “Verified” backscatter entries were carried forward to Table 11 (Note: The less

certain March 2012 Grid 6 TO — T8 data entry was not carried forward). The Table 11
expanded entries include estimates, scaled from the APPENDIX 8 VBS vs. depth plots, of
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both the peak backscatter levels within the designated depth intervals, and a rough visual
estimate of the average VBS (i.e. S,) level within the same depth interval (more precise
estimates might be extracted from computed numeric S, levels, but approximate levels
should suffice for the current purpose). Also tabulated are: a) tidal phase at the mid-survey
time of the listed intervals obtained by linear interpolation from the on-line Canadian
Hydrographic Service listings of high and low tides times for Cape Sharp, and b) sun angle
above the horizon for the mid-survey time computed for the OpenHydro turbine location
using algorithms detailed by Meeus (1988).

4) In Table 11, estimates of depth-integrated S, (entry “Int. Av.”) were computed for the listed
depth interval, followed by - for transects lying within the test site grid only (lines TO —
T8) - the average integrated S, per survey transect over the full duration of the survey
(entry “Sum/Total Lines”). The latter quantity was to serve as a rough, survey-specific,
comparative measure of the average integrated backscatter present per test site survey line —
all test site transects assumed to be the same length. It was computed by summing the
integrated backscatter detected over all test site survey transects (survey-specific sum of the
quantities in the column denoted “Int. Av. x No. Survey Lines” divided by the total number
of test site lines surveyed (column “Total Lines”)). Only the test site grid was analysed in
this manner since broad scattering layers at > 60 — 70 m depth on the cross channel transects
would unlikely be consistently detectable by the multi-beam. In addition, for any deep
scattering layers the highly variable bathymetry across-channel should be properly
accounted for by a more exacting along line x depth integration — Int. Av. S,  as above
employed, is not the same as Av. Int. S, when bathymetry varies along transect: The simpler
averaging applied in deriving the former quantity gives undue weight to S, contributions
from the physically deeper portions of the transect (the same criticism applies to the test site
estimates above, but since most layers are shallow, bathymetric induced effects should be
small compared to other uncertainties).

Summary inspection of Table 10 reveals that many observed backscattering enhancements for the
MS 2000 are spurious i.e. arising from noise not fish — at least to the extent this can be discerned
from detailed examination of the echograms. On moving to the higher confidence backscatter
entries of Table 11 the exceptional nature of the backscatter events on the June 2012 survey is
readily seen, the average integrated backscatter per (test site) grid transect being almost an order of
magnitude higher than that observed on any other survey. Also observed is the fact that no
“verified” backscatter enhancements occurred during hours of darkness even though 3 surveys
extended through the night time period. While the “unverified” observations from March 2012 Grid
6 TO — T8 did occur at night, the fish scatterers, if indeed real, were dispersed over an unusually
wide depth range, 10 — 45 m, for the test site. In Table 11 the average depths for scattering layers,
un-weighted for the number of transects on which a given layer was observed, is: test site transects,
top: 16.6 m, bottom 28.5 m; cross-channel transects, top 16.7 m, bottom 36.3 m; the south coast line
Y1 not being considered. Since these all represent daylight entries, and since the average depths to
the tops of the scattering layers are virtually identical for test site and cross channel lines (the
average depths of the lower boundaries are also not greatly discordant) — would suggest illumination
to be a controlling factor (it will be remembered that the multi-beam may be incapable of reliably
discerning scattering layers at depths > 60 - 70 m depth under noisy conditions and probably not >
75 — 100 even under the best conditions).
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The role of illumination in controlling vertical fish distributions is also suggested by examination of
the June 2012 Grid 7 TO — T8 S, profiles of APPENDIX 8. One observes an apparent progressive,
upward migration of an intense, almost certainly herring origin layer, from 15 - 20 m depth on
transects T1 & T2 to 10 m or less on transects T6 and T7. Local sunset occurred on line T5. Were
the herring moving onto the surface in response to approaching darkness? Interestingly, while the
fish layer at times appears embedded in strong plume-like near-surface backscatter - as might be
expected near maximum ebb flow - the fish layer itself remains distinctly discernible. On
examining the preceding Grid 5 & 6 surveys the apparent same intense layer was centered at depths
of about 35 and 25 m respectively. These earlier grid observations provide strong confirmation that
a persistent fish layer was in systematic and progressive upward motion at least several hours prior
to sunset, the Grid 7 transects detailing only the end-point of this process. These observations
illustrate how the multi-beam sonar can resolve transitory phenomena and where, perhaps, a more
rigorous “editing-out” of all plume backscatter could have also removed important details of a
superimposed fish behavioural phenomenon.

4.2.3.3 Comparison of Multi-beam and Split-beam Data

Comparison of split-beam biomass density estimates (proportional to split-beam vertically
integrated, linear form S, assuming a herring population of invariant size distribution) with multi-
beam average S, levels per transect is instructive. The analyses are confined to the test site where
multi-beam delineated scattering layers could be reliably detected to typical bottom depths. A plot
of multi-beam, average integrated S, per survey line vs. survey month is shown in Fig. 31. The Fig.
31 data are extracted from Table 11 and restricted to post Sept. 2010 test site only grid surveys.
Several comments regarding the analyses are listed below:

1 The relevant ordinate for the 22 Nov. 2011 survey has been entered as a “0” since no fish
layers were unambiguously detected by the multi-beam.

2) The corresponding ordinate for the less systematic 16 Sept. 2010 survey would be 3.36 vs.
the plotted 0.82 for the more regular 19 Sept. 2011 survey.

3) If the less certain fish detections for March 2012 Grid 6 were included, the plotted March
ordinate would rise from 0.11 to 1.62 — a significant change. While EK60 split-beam
detections (below) lend no support for significant fish densities on Grid 6 — for the purposes
of Fig. 31 it is best that this conclusion rest on the interpretation of the multi-beam data
alone.

4) For the Nov. 2011 survey, multi-beam data was available for Grid 1 only, while the split-
beam system subsequently detected high fish concentrations on Grid 3 of the same survey.

The multi-beam data of Fig. 31 is best compared to the split-beam “test site” data of Fig. 9. Both
systems clearly detected the very high fish (almost certainly herring) concentrations on the final
June 2012 survey. However, the lower concentrations characterizing the earlier surveys appear
greatly underestimated by the multi-beam system. It must be remembered that Fig. 31 data were
limited to visually “obvious” (i.e. isolated) selected events while Fig. 9 data were derived from the

39



complete processed dataset. It might be concluded that most fish targets surveyed by the multi-
beam system were sufficiently well dispersed in the water column, or, if aggregated within layers,
displayed sufficiently weak backscatter to be masked by background noise thereby precluding their
inclusion in Table 11.

Due to the susceptibility of the MS 2000 to several known sources of noise as well as our current
inability to fully eliminate the strong and highly variable backscatter contributions from bubble
clouds it would appear prudent to rely upon results from the much less noise prone, fully calibrated,
and better data-edited split-beam system for the bulk of survey identification and quantification of
fish concentrations in Minas Passage. The current multi-beam data is best utilized for consistency
checks with the split-beam observations on the infrequent occasions when high signal amplitudes
(i.e. well above residual noise levels) are present and also for use in select situations where the
multi-beam’s inherently greater volumetric sampling capability can effectively enhance
observational spatial/time resolutions in delineating transitory or highly spatially localized
phenomena (such as rapid herring migrations to surface at dusk).

