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Executive Summary

The horizontal and vertical extent of nearshore macrophyte beds in the three
contaminated zones of the Cornwall Area of Concern (AOC) were mapped in support of the
Cornwall Sediment Strategy (CSS) and associated long term monitoring objectives. Macrophyte
beds are thought to be a key physical characteristic of the CSS zones that may influence
sediment accumulation and resuspension, and that contribute to spatially-distinct sediment
contamination patterns and their rates of recovery to target levels.

Hydroacoustic surveys of Zones 1, 2, and 3 took place during peak macrophyte growth in
late summer (September 2019) and were repeated again in late fall (November 2019).
Interpretation of hydroacoustic data revealed that the macrophyte distribution and plant height
were substantially greater in September compared to November, and peaked at depths of 2-4 m.
Proportional macrophyte coverage was greatest in Zone 3, followed by Zone 1, Zone 2W, and
Zone 2E.

Concurrent surveys using an unmanned aerial vehicle (UAV) captured high-resolution
imagery of the three CSS zones, which was used to calibrate and cross-validate the
hydroacoustic data. Interpolated surfaces of macrophyte distributions and plant height matched
relatively well with UAV imagery and field observations taken during acoustic surveys. The
combined use of a small boat hydroacoustic platform and UAV represents a novel approach to
mapping and monitoring nearshore macrophyte distributions, and shows much potential for
future research.

Overall, the study revealed that macrophyte beds are major physical features in all CSS
zones. Data generated by this study will be a key element in the development of a sediment
transport model for the CSS, and will contribute to the ongoing development of a Conceptual
Site Model (CSM) for the Cornwall AOC.
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INTRODUCTION

The St. Lawrence River (Cornwall) Area of Concern (AOC) contains sediments that, in
some areas along the Cornwall waterfront, are contaminated by mercury, lead and other trace
metals, PAHs and other organic contaminants. The Cornwall Sediment Strategy (CSS) was put
in place in 2005 to allow natural processes to cover these sediments and gradually isolate them
from the water column. This strategy, termed monitored natural recovery (MoNR), also employs
Administrative Controls combined with long term monitoring of the sediment conditions. An
Administrative Controls Protocol was established to ensure a common administrative and
communications approach by all waterfront permitting agencies to minimize the potential for
sediments to be disturbed, exposed or re-suspended. A series of recent studies by the St.
Lawrence River Institute of Environmental Sciences have helped to characterize the spatial
extent and concentrations of mercury and other contaminants in nearshore sediments and fish of
the CSS contaminated zones (Lapointe and Ridal, 2019; Moir et al., 2018; Razavi et al., 2015;
Windle et al., 2014; Windle and Ridal, 2016).

In 2016, Environment and Climate Change Canada (ECCC) together with the Ministry of
the Environment, Conservation and Forestry (MECP) and local partners undertook a review of
the CSS and assess it against best management practices for MoNR developed over the past
decade. This review resulted in establishing a Conceptual Site Model (CSM) and associated
long term monitoring plan (LTMP) to better assess the effectiveness of the CSS in meeting
specific objectives, goals and targets (Ramboll 2017a, 2017b).

Primary goals were set for Hg concentrations in nearshore and offshore surface
sediments, invertebrate tissues, catchbasin sediments within the Cornwall combined and storm
sewer system, and young-of-the-year (YOY) or forage fish. Secondary goals were set for
sediment concentration trends with sediment depth, and sediment integrity including
susceptibility to sediment resuspension. In addition, a variety of tools are anticipated to be
developed to characterize sediment integrity. Associated with this is the need to improve the
physical characterization of factors within the CSS zones that may influence sediment
accumulation, resuspension and transport (e.g. sediment consistency, current speeds and profiles)
that contribute to spatially-distinct sediment contamination patterns and their rates of recovery to

target levels.



Macrophyte beds are common features in nearshore areas of the CSS zones and its
extensive seasonal growth affects the transport of sediment bedload as well as suspended
sediments, and therefore likely influences sediment deposition patterns and sediment integrity
within the CSS zones. Overall, it is expected that macrophyte coverage patterns influence the
long term, geo-specific recovery of the contaminated sediments.

In addition, as macrophyte coverage attenuates the flow of water within the CSS zones
and therefore affects the transport of sediments, it represents a significant data need in the long

term goal of modelling sediment transport in the CSS zones.

Scope of Work

The RI was engaged by ECCC to determine the extent and height of macrophytes in the
CSS zones at point of maximum coverage in August/September and then in late fall in 2019.