In retrospect, it is possible that improved multi-beam performance for the purpose of VBS
extraction might have been obtained if the range settings employed in the deep channel had been
retained for use in the test area. In the MS 2000 firmware a longer profiling range automatically
invokes a longer transmit pulse length and a narrower receive bandwidth, both of which would
conspire to produce enhanced signal-to-noise ratios in the presence of broad band background noise
such as that generated by propeller cavitation, flow noise, and perhaps far out-of-band EK60
interference. However, longer pulses and attendant narrower bandwidths would, in theory, not alter
the overall signal-to-noise situation for vertically integrated VBS when the noise component
originates from bubble cloud backscatter. One disadvantage of longer pulses is that the
instantaneous signal level contrast between a fish (point target) and from a surrounding
homogeneous bubble cloud (diffusely scattering medium) is reduced. In consequence longer
transmit pulses would tend to make fish echoes less visible on multi-beam fan sections when
superimposed on a diffusely scattering bubble cloud background. Because of this reduction in
instantaneous signal level contrast any signal thresholding applied to suppress the bubble
background would become less efficient and more difficult to adjust. However, if broad band
“spoke” noise, originating for say from ship radiated noise, constitutes the dominant noise
background use of longer pulses could be quite advantageous.

It is instructive to provide some survey-by-survey comparisons of the two survey systems with
special emphasis on the multi-beam events included in Table 11. One limitation is that while multi-
beam backscatter profiles are presented on a transect-by-transect basis (APPENDIX 8), comparable
profiles for the split-beam are only presented on a grid-by-grid basis (Figs. 11 — 18). Nevertheless,
a degree of comparison is possible.

22 August 2011 Survey

Test Site: The multi-beam observed enhancement on Grid 1 TS — T8 from 15 — 25 m depth (Table
11) appeared to have a clear counterpart in the split-beam lumped Grid 1 profile of Fig. 11d.
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However, the split-beam observed sharp spikes on Grid 2 at about 10 and 23 m respectively
appeared to have no obvious counterpart on the split-beam profiles of APPENDIX 8

Cross-Channel: The multi-beam observed enhancements on Grid 1 X1 & X2 from 15 — 28 m depth
appeared on the split-beam as two close-spaced separate layers or spikes in the same depth range
(Fig. 11c).

The split-beam did show significant enhanced backscatter on Grid 3 in the 25 — 80 m range which
was not selected as a possible multi-beam enhancement in Table 10. Re-examination of the
relevant Grid 3 multi-beam profiles of APPENDIX 8 did reveal a possible enhancement but it
remained unclear whether this necessarily arose from fish or, alternatively, may have arisen from
residual bubble plume scattering prominent at the shallower end of the stated depth range or the
increasing effect of residual “spoke” noise at the deeper end of the range. Multi-beam noise levels
on Grid 3 were high as a consequence of near maximum flood current. While such multi-beam
features can be labelled as “possibly” real when compared to lower noise split-beam data, this level
of confidence was not reached on examination of the multi-beam data in isolation.

19 September 2011 Survey

Test Site: Multi-beam selected enhancements on Grid 4 T4 — T8 around 15 — 25 m depth clearly
show on the split-beam (Fig. 12d). A similar split-beam observed enhancement in this depth range
on Grid 1 may be present on the multi-beam but the higher noise levels and bubble scattering near
maximum ebb flow make its reality uncertain.

Cross-Channel: Multi-beam reported enhancements on Grids 1 & 2, and, most strongly, on Grid 3
(17 — 28 m) are clearly reflected only in the split-beam Grid 3 profile of Fig. 12¢ at the
corresponding depth range although split-beam profiles for Grids 1 & 2 do show a few spikes in the
vicinity of 20 m.

03 October 2011 Survey

Test Site: The tabulated multi-beam Grid 4 T6 — T8 enhancement at about 7 — 15 m depth appears
present on the split-beam Grid 4 (Fig. 13d). Split-beam Grid 4 levels appear much higher than Grid
1 & 2 levels in the same depth range. The fairly high Grid 1 split-beam levels (2 - 15 m) are not
clearly observed on the multi-beam.

Cross-Channel: The multi-beam reported a Grid 3 X2 transect enhancement from 15 — 30 m (Table
11). Split-beam Grid 3 levels are also highest in this depth range (Fig. 13c) but appear composed of

two main layers. Any reflection of the split-beam delineated broad, low amplitude peak from 30 —
75 m depth on Grids 1 & 3 seems obscured by noise on the corresponding multi-beam profiles.

22 November 2011 Survey
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Test Site: Only Grid 1 was surveyed with the multi-beam and no clear enhancements were tabulated.
The split-beam system did observe fish on Grid 1 at < 10 m depth (Fig. 14d) - perhaps also present
in the multi-beam data but not reliably separable from the bubble backscatter as peak ebb flow
approached.

Cross-Channel: No multi-beam lines were run due to equipment failure.

Unfortunately multi-beam equipment problems precluded comparisons with the seemingly quite
significant split-beam observed Grid 3 enhancements from ~ 15 to 40 m both at the test site and in
the Channel (Fig. 14c & d).

25 - 26 January 2012 Survey

Test Site: Backscatter levels were generally low on both systems. The multi-beam showed a slight
enhancement on Grid 8 T6 — T8 between 14 - 22 m depth (Table 11) that was only delineated
because noise levels were exceptionally low at the approach of low tide slack water. The split-beam
did show a very modest peak in this depth range (Fig. 15 d). Most observed split-beam scattering
was on Grids 1 & 2, broadly in the 10 - 50 m depth range with the Grid 1 scattering peaking at just
over 30 m depth. All of the split-beam observed scattering was of quite low level and not
confidently discernible on the multi-beam.

Cross-Channel: Levels remained quite low on the multi-beam. Highest split-beam backscatter
occurred on Grid 4 broadly between 30 - 110 m depth and peaking from 60 - 70 m but levels were
very low (Fig. 15c¢). Multi-beam profiles for Grid 4 did display higher levels in this depth range
than for the preceding and the following grids but amplitudes remained sufficiently low to preclude
confident selection.

19 — 20 March 2012 Survey

Test Site: Again backscatter levels were quite low on both systems. Multi-beam Grid 4 profiles T7
& T8 displayed low level enhancements between 4 - 12 m and 17 - 30 m (strongest) depths (Table
11). As in the preceding survey these peaks were discernible on the multi-beam system only
because of the exceptionally low noise levels occurring near low tide slack water. The split-beam
did not clearly discern the Grid 4 shallower enhancement but did show the deeper (Fig. 16d).
Significantly, the multi-beam Grid 6 TO - T8, 10 - 45 m depth possible fish layer of Table 10 did not
stand out on the split-beam suggesting its exclusion from Table 11 was the correct choice.

Cross-Channel: No multi-beam layers were identified.

31 May 2012 Survey

Test Site: The multi-beam Grid 1, especially transect TO, seemed to show intense compact schools
near-bottom in the 40 — 48 m depth range but these features did not appear on the lumped Grid 1

42



split-beam analysis (Fig. 17d). It is possible these features were, in reality, diffractions associated
with the very hard 3-D bottom and were eliminated as “bottom” on the split-beam analysis. In
rougher portions of the test site it was not uncommon to observe fish-like echoes within bottom
depressions which could be real or, alternatively, arise from bottom diffractions including high
profile bathymetric features lying just off the survey transect. The split-beam did record high
backscatter at < 5 m depth on Grids 2 & 5. The multi-beam did show very high backscatter at < 10
m depth on some Grid 5 transects but this was likely a noise effect arising from coincident
maximum flood current. The high level split-beam observed peak on Grid 4 from 30 — 34 m depth
was not clearly seen in the multi-beam. The narrow depth range of this feature might suggest as
origin an intense localized feature. Any such intense highly localized feature may well have been
eliminated as a noise burst in the automated multi-beam processing.

Cross-Channel: No multi-beam selections were tabulated. The split-beam did record fish echoes
in the < 10 m depth range on Grids 1, 2 & 4 a dubious depth range for multi-beam comparison (Fig.
17c). The multi-beam did show some enhancement at < 10 m on Grid 4 on X1 & X2. The high
level split-beam observed peak on Grid 1 at about 54 m depth was not seen in the multi-beam.
Again the narrow depth range might suggest a single intense localized feature.

25 —26 June 2012 Survey

Test Site: The multi-beam appears to see fish on Grid 1, TO — T8 from 25 — 56 m; split-beam
observations reveal only a minor, thin layer from 23 - 28 m suggesting the multi-beam layer to be
spurious. Real time cruise notes reported Grid 1 fish targets on both the multi-beam and split-beam
— but the latter did not show-up in a significant manner on quantitative analyses.

Very intense layers on Grids 5, 6 & 7 were observed on both systems (Fig. 18d). Grid 5 and Grid 6
layers were seen at similar depths (allowing for the differing transducer draft corrections).
Curiously, the Grid 7 layer was much broader on the multi-beam than on the split-beam — multi-
beam Grid 7 transects T4 & TS agreeing reasonably well with the split-beam but transects TO — T3
not so. Multi-beam profiled fish layers on Grid 7 transects TO — T2 were discernible but
superimposed on a strong bubble plume backscatter background. Were the corresponding split-
beam fish layers manually edited out with the plume backscatter in analysis? While both systems
appear to show a herring layer rising toward surface over Grids 5, 6 & 7, the multi-beam Grid 7
transect-by-transect delineation of the end-point of the apparent vertical migration is noteworthy as
it seems to show a herring layer merging onto the water surface as darkness approached. If this
interpretation is correct, it serves as an example of how the high sampling volume of the multi-beam
can enable high degree of time resolution of a transitory phenomenon.

Cross-Channel: Multi-beam Grid 1 lines X1 (especially) & X2 both are tabulated as showing
modest enhancements in the 20 — 55 m depth range. The multi-beam fan sections on careful
inspection also show numerous fish echoes and compact schools. The Grid 1 split-beam data below
30 m also suggest some type of enhancement (Fig. 18c). However, the many sharp “spike” features
on the split-beam grid analyses do not clearly show up on the corresponding multi-beam profiles.
Could the multi-beam noise reduction algorithms have been overly aggressive in eliminating
legitimate high amplitude localized signal bursts?
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4.3 Turbine Observations

During the 10 Sept. 2010 survey the OpenHydro turbine was imaged by both acoustic systems; the
MS 2000 multi-beam (Fig. 32) clearly outlined its circular shape and its supporting base. Some fish
echoes could be observed to within about 5 m of the turbine on both systems. Observations of
turbine-proximate fish echoes on MS 2000 fan sections were largely restricted to waters
immediately above the turbine as strong diffraction fringes generated by the turbine shroud
effectively obscured water column regions immediately adjacent to the turbine nacelle openings.
EK60 echograms in particular revealed prominent acoustic wakes on the down-stream current side
of the turbine with a hint, perhaps, of some close-in flow disturbance also on the intake side. Any
proximate intake-side effect is difficult to separate from diffractions from the superstructure (Fig.
33). Near slack tide, down-stream wakes angled steeply upward toward the surface suggesting a
buoyant nature, conceivably originating from turbine or turbine enclosure induced aeration or
cavitation. On multi-beam sections, wakes on the outlet side of the turbine were also frequently
visible — perhaps less dramatic in appearance then those recorded by the EK60 (see above) due to
the multi-beam’s lower sensitivity — but curiously, in some cases, suggesting the form of hollow
circular arcs in 3-D space. Hollow arcs generated from turbulent interactions with the outer
enclosing shroud alone, would be consistent with all turbine blades being absent at the time of
observation — a hypothesis not inconsistent with what is definitely known about the structural failure
of the turbine blades. Regardless of whether some turbine blades were still in operation, the
presence of acoustically-visible, intense outflow wakes and possible near-intake acoustic
disturbances should be taken into account in any future attempts to monitor turbine-proximate fish
using sonars mounted on or close-to the turbine superstructure.

4.4 Summary

The data presented above, combined with the multi-beam sonar observations, illustrate that acoustic
technology can be used to monitor and quantify fish distribution and movement from the surface at
high flow sites. In general the observations were consistent with those of the EK60 split-beam
system. Some limitations are imposed during extreme flow phases of the tide when surface aeration
and turbulence penetrate to near bottom, thereby prohibiting the detection of fish targets. Strong
winds further increase the depth of surface noise. It should also be noted that vessel /flow noise at
high propeller rpm’s, consistent with peak flow periods limited the detection of fish-like targets
beyond 75 — 100 m. However for most phases of the tide a large portion of the water column can be
monitored.

5. DISSEMINATION AND TECHNOLOGY TRANSFER
To date, preliminary results from the 2010 initial survey have been published in the Canadian

Technical Report Series (Melvin & Cochrane 2012). Plans exist to publish the essence of this report
in the refereed literature. Both authors are presently members of the FORCE Fundy Advanced
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Sensor Technology (FAST) Science Advisory Board, thereby well positioned to bring experience
garnered from this study to bear toward the selection, mounting, and deployment of new sonar
sensors in further studies of fish distributions and abundances at active or potential Bay of Fundy
TISEC sites.

6. CONCLUSIONS

This report, including the appendices, summarizes the extensive data collected during the study and
is sufficiently detailed to allow interested individuals to pursue further general investigations to the
transect level. Additional information can be extracted from the dataset, but requires specialized
software. Those interested can make a special request to the authors. The following conclusions
were drawn from 9 surveys undertaken between 2010 and 2012 from simultaneous deployment of
single and multi-beam acoustic systems in Minas Passage. The observations are based on a single
survey (2010) with the OpenHydro turbine in place and 8 surveys (2011 - 2012) conducted over a
year to elucidate temporal, spatial and diel variability of fish-like targets in the water column at the
FORCE test site. The weak link in this analysis is that no ground-truthing of the targets was
undertaken to confirm species or fish size. Our general conclusions are as follows.

1)  Surface waters in Minas Passage, especially near the test site, are extremely turbulent and
often highly aerated, the extent depending upon the tidal flow and the wind. The aerated
layer is continually changing and usually extends to a water depth of approximately 10 -
20 m, however during certain phases of the tide it can extend from the surface to the
bottom for a short period of time. The thickness of the aerated zone also appears to
broaden with increasing winds. The acoustic detection of fish-like targets within intensely
backscattering bubble clouds and plumes within the aerated zone is not reliable using the
techniques employed in this study.

2)  Conventional surface acoustic technology can be used to detect fish distribution and
abundance throughout the water column below the bubble-dominated surface turbulent
zone. There are, however, uncertainties in the detection of individual fish in or near the
surface waters and within the variably aerated layer as noted above.

3) Combining single beam with multi-beam observations, the latter non-redundantly
ensonifying larger water volumes, enhances the ability to detect and to define layers of
fish, especially near-surface. Several cases were identified during processing where fish or
layers of fish were detected by one system and not the other. The systems generally
complement each other, helping to verify otherwise uncertain targets. Unfortunately,
considerable work is required to optimize any multi-beam sonar, including the MS 2000,
for the most reliable extraction of volume backscattering (e.g. calibration, data editing, and
noise suppression). Single targets near the surface aerated zones were difficult to discern.

4)  Fish-like targets were identified year round at the FORCE test site and in the channel

although the quantity varied by season and from survey to survey. Beginning in August
acoustic backscatter attributed to fish gradually increased until about November, then
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5)

6)

7)

8)

9)

10)

declined during the cold winter months before a rapid increase in May with an observed
yearly maximum in June. This is generally consistent with the known migration and
distribution of fishes in the upper Bay of Fundy. Biomass estimates ranged from < 1 t/km?
to 7.5 t/km” assuming herring as the target species.

The vertical distribution and strength of acoustic backscatter was found to vary with depth,
tidal phase, season, day/night cycle, and survey Grid; with the extent of this variability
apparently related to the quantity of fish in the area and likely the species present. In
general, observations indicate the existence of 3 main layers or zones of backscatter;
namely the upper water column (< 10 m from the surface), the middle water column (15 -
35 m), and the near bottom (> 45 m) at the test site. The precise modal depth varied
depending upon tidal phase. A deep layer was also observed near bottom in the channel.