Specific tasks were to:

1 Measure macrophyte seasonal coverage (Summer and Late Fall) by hydroacoustic and
unmanned aerial vehicle (UAV) surveys

1 Generate macrophyte coverage maps that further characterises CSS zones and sediment
bottom characteristics;

1 Prepare interim and final reports; present results to the WQWG and CSS Committees

1 Update the CSS geo-referenced chemistry database in support of the CSS LTMP



METHODS

This study combined hydroacoustic surveys with imagery from an unmanned aerial
vehicle (UAV) to map the distribution and height of macrophyte beds in the three contaminated
zones of the Cornwall AOC (Figure 1).

Survey techniques

Aerial surveys utilized a DJI Phantom 4 Pro quadcopter and Al flight-planning software
to collect high-resolution imagery of the three contaminated zones. Surveys took place near the
peak of macrophyte abundance on September 19, 2019 (Zones 1 and 3) and on September 25,
2019 (Zone 2). Using flight-planning software, the UAV was flown along parallel transects at an
altitude of 70 m, and collected overlapping images at regular intervals along transects to ensure
coverage of each zone (see Appendices A for example of overlapping images). Collective
imagery from each survey was processed using ESRI’s Drone2Map software (v. 2.1.0) and
stitched together into a single orthomosaic image for each zone. This high resolution imagery
was subsequently used to calibrate and cross-validate modelling of acoustic survey data for
macrophyte distributions.

Hydroacoustic data was collected using a Lowrance HDS9 Gen2 Touch ecosounder. The
transducer was mounted to the stern a 6.4 m jon boat, approximately 30 cm below water surface.
Boat surveys took place concurrently with UAV surveys during late summer on September 19,
2019 (Zones 1 and 3) and September 25, 2019 (Zone 2), and again on November 26, 2019.
Acoustic data was recorded using a 200 kHz transducer frequency, with corresponding
geographic coordinate data recorded by an internal GPS in the Lowrance unit. Both GPS and
acoustic signals were logged to data storage cards in sl2 format for subsequent export and
processing. Underwater video and images were recorded periodically along boat transects using
a GoPro Hero 5. Additionally, the presence, species and estimated height of macrophytes were
recorded at random waypoints along transects to verify the acoustic signal. Average boat speed
for all surveys was approximately 5 km/hr. Transducer frequency settings and survey transect

design followed recommended settings to optimize aquatic vegetation mapping (Navico, 2019).
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Survey analysis procedures

Acoustic recordings from each survey were uploaded to BioBase, a cloud-based signal-
processing platform (Navico, 2019), to interpret and generate outputs for macrophyte distribute
and plant height. BioBase software has been evaluated and recommended in previous studies as
a processing tool to enable acoustic mapping of macrophyte distributions (Helminen et al., 2019;
Radomski & Holbrook, 2015; Torso et al., 2020). Acoustic signals were offset by 30 cm prior to
processing to account for transducer depth. Quality control conducted by the software included
the removal of acoustic pings that did not result in extracted features, and the assigning of zero
height to plants that were less than 5% of the depth at a given location to minimize false
detections by bottom detritus or debris. The software interprets the signal strength of recorded
acoustic pings, and generates corresponding point data that contain GPS coordinates and
associated depth, plant height, and bottom hardness for that location. The software also
interpolates a surface using a kriging algorithm to predict values between transects. A grid of
points can be extracted from this interpolated surface to represent predicted values across a larger
area (i.e. one point corresponding to each grid cell). These outputs were subsequently imported
into a geographic information system (ESRI ArcGIS Pro, v. 2.4) for further processing.

UAYV imagery and BioBase acoustic outputs were combined in a GIS and processed
through a series of steps to create estimated distributions of macrophyte beds for the three zones
of contamination. The overall objective was to take the output of grid points from BioBase that
represented estimated plant heights, and create an interpolated raster surface of plant height for
each zone that was cross-validated and corrected using UAV imagery. As an initial calibration
exercise, UAV imagery for each zone was visually assessed and categorized as either vegetated
or non-vegetated. This categorization was limited to depths where vegetation was visible,
generally 3 m or shallower. Polygons were created to represent riverbed areas with no
vegetation. Next, the BioBase grid of points representing estimated plant height from a
hydroacoustic survey was overlaid on polygons representing no vegetation (see Appendix C for
example). Grid points intersecting non-vegetated polygons were given values of zero plant
height. Additionally, grid points with plant heights less than 5% of the total water depth were
given values of zero. Grid points were then interpolated in ArcGIS Pro using a spline function

with tension to preserve all values. The interpolated surface of plant height for each zone was
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symbolized into five classes representing no plants (plant heights less than 1 cm), <0.5m, <1
m,<2m,and <4 m.

The final step of the process involved cross-validating the spline-interpolated surface of
plant heights with UAV imagery. Predicted horizontal distributions of macrophyte beds in each
zone were visually assessed through overlay with UAV imagery. Predicted plant heights were
compared against field measurements taken during the acoustic boat surveys. Acoustic
measurements of plant heights along survey transects were plotted against depth to examine
trends and to determine the extent of the photic zone. Overall results are discussed.

RESULTS AND DISCUSSION

UAV and Hydroacoustic Surveys

UAV surveys collected a total of 309 high-resolution images of Zone 1, 120 images of
Zone 3, and 567 images of Zone 2 (Figures 2-4). Flights took place during sunny, calm weather
conditions and between the hours of 8 am to 10 am to maximize underwater visibility and to
minimize distortion from surface waves and sun reflectance. Orthomosaic images produced by
Drone2Map software did not incorporate offshore portions of UAV surveys for all zones.
Images that include featureless, shifting water surfaces are often difficult to stitch together by
image processing software, and these conditions likely account for the missing sections of the
orthomosaics. Underwater features shallower than 3 m were clearly visible in the high-
resolution UAV imagery, including bare patches of riverbed, longitudinal bands of macrophytes
that paralleled the shoreline, private and public docs, rock berms, and even abandoned discharge
pipes adjacent to the former Courtaulds industrial property along Zone 2. Visibility rapidly
declined beyond 3 m depth due to turbidity, which was likely caused by algae and sediments.

Hydroacoustic survey transects were conducted using a zigzag pattern perpendicular to
shore to ensure complete coverage of the range of depths in each zone (Figures 5-7). Transects
were spaced approximately 20-50 m apart and covered a range of depths from 0.5 m to 10 m.
Boat crews recorded visual observations while conducting acoustic surveys, including notes on
species occurrences, plant height relative to total depth, and water current patterns. Macrophytes
were generally absent at depths from 0-0.5 m although this varied depending on the wave energy

of the nearshore zone. Some slackwater areas of Zones 1 and 2 were observed to have significant

12



vegetation coverage of very shallow depths. Macrophyte beds from 1-4 m were dominated by
Eurasian milfoil (Myriophyllum spicatum), and were interspersed by tape grass (Vallisneria
Americana), coontail (Ceratophyllum demersum), and common waterweed (Elodea canadensis).
Underwater video collected along transects revealed that tape grass became more dominant at
deeper depths. Video also revealed that plant height was likely underestimated by acoustic
surveys in areas with stronger water velocities, as taller macrophytes were observed to be pushed
down by the current. These observations were used to validate interpolated acoustic signal of

macrophyte distributions and plant heights.

Macrophyte Extent and Seasonality within CSS Zones

Interpolated outputs from acoustic surveys of the three contaminated zones generally
revealed similar spatial and temporal trends. Macrophyte beds covered a much greater spatial
extent and had higher average plant height in September compared to late November (Figures 8-
11). Macrophyte extent was greatest at depths of 1-6 m in September, and at depths of 1-4 m in
November. Macrophytes covered the majority of the shallow western shelf of Zone 1 in both
seasons (Figure 8), as revealed by both acoustic and UAV surveys. The relatively shallow Zone
3 had significant macrophyte coverage from 0.5-6 m in September, which declined substantially
in both extent and plant height by late November (Figure 9). The relatively steep gradient of
Zone 2W resulted in a narrower band of macrophytes compared to Zone 2E, where a shallow
slope and significant nearshore wave energy resulted in extensive non-vegetated areas at depths
less than 2 m (Figures 10-11).

Plant heights in both seasons reached peak values at depths of 2-4 m (Figure 12).
Average plant heights from 8-10 m depth in both seasons was negligible, suggesting a lack of
macrophyte cover at depths beyond 8 m. However, it is possible that shorter macrophytes were
missed at these deeper depths due to the BioBase threshold of assigning a height of zero for
plants less than 5% of the depth. For example, it would be possible for macrophytes with a
height of 40 cm or less to be overlooked at depths of 8 m or greater. This trend is visible in
Figure 12, which shows an increasing gap between non-zero plant height values and depth. To
verify whether macrophyte beds are indeed negligible beyond 8 m depth, it is recommended that
an underwater camera be deployed at this depth to record the bottom conditions (e.g. Aqua-vu

camera).
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UAV vs Sonar Results (QA/QC)

Predicted macrophyte coverage from interpolated acoustic signals generally corresponded
well with visible cover in UAV imagery. The kriged output from BioBase did result in some
inaccuracies in terms of predicting macrophyte presence where the UAV imagery revealed none.
Cross-validation revealed more consistent results between UAV and acoustic data when larger
areas of non-vegetated shoreline were present, e.g. Zone 2E (Figure 13). Macrophyte height
values tended to be lower than expected when interpolating between transects, which was likely
a result of the distance-decay function of the kriging algorithm used by BioBase software. It is
important to note that all field observations of macrophyte distributions matched interpolated

predictions at the same locations.