Given the range of water depths present and the approximate height of a tidal turbine, fish
occurring in the middle water column (15 — 35 m) layer will likely interact with a tidal
turbine positioned on the FORCE test site.

Target strength analysis clearly illustrate that there are temporal and spatial differences in
the species composition and size distribution of fish in Minas Passage. Two periods stand
out as displaying the strongest mean TS - implying the presence of larger fish; August and
May, although the August mean TS is much larger than that in May. These two periods
correspond to the approximate time when migratory fish should be moving through the
Passage.

Mean day/night TS observed in Minas Passage during the study period indicate temporal
and spatial differences during certain periods of the year. The first 24 hour survey in
January showed no significant difference (P < 0.05) between day and night TS. By March
a statistical difference in overall mean TS and mean TS by depth interval was found for
most depth intervals, with the night targets being stronger than the day. In June the
situation changed again with marked differences in the mean TS for specific depth
internals, but not for the overall water column. These observations are consistent with the
diel movements of the fish known to be present in Minas Passage at the time of the survey.

There are definite differences between the EK60 and the MS 2000 datasets with respect to
detection levels, range, and quantification. S, estimates from the MS 2000 were relatively
but not absolutely calibrated and thus could not be converted to absolute biomass. The MS
2000 sonar was not optimized to detect volume backscattering from deeper targets nor
fully normalized to compare backscattering between widely separated depth intervals.
Furthermore, the MS 2000 was markedly more sensitive to background/ambient noise
which reduced detection depths at the higher survey vessel speeds used during peak flow
periods. The multi-beam was also more sensitive to cross-system acoustic interference.
Regardless, when both systems detected fish, peak backscatter occurred at the same depth
intervals.

In the original survey of 2010 there appeared to be a distinct period during the ebb tide
when fish preferentially transited out of the basin. This pattern was further observed on
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several surveys over the yearlong study, particularly during periods when fish appeared
more abundant in the area.

11) Overall, the mean density of fish was relatively low at the time of surveying based on the
observed volume backscatter (Sy) levels from the EK60. However, there were indications
that extensive layers of fish did pass through the area on specific transects, potentially
representing much higher densities for short periods of time.

12) Currently the MS 2000 system requires the development of improved analytical tools if the
same or similar multi-beam sonar systems are to be used as quantitative monitoring
instruments in noisy environments or in highly aerated waters as occur in Minas Passage.
A number of editing tools and noise removal algorithms were developed for this study and
are contained in the in-house analytical software. However, automated removal of bubble
cloud backscatter as well as other noise sources is, at present, only partial while alternative
manually-based editing or target selection techniques are too laborious for extensive
application to multi-beam data sets. If multi-beam technologies are to be used as fish
monitoring tools much improved and fully automated, methods must be developed.
Considerable room also exists for the improvement of multi-beam performance apart from
the post-processing. This includes synchronization of simultaneously running sounders to
reduce some types of cross interference, choice of less noisy vessel platforms, and choice
of multi-beam operational parameters (pulse widths and bandwidths) better optimized for
VBS estimation as opposed to high resolution individual fish visualization.

7. RECOMMENDATIONS

The present study provides a general overview of fish abundance, distribution, and vertical
movement based on surface/vessel mounted split and multi-beam acoustic systems. There are,
however, a number of limitations imposed on data collections using this approach. Minas Passage
is located in a relative isolated region of the Bay of Fundy and chartering a suitable vessel can be
challenging and expensive for extended field operations. Split-beam technology provides a tried and
tested method to quantify fish, while the multi-beam sonar encompasses a broader area and larger
volumetric sample, but is far more sensitive to background noise associated with, in part, the vessel.
During peak flow periods, at least, fish at greater than 60 — 70 m depth become difficult to detect,
being lost in the background noise. Both systems must contend with the surface turbulence and the
potential loss of signal due to shading (not encountered in earlier studies). However, by far the most
difficult editing task is the separation of fish or aggregations of fish that occur with the bubble zone.
On several occasions fish could be tracked moving into or within the turbulence zone, yet separating
noise from fish was virtually impossible.

While intriguing patterns of fish behaviour have been revealed in this study they represent only a
few point estimates scattered throughout the year. Furthermore, there were several months of the
year where no surveys were conducted. If funding becomes available, surveys similar to those
presented here should be conducted to complete the annual cycle. Observations from this study can
be used to undertake a first estimate of the impact of tidal power development however further and
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more numerous sampling will be required to draw definitive conclusions about potential impacts of
TISEC devices on the behaviour and mortality of upper Bay of Fundy fish stocks.

Regarding equipment to monitor, split-beam echosounders are likely to provide the best estimate of
the abundance and distribution of fish at existing and proposed test sites in the near future as most of
the analytical tools for processing the data already exist. However, in the longer term multi-beam
sonars will provide the same information, but with greater coverage, enhanced distributional
information, behavioural patterns/reactions and visual displays of the fish and marine mammals
occupying and transiting proposed development sites. Multi-beams sonar still has some
development to achieve this objective, especially in terms of reasonably priced post-processing
tools, before it can become a commonly used monitoring tool for evaluating environmental impacts.
It is encouraging that multi-beam sonars specifically engineered and optimized for fish detection
and quantification are now appearing in the marketplace and it is anticipated that their performance
will be much enhanced for these specific applications and their attendant working environments.
However, better quantification of the existing “general purpose” multi-beam sonars and their beam
patterns is both possible and recommended to generate more accurate vertical profiles of S, and to
enable more precise inter-comparison with complementary data from split-beam systems.

Many of the challenges associated with surface deployment and vessel noise would be overcome
through the bottom deployment of upward looking acoustic equipment, either hardwired into a
power/communication supply or as a self-contained autonomous unit mounted to a retrieve
platform. The small number and brevity of Minas Passage sampling surveys provided fragmentary
scientific data, coupled with a measure of informed speculation in order to ensure an adequate and
representative description of the fish ecosystem composition, its functioning, and, especially, its
vulnerabilities. Preliminary experiments in high flow areas indicated that equipment such as the
ASL acoustic water column profiler can be successfully deployed for several months at a time and
collect continuous information on the occurrence of fish-like targets and their distribution Appendix
4).

The authors would recommend the deployment of an autonomous, stationary, bottom-mounted
echosounder to extend monitoring into the inter-survey periods. This continuous, longer-term
acoustic monitoring tool would have several innate advantages even in the absence of the detailed
spatial and target strength data possible from ship-based surveys:

1) The ability to ascertain if “spot” vessel-based acoustic surveys are representative of longer
term ecosystem conditions, especially in regard to fish densities, and fish vertical

distributions, and repetitive behaviours.

2) The ability to separate tidal current induced fish behaviours from those induced by diurnal
variations in ambient light levels i.e. linked to time of day.

3) The detection of significant “transient” biological events — if they exist.

Biological sampling of the water column (e.g. trawling) to ground-truth targets is definitely required
to support acoustic-based interpretation. Current speculation on fish is based on the limited
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information available for the area. Individual target TS data can be useful in identifying fish
species, but without supporting ground-truthing it often remains too ambiguous for confident
species identification. Trawl surveys recently conducted in the general Minas Channel area seldom
sampled below about 20 m depth resulting in our current knowledge of fish distributions being
highly biased toward the near-surface region. Further research in this area in required.

While observation of fish densities in the general vicinity of turbines can at best place upper limits
on turbine fish transits, acoustic methodologies employing surface vessels are unlikely to detect
active turbine avoidance by fish occurring within several meters of the intakes. This critical
proximate to the turbine constitutes a challenging observational region for conventional shipboard
systems where individual fish echoes are normally obscured by strong acoustic beam side lobe
scattering and multi-beam array sensor overloads from the turbine structure and where stable
positioning and sufficiently long observation times are also difficult to achieve — not to mention the
compounding problem of additional fish avoidance from noisy vessels. If fish are repelled at ranges
of 10’s to hundreds of meters by noise radiated from tidal turbines some potential for vessel-based
detection may exist. Accurate and dependable delineation of avoidance would seemingly require
acoustic systems to be mounted directly on the turbine structure, looking outward at optimum
observation angles, with hard-wired power and telemetry to shore. The practicalities of mounting
(and recovering) general purpose scientific instrumentation on turbine structures should be
addressed. It should be noted that even if turbine fish transits can be eventually quantified,
ecosystem impacts can only be accurately evaluated if additional transit mortality data are available.
However, even in the absence of the latter parameter, quantification of fish avoidance should enable
a reduced upper bound to be placed on potential fish mortality compared to that derived from
utilization of fish densities and turbine flow rates alone.

The proposed deployment of a retrievable scientific platform will help to evaluate the performance,
durability, data quality, and limitations of a multitude of monitoring equipment from both the
engineering and practical aspects. Development and installation of the scientific platform should be
encouraged. During the testing, further development of analytical capabilities should be undertaken
for several systems that show promise (e.g., multi-beam sonars, ASL Water Profiler, etc.).

8. PUBLICATIONS

8.1 Technical Reports

Preliminary analysis of data collected on the initial Minas Passage Project acoustic survey of 16
Sept. 2010 has been published in the Canadian Technical Report Series:

Melvin, Gary D. and Cochrane, Norman A. 2012. A Preliminary Investigation of Fish Distributions

Near an In-Stream Tidal Turbine in Minas Passage, Bay of Fundy. Can. Tech. Rep. Fish. Aquat. Sci.
3006: vi + 43 p.
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8.2 Other Public Communications

N. A. Cochrane and G. D. Melvin (2010) Vertical Distribution, Movement & Abundance of Fish
near Tidal Turbines — Results, Challenges & Lessons Learned. PPT Presentation at OEER/FORCE
Tidal Power Workshop, Wolfville, NS Oct. 13 — 14, 2010, on-line:
http://www.offshoreenergyresearch.ca/Portals/0/Norman%20Cochrane wait%20for%20NSPIL.pdf

9. EXPENDITURES OF OEER/OETR FUNDS

The contents of this section have been forwarded to the OERA under a separate cover.

10. EMPLOYMENT SUMMARY

Contrary to initial expectations no students were employed in this project. Delays and uncertainties
in charter vessel procurement shifted the routine field work where students could potentially be
employed into the fall and winter of 2011 and into the spring of 2012, conflicting with the standard
academic term and student availability. In consequence, most of the field program and routine oft-
loading of data was performed by DFO regular and term technicians. The incremental cost of DFO
technical support, including modest applicable field overtime costs have been charged against the
project. The subsequent data analysis was non-routine requiring specialized expertise and software
development beyond the expected technical level of a short term student placement. Analysis was
personally performed by the Project PI’s as a pre-agreed DFO in-kind project contribution.

Also contrary to original plans local fishing vessels could not be utilized since few local boat
owners were willing to obtain a “Passenger” or “Commercial” (non-fishing) license for their vessels
to satisfy Transport Canada regulations for the conduct of non-fishing related operations. Vessel
charters were awarded to the Huntsman Marine Science Centre, St. Andrews, NB on the basis of
formal cost-competitive bids.
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TABLES

Table 1. EK60 sounder calibration settings used for the 16 Sept. 2010 Minas Passage acoustic

survey.

Calibration Settings

Absorption Coefficient (dB/m)
Sound Speed (m/s)
Transmit Power (W)
Two-way beam angle (dB re 1 Steradian)
Transducer gain (dB)
Sa Correction (dB)

Transmit pulse length (ms)
Frequency (kHz)

Minor-axis 3dB beam angle
Major-axis 3dB beam angle

Applied Datafile
0.04095| 0.03744
1493.89| 1493.89

500 500
-20.8 -20.8
26.31 25.7
-0.34 0
1.024 1.024

120 120

6.45 7.1
6.45 7.1

Table 2. Summary of acoustic transects conducted in Minas Passage on 16 Sept. 2010. Transects
are numbered from north to south. Transect 4 passes directly over the turbine.

Start End Start Transect
Transect [Date Sounder Time Time Tide Time Start Start End End Length
Frequency (GMT) (GMT) Phase | (Local) Lat Lon Lat Lon (m)

T1a |20100916 120 15:07:52.50 | 15:13:55.83 E 12:07:52 45.3672( -64.4225| 45.3694|-64.43441 958
T1b (20100916 120 18:01:04.45 | 18:04:57.16 F 15:01:04 45.3693(-64.43419| 45.3670|-64.42213 965
T2a (20100916 120 14:53:56.28 | 15:07:05.95 E 11:53:56 45.3686| -64.4352| 45.3663|-64.42245 1045
T2b |20100916 120 17:30:41.89 | 18:00:19.41 F 14:30:41 45.3662(-64.42165| 45.3687|-64.43519 1132
T3a |20100916 120 14:47:16.97 | 14:52:38.22 E 11:47:16 45.3654(-64.42279| 45.3681|-64.43546 1039
T3b 120100916 120 17:24:23.58 | 17:29:52.35 S 14:24:23 45.3679(-64.43591| 45.3656| -64.42229 1083
T4a 20100916 120 12:26:54.61 | 13:02:02.45 E 09:26:54 45.3669( -64.43287| 45.3635|-64.42056 1113
T4b (20100916 120 13:02:12.95 | 13:07:38.72 E 10:02:12 45.3637| -64.4206| 45.3666|-64.43417 1123
T4c |20100916 120 13:08:56.78 | 13:33:28.08 E 10:08:56 45.3664(-64.43378| 45.3645| -64.42338 901
T4d |20100916 120 14:19:19.98 | 14:45:51.39 E 11:19:19 45.3658(-64.43742| 45.3646| -64.4235 1213
T4e 20100916 120 15:16:19.95 | 15:32:56.83 E 12:16:19 45.3673(-64.43637| 45.3646|-64.42327 1097
T4f (20100916 120 16:04:38.95 | 16:17:14.08 S 13:04:38 45.3653(-64.43875| 45.3643|-64.42293 1396
T4g 20100916 120 16:49:35.28 | 16:59:13.28 S 13:49:35 45.3654(-64.43833| 45.3639|-64.42225 1395
T4h 120100916 120 16:59:52.31 | 17:23:22.02 S 13:59:52 45.3640( -64.4226| 45.3671|-64.43582 1124
T4i 20100916 120 18:09:15.39 | 18:29:01.44 F 15:09:15 45.3645(-64.41874| 45.3652| -64.42757 784
T4j 20100916 120 18:29:16.45 | 18:31:39.08 F 15:29:16 45.3652(-64.42767| 45.3644|-64.42365 351
T5a 20100916 120 13:34:20.63 | 13:38:44.86 E 10:34:20 45.3639( -64.42401| 45.3660| -64.4357 945
T5b |20100916 120 15:36:02.97 | 15:41:39.27 E 12:36:02 45.3640(-64.42381| 45.3662| -64.4358 960
T5c (20100916 120 16:18:20.16 | 16:26:17.58 S 13:18:20 45.3638(-64.42398| 45.3661|-64.43571 948
T6a 20100916 120 13:40:04.41 | 14:11:43.58 E 10:40:04 45.3653( -64.4363| 45.3627|-64.42435 1059
T6b |20100916 120 15:43:37.88 | 15:56:52.03 S 12:43:37 45.3653(-64.43633| 45.3625|-64.42434 983
T6c [20100916 120 16:27:35.66 | 16:35:58.58 S 13:27:35 45.3651(-64.43634| 45.3625|-64.42434 972
T7a [20100916 120 14:13:24.17 | 14:17:31.89 E 11:13:24 45.3618|-64.42533| 45.3645| -64.43749 970
T7b |20100916 120 15:58:26.63 | 16:03:52.41 S 12:58:26 45.3613( -64.4253| 45.3647|-64.43759 1020
T7c (20100916 120 16:37:22.66 | 16:48:38.25 S 13:37:22 45.3619|-64.42534| 45.3649| -64.43753 1015
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Table 3. Summary of Volume backscattering strength (S,), Nautical Area Scattering Coefficient
(NASC), Area backscattering coefficient (ABC), and Area backscatter Strength (S,) for each
transect with and without the surface noise.

Noise Included Noise Excluded
Transect Mean Area Area Area Area Percent
Sv NASC | Backscatter | Backscatter [ Mean NASC Backscatter | Backscatter|[ Excluding
Coefficient Strength Sv Coefficient Strength

T1a -54.60 6454.6 0.000026 -45.88 -82.21 7.234 0.0000002 -67.75| 0.650
T1b -54.22 6892.8 0.000146 -38.35) -86.71 3.357 0.0000001 -71.09 0.053
T2a -54.29 7056.0 0.000191 -37.19 -79.24 11.864 0.0000003 -65.60 0.144
T2b -54.95 5801.3 0.000150 -38.25 -85.16 4.814 0.0000001 -69.52 0.075
T3a -54.61 6311.8 0.000042 -43.79 -82.30 8.190 0.0000002 -67.21 0.455
T3b -54.84 5752.5 0.000164 -37.86 -86.48 3.419 0.0000001 -71.01 0.048
T4a -52.24 9417.5 0.000148 -38.29 -73.66 40.432 0.0000009 -60.28, 0.632
T4b -52.59 8845.2 0.000135 -38.71 -75.38 31.324 0.0000007 -61.39 0.540
T4c -52.81 8353.7 0.000148 -38.29 -75.25 27.481 0.0000006 -61.95 0.430
T4d -57.10 2942.4 0.000114 -39.44 -76.16 24.921 0.0000006 -62.38, 0.508
T4e -58.28 2238.5 0.000163 -37.89 -79.56 12.648 0.0000003 -65.32 0.180
T4f -61.42 1112.5 0.000194 -37.13 -83.28 6.009 0.0000001 -68.56) 0.072
T4g -51.97 9362.4 0.000160 -37.96 -81.89 7.672 0.0000002 -67.50 0.111
T4h -53.42 6384.0 0.000025 -45.98 -83.75 5.431 0.0000001 -69.00 0.500
T4i -51.79 6395.1 0.000014 -48.42 -82.63 4.847 0.0000001 -69.49 0.782
T4j -50.73 9488.7 0.000220 -36.57, -83.09 3.249 0.0000001 -71.23, 0.034
T5a -56.59 3487.8 0.000068 -41.66 -73.01 55.982 0.0000013 -58.86) 1.903
T5b -59.04 1801.2 0.000081 -40.92 -82.72 6.315 0.0000001 -68.34 0.181
T5c -563.53 6301.7 0.000052 -42.85 -84.48 4.202 0.0000001 -70.11 0.188
T6a -563.46 7008.6 0.000204 -36.89 -76.56 21.939 0.0000005 -62.93| 0.249
T6b -61.29 1086.7 0.000205 -36.88 -76.87 24.807 0.0000006 -62.40 0.280
T6c -562.05 8814.1 0.000133 -38.75) -85.05 3.744 0.0000001 -70.61 0.065
T7a -55.04 4904.9 0.000146 -38.34 -79.02 13.697 0.0000003 -64.98| 0.217
T7b -63.80 619.9 0.000218 -36.61 -85.93 3.347 0.0000001 -71.10 0.036
T7c -52.51 8231.0 0.000217 -36.63, -85.27 3.673 0.0000001 -70.69 0.039
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Table 4. Standard Minas Channel survey transects.

Along-Cannel
Line

TO
T1
T2
T3
T4
T5
T6
T7
T8
X1

Across-Channel
Line

Y1

Y2

North-West End

N

45 22.229

4522175

45 22.130

45 22.093

45 22.021

45 21.969

4521.918

45 21.864

45 21.809

45 19.970

W

64 26.057

64 26.081

64 26.100

64 26.117

64 26.151

64 26.173

64 26.194

64 26.219

64 26.242

64 26.995

North-East End

N

45 21.647

45 22.229

W

64 25.507

64 26.057

South-East End

N

45 22.067

4522.018

45 21.971

45 21.939

45 21.862

45 21.812

45 21.761

45 21.702

45 21.647

45 19.950

W

64 25.326

64 25.349

64 25.365

64 25.381

64 25.414

64 25.434

64 25.458

64 25.484

64 25.507

64 26.178

South-West End

N

45 19.950

4519.970

W

64 26.178

64 26.995
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Table 5. Summary of Acoustic Surveys conducted in Minas Passage between August 22, 2011 and
June 25, 2012.

Suney Start Start time | End Time Day/Night [ Max Tide | Transects| Grids Channel Temp Salinity Sound
Date |(hh:mm:ss)| (hh:mm:ss) (m) (Co) (ppt) [Speed (m/s)
1 20110822| 11:45:18 21:28:30 D 10.25 45 4 3 15.41 30.82 1503.3
2 20110919| 10:55:27 20:22:39 D 10.14 45 4 3 15.70 31.30 1508.6
3 20111003| 09:55:59 20:14:49 D 11.17 46 4 3 N/a N/a N/a
4 20111122| 14:22:38 22:35:59 D/N 11.12 46 3 3 10.30 30.90 1485.9
5 20120125| 18:32:58 16:15:18 D/N 11.49 96 9 9 3.57 30.07 1458.7
6 20120319| 14:23:30 13:33:06 D/N 11.23 95 12 11 2.50 30.70 1454.5
7 20120531 12:09:40 23:12:16 D 11.25 57 5 4 9.51 31.52 1483.6
8 20120625 09:08:26 23:15:05 D/N 11.22 82 9 7 11.66 31.12 1491.4
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Table 6. Summary of acoustic backscatter (area backscattering strength — S,) for the entire water
column, for the water column below 10 m, and finally with all turbulence removed (fish) observed
during a yearlong study at the FORCE test site and adjacent channel in Minas Passage, Nova Scotia.

Backscatter Proportion Backscatter
Suney Suney Test Area Channel Test Area Channel
Number Month  [Water Column| Below 10m Fish Water Column|Below 10m| Fish Top Fish Top Fish
Sa (dB) Sa (dB) Sa (dB) Sa (dB) Sa(dB) | Sa(dB) | 10m 10m

1 August -43.112 -51.217 -67.630 -43.517 -54.435 -64.248 0.96 0.01 0.79| 0.24

2 September -47.857 -59.061 -66.176 -47.715 -54.660 -62.116 0.82 0.20 0.53| 0.54

3 October -47.702 -57.334 -63.428 -55.452 -61.288| -62.806 0.68 0.37 0.50[ 0.60

4 November -45.994 -54.731 -61.988 -45.437 -50.759| -59.060 0.85 0.25 0.74| 0.29

5 January -40.111 -47.969 -61.866 -40.956 -48.805 -60.579 0.86 0.08 0.90| 0.04

6 March -43.786 -51.248 -63.574 -50.409 -59.222| -64.106 0.71 0.30 0.59| 0.48

7 May -45.327 -53.812 -58.981 -53.234 -65.888 -62.109 0.68 0.35 0.66| 0.61

8 June -41.416 -48.753 -56.871 -44.379 -51.238| -58.106 0.74 0.26 0.54| 0.45
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Table 7. Summary of the mean acoustic backscatter from the test site and the channel expressed in
Sy, NASC, ABC and S, from fish-like targets observed during each of the 8 surveys in Minas
passage. The estimated biomass is based on a TS weight of -35.5. Note that all transects are
included in the estimate of the mean. Individual surveys are broken down into grids in Table and
individual transects in APPENDIX 5.

Suney Mean Mean Mean Mean Estimated
Number Date Number Volume Backscattering | Nautical Area Scattering| Area Backscattering Area Backscattering Biomass
Strength (Sv) Coefficient (m2.nmi2) Coefficient (m2/m2) Strength (ABS) (tonnes/km2)
Transects Test Site Channel Test Site Channel Test Site Channel Test Site | Channel | Test Site | Channel

1 22/08/2011 45 -82.5119 -81.0933 7.438 16.207( 0.000000173| 0.000000376| -67.6304( -64.2480 0.612 1.334
2 19/09/2011 45 -81.3939 -79.5173 10.397 26.479| 0.000000241| 0.000000614| -66.1760| -62.1158 0.856 2.180
3 03/10/2011 46 -78.7081 -80.6556 19.575 20.328| 0.000000454( 0.000000472| -63.4278| -63.2641 1.611 1.673
4 22/11/2011 46 -76.6750 -76.3926 28.603 53.519| 0.000000664 | 0.000001242| -61.7807| -59.0598 2.355 4.406
5 26/01/2012 96 -76.1104 -76.7360 28.711 31.148| 0.000000666( 0.000000723| -61.7645| -61.4106 2.363 2.564
6 19/03/2012 95 -78.5202 -81.5342 18.930 16.744( 0.000000439| 0.000000388| -63.5735( -64.1063 1.558 1.378
7 31/05/2012 57 -74.2366 -80.0018 54.494 26.522| 0.000001264| 0.000000615| -58.9815| -62.1088 4.486 2.183
8 25/06/2012 82 -71.9057 -75.2197 91.900 66.663| 0.000002132( 0.000001547| -56.7118| -58.1061 7.565 5.488
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Table 8. Summary of mean target strength estimates for each survey apportioned into 10 meter depth intervals. Note all calculations
were undertaken in the linear domain.

Depth Interval

0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 | 91-100 |101-110|111-120|121-130| Total

Aug-11

Number of Targets 1 21 23 56 61 20 26 23 18 27 35 17 8 336
Mean TS (dB) -40.21| -44.78| -43.24| -45.89 -47.52( -49.60( -43.50( -47.50( -46.17| -44.44| -42.08| -39.89| -45.56| -44.57
Standard Error (dB) -| -0.954| -1.791| -0.985| -0.806( -0.904 -2.424| -1.367| -1.297| -2.051] -1.674| -1.650| -1.785 0.634
Sep-11

Number of Targets 3 96 140 108 116 66 101 123 104 152 112 51 47 1219
Mean TS (dB) -52.17 -44.74 -44.29 -45.35 -47.17 -47.01 -47.35 -44.87 -44.28 -41.48 -39.95 -41.21 -38.69 -47.39
Standard Error (dB) 1.528 0.396 0.488 0.768 0.637 0.815 0.632 1.046 0.811 0.804 0.735 0.975 0.907 0.675
Oct-11

Number of Targets 10 50 69 112 161 107 74 55 49 64 43 29 15 838
Mean TS (dB) -44.61 -43.12 -44.38 -45.54 -46.26 -46.17 -47.09 -43.73 -41.49 -42.95 -39.33 -39.31 -36.31 -48.32
Standard Error (dB) 1.049 0.803 0.780 1.585 0.641 0.856 0.823 1.223 1.204 0.870 1.316 1.103 1.339 0.648
Nov-11

Number of Targets 71 424 906 1497 1618 1698 1573 1285 1137 854 548 195 50 11856
Mean TS (dB) -42.30 -48.24 -48.71 -48.51 -48.43 -48.33 -48.40 -47.64 -47.12 -44.68 -44.70 -46.39 -44.41 -46.90
Standard Error (dB) 1.010 0.290 0.177 0.250 0.226 0.263 0.149 0.355 0.249 0.416 0.391 0.366 0.724 0.562
Jan-12

Number of Targets 89 663 1752 2438 2188 1413 1061 892 554 323 145 47 10 11575
Mean TS (dB) -49.63 -50.00 -50.20 -50.25 -50.22 -50.54 -50.31 -49.72 -49.38 -49.08 -45.78 -47.59 -48.22 -46.80
Standard Error (dB) 0.389 0.197 0.196 0.201 0.130 0.100 0.105 0.198 0.187 0.200 0.984 1.314 1.074 0.556
Mar-12

Number of Targets 23 181 561 676 603 241 167 140 95 70 42 10 2 2811
Mean TS (dB) -47.69 -49.33 -48.69 -49.31 -49.83 -49.22 -49.55 -49.57 -48.30 -46.52 -44.92 -48.70 -48.57 -45.81
Standard Error (dB) 1.056 0.336 0.607 0.301 0.216 0.518 0.329 0.442 1.086 1.087 0.890 0.760 0.610 1.136
May-12

Number of Targets 22 25 56 161 151 48 21 15 29 43 27 11 8 617
Mean TS (dB) -44.84 -42.70 -38.21 -37.64 -45.29 -42.41 -44.01 -41.24 -44.77 -41.84 -39.53 -42.27 -44.26) -40.48
Standard Error (dB) 1.225 1.658 2.277 1.445 1.203 1.264 1.796 2.555 1.273 1.132 1.083 1.511 1.388 0.898
Jun-12

Number of Targets 17 320 1248 1816 1690 925 665 493 448 419 287 91 56 8475
Mean TS (dB) -47.47 -47.34 -44.28 -44.46 -45.23 -47.85 -49.18 -51.21 -47.49 -45.03 -41.92 -45.65 -41.76) -45.45
Standard Error (dB) 1.250 0.629 1.101 0.540 1.613 0.643 0.467 0.619 0.739 0.534 0.679 0.656 0.774 0.480
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Table 9. Summary of the Day/Night mean target strength estimates apportioned into 10 m depth intervals for each of the 3 surveys
which were conducted over a 24 hour period. The total column includes all water depths. Note that all calculations were undertaken
in the linear domain then converted to dB’s.

Depth Interval

0-10 11-20 | 21-30 | 31-40 | 41-50 | 51-60 | 61-70 | 71-80 | 81-90 | 91-100 |101-110(111-120|121-130| Total
January 25 (Day)
Number of Targets 33 193 595 765 598 293 198 167 115 51 25 4 2 3039
Mean TS (dB) -49.00( -49.64| -49.76| -49.91| -50.17| -50.28| -50.41| -49.79| -50.22| -49.61| -47.02| -50.42( -46.26] -49.930
Standard Error (dB) 0.826 0.425 0.446 0.504 0.239 0.232 0.203 0.271 0.186 0.296 0.856 0.975 2.309 0.175
January 25 (Night)
Number of Targets 49 362 890 1248 1160 786 675 578 348 238 103 38 7 6482
Mean TS (dB) -50.01| -50.18| -50.29| -50.34| -50.22( -50.64| -50.33| -49.95| -49.51| -49.24| -46.40| -49.70( -50.39] -50.104
Standard Error (dB) 0.235 0.105 0.179 0.171 0.185 0.134 0.132 0.259 0.193 0.184 1.406 0.498 0.578 0.088
March 19 (Day)
Number of Targets 12 83 350 407 325 98 65 59 43 20 18 6 1 1487
Mean TS (dB) -46.56| -49.63| -49.63| -49.41| -49.61| -50.13| -50.16| -50.44| -47.34| -49.68| -50.47| -49.12| -49.28| -49.531
Standard Error (dB) 0.826 0.425 0.446 0.504 0.239 0.232 0.203 0.271 0.186 0.296 0.856 0.975 2.309 0.189
March 19 (Night)
Number of Targets 5 57 122 188 200 106 70 49 25 22 16 3 0 863
Mean TS (dB) -48.42| -49.18| -46.53| -49.21| -50.34| -49.06| -49.08| -49.08| -49.43| -44.17| -42.77| -50.04 - -48.438
Standard Error (dB) 2.862 0.454 1.478 0.483 0.178 0.795 0.554 0.655 0.745 1.764 1.003 0.278 - 0.429
June 26 (Day)
Number of Targets 13 250 902 1115 944 409 281 217 192 177 119 31 22 4672
Mean TS (dB) -47.39| -47.38| -43.36| -43.09| -48.47| -49.19| -55.08| -54.33| -53.36 -45.28| -42.15| -48.52| -39.95| -45.321
Standard Error (dB) 1.344 0.711 1.213 0.614 1.324 1.580 0.349 0.497 0.545 0.839 0.757 0.845 1.090 0.502
June 26 (Night)
Number of Targets 4 67 318 652 694 498 384 276 256 242 168 60 34 3660
Mean TS (dB) -47.72| -47.01| -48.54 -48.41| -42.81| -46.91| -47.29| -49.74| -45.57| -44.86| -41.76| -44.68| -43.53 | -45.541
Standard Error (dB) 10.869 1.222 0.807 0.881 2.075 0.445 0.507 0.757 0.811 0.666 0.972 0.748| 0.810 0.872
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Table 10. Survey lines displaying possible fish concentrations with verification status.

Date
16 Sep. 2010

22 Aug. 2011

19 Sep. 2011

03 Oct. 2011

22 Nov. 2011

25 - 26 Jan. 2012

19 - 20 Mar. 2012

31 May 2012

Lines
T4a, T4b, T4c
T6a
T4i, T4j

G1T5-T8
G1 X1 & X2
G2 X1 & X2
G3 Y1

G1 X1 &X2
G2 X1

G2 X1 & X2
G3T7

G3 X1 & X2
G4 T4

G4 T5
G4T6-T8

G1 X1 &X2
G3 X2
G4T6-T8
G4T0-T8
G4 X1

G177

G1Y1
G2T1-T7
G6T1-T7
G6 Y1

G7 Y1
G8T6-T8
G10TO

G1Y1

G2 T1

G4T7-T8
G4T7-T8
G6TO-T8
G8T4-T8
G12T2-T4

G1TO
G1X2
G3 X2
G5T4-T7

No.
Lines

3
1
2

W O NN a W s NN - 0 W =N W A AN 2N 4NN A

N

Top

m
12
35
20

15
10
12
12

15
20
30
10
17
12
15
15

60
15
7
35
70

33

45
25
25
32
34
14
30

32
17
4
17
10
38
20

40
55
45
27

Bot
m

20
50
30

25
28
20
21

28
30
55
40
28
24
25
25

100
30
15
47
92

42

55
55
50
38
38
22
47

38
27
12
30
45
53
50

48
92
63
52

Verified

Y
N
N

<< <=<zZzZ << <z < <

Z2Z v < <X<2ZZzZ Z2 < zZzzZ2Z2 Z z zZ Z2 < < Z

Zz2 Zz2 Z <

Comments

Fish15t0 20 m
Turbine superstructure

Strong fish schools at excellent SNR
Some fish but spoke noise quite strong
Strong fish schools at good SNR

Reliably detected fish on X1 only!
May be real but not absolutely certain
Probably not real

Very high noise

Strong layer of fish good SNR
Strong layer of fish present
Strong layer of fish

Noise

Fish present - noise high - probably real
Probably real but bubble noise high
Noise

Noise

Spoke noise

Mostly spoke noise

Some fish 15 - 20 m odd profiles
Spoke noise

Plumes, noise at range

Plumes, noise at range, some fish
Noisy but there, T7 best

Spoke and other noise

Only noise

Surface connected plume under ship
Weak echoes, good SNR, prob. real
Large number weak echoes, good SNR
May be fish - could be spoke noise
Spoke noise

T2 esp. plumes, maybe some fish

Intense compact schools near bottom
Very noisy esp. "spoke noise"

Very noisy

Spoke noise & detached plumes deep
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25-26 Jun. 2012

G1T0-T8
G1X1
G1 X2
G1 X2
G2T1
G3 Y1

G4 T2 esp.

G4TO-T6

G5T1-T8
G6TO-T8
esp. T3

G7T1-T6
Go9T4-T7
G9 Y1

0 ~N = —~ A A o ©

- h O ©

25
20
20
85
10
40
15
30
28

18
10
35
45

56
55
55
99
30
42
30
55
40

32
25
52
49

ZZ<<X< XKZ2zZzzzZz<<<

G1T4 cluster ~ 30m fairly noisy
Individual echoes & schools
Individual echoes & schools

Noise

Deep penetrating plume event
Reality of fish layer not obvious
Mainly plumes above 30 m

Spoke noise mainly, occasional fish
Intense layers of fish above 40 m

Intense layers of fish above 35 m
Fish layer verified to move to surface

Some fish 10 -13 m but not near bottom

Peak is spurious
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Table 11. Verified fish layers with roughly estimated contribution to total backscatter.

Date

16 Sep. 2010

22 Aug. 2011

19 Sep. 2011

03 Oct. 2011

25 - 26 Jan. 2012

19 - 20 Mar. 2012

31 May 2012

25 -26 Jun. 2012

Lines No.
T4a, T4b,
T4c 3

G1T5-T8 4
G1X1&X2 2
G3 Y1

G1 X1

G2 X1

G3 X1 & X2
G4 T4

G4 T5
G4T6-T8

W = A N

G3 X2
G4T6-T8 3

RN

G8T6-T8 3

G4T7-T8 2
G4T7-T8 2

G1T0 1

G1T0-T8
G1X1
G1X2
G5T1-T8
G6TO-T8
G7T1-T6

D © 00 =~ =~ ©

Top
m

12

15
10
12

15
20
17
12
15
15

15
7

14

40

25
20
20
28
18
10

Bot
m

20

25
28
21

28
30
28
24
25
25

30
15

22

12
30

48

56
55
55
40
32
25

Peak
(e-07)

4.6

0.9
0.5
1.2

1.2
0.6
2.1
11
1.6
0.6

0.6
2.8

0.5

0.3
0.4

2.2

1.4
0.6
0.3
10.6
5.5
6.4

Ave.
(e-07)

3.5

0.6
0.3
0.8

0.8
0.4
1.4
0.8
0.8
0.4

0.4
2.0

0.4

0.2
0.3

1.2

0.5
0.5
0.2
6.0
3.8
4.7

Int. Av
(e-07)

28.0

6.0
5.4
7.2

10.4
4.0
15.4
9.6
8.0
4.0

6.0
16.0

3.2

1.6
3.9

9.6

15.5
17.5
7.0
72.0
53.2
70.5

Int. Av. x No. Lines
(e-07)
84.0

24.0

9.6
8.0
12.0
48.0

9.6

3.2
7.8

9.6

139.5

576.0

478.8
423.0

Total
Lines

25

36

36

36

83

104

45

Sum/Total Lines
(e-07)

3.36

0.67

0.82

1.33

0.12

0.11

0.21

20.22

Tide
Deg.

74.2

104.4
131.9
249.3

130.2
180.8
281.5
321.3
327.7
336.8

240.5
322.9

1741

193.9
193.9

348.7

49.7
82.3
100.0
5.7
46.0
92.1

Sun
Deg.

29.7

41.9
49.6
454

30.5
42.8
39.3
26.4
243
21.2

39.6
21.3

4.6

171
171

35.9

13.3
24.8
31.2
30.6
16.2
1.1
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Figure 1. Minas Passage bathymetry with detail of original survey grid and location of
OpenHydro tidal turbine.
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Figure 2. The Huntsman Marine Science Centre R/V FUNDY SPRAY approaching the wharf in
Parrsboro Nova Scotia.
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Figure 3. Boom-mounted acoustic transducer package attended by DFO Research Scientist G.
Melvin. The orange unit at top is the 120 kHz Simrad EK60 split-beam transducer. Immediately
below it lies the 200 kHz Kongsberg-Mesotech MS 2000 narrow beam, linear transmit
transducer. Near bottom is the circular arc MS 2000 receive transducer.
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