Limitations of the Study

Previous studies have found that BioBase can overestimate vegetation heights in
shallower depths, and that height estimates appear to be the most accurate at when vegetation is
25% and 75% of the water column (Helminen et al., 2019; Radomski & Holbrook, 2015). These
limitations should be taken into account when interpreting BioBase predicted values of
macrophyte extents in the CSS zones. It is possible that macrophyte distributions extend to
deeper depths beyond those predicted by BioBase interpolations, given that the software is
designed to reduce false detections. Overall, the interpolated surfaces of macrophyte distribution
and height were reasonably well matched with available UAV imagery, demonstrating the utility
of these rapid, efficient and low-cost technologies for future studies of the CSS.

A key limitation of this study was that the timing of the late November acoustic survey
was likely too early to detect minimum horizontal and vertical macrophyte bed coverage of the
CSS zones. While reduced compared to distributions observed in September, macrophytes in
November had not fully deteriorated and were still relatively robust and abundant. It is
recommended that additional acoustic surveys be conducted in early spring to capture a more

accurate representation of minimal macrophyte coverage in the CSS zones.
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CONCLUSIONS

Macrophyte beds are found in all CSS zones and are major features of the nearshore area.
The extent varies in the three zones depending on bathymetry features and appears to be most
consistent at depths of 2-4 m. Zone 3 was found to have the greatest proportional coverage of
macrophytes based on its relatively shallow bathymetry, followed by Zone 1, Zone 2W, and
Zone 2E. It is likely that macrophyte beds act to retain sediments and modify their transport in
nearshore areas and impact the transport of shoreline inputs into the zones from municipal drains
and tributaries, most notable Rotary Creek that flows into Zone 1.

The data developed in this study provides a baseline for comparison with future
monitoring results under the Long Term Sediment Monitoring Strategy (LTSMS), as well as
with the surveys from the offshore sites. It is anticipated that macrophyte bed coverage and plant
height data generated by this study will be key elements in the development of a sediment
transport model, and will contribute to the ongoing development of a Conceptual Site Model for
the Cornwall AOC.
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Figure 1. Study area showing the three zones of contaminated sediment deposition in the
Cornwall Area of Concern (AOC).
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Figure 2. Flight path (orange line) and centres of 309 images (blue dots) from an unmanned
aerial vehicle (UAV) survey of Zone 1 on September 19, 2019 (A). The orthomosaic image
produced from stitching these images is shown in the background. A closer view of the
orthomosaic image is shown in the lower panel (B).
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Figure 3. Flight path (orangline) and centres of 120 images (bluedots) from an unmanned
aerial vehicle (UAV) survey of Zone 3 on September 19, 2019 (A). The orthomosaic image
produced from stitching these images is shown in the background. A closer view of the

orthomosaic image is shown in the lower panel (B).
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aerial vehicle (UAV) survey of Zone 2 on September 25, 2019 (A). A closer view of the
orthomosaic image is shown in the lower panel (B).
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Figure 5. Boat track of acoustic surveys of Zone 1 on September 19, 2019 (A) and November 26,
2019 (B). Depth contours (2 m) are shown.
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Figure 6. Boat track of acoustic surveys of Zone 3 on September 19, 2019 (A) and November 26,
2019 (B). Depth contours (2 m) are shown.
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Figure 7. Boat track of acoustic surveys of Zone 2 on September 25, 2019 (A) and November 26,
2019 (B). Depth contours (2 m) are shown.
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Figure 8. Interpolated aquatic plant height from acoustic surveys of Zone 1 on September 19,
2019 (A) and November 26, 2019 (B). Depth contours (2 m) are shown.
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Figure 9. Interpolated aquatic plant height from acoustic surveys of Zone 3 on September 19,
2019 (A) and November 26, 2019 (B). Depth contours (2 m) are shown.
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Figure 10. Interpolated aquatic plant height from acoustic surveys of Zone 2 on September 25,
2019 (A) and November 26, 2019 (B). Depth contours (2 m) are shown.

26



U y

September 19, 2019
Plant Height (m)
1]
<05
<]

<2

<4

200 Meters

November 26, 2019
Plant Height (m)
)
B <05
<1

<2

<4

0 200 Meters
S ——

Figure 11. Interpolated aquatic plant height from acoustic surveys of Zone 2W on September 25,
2019 (A) and November 26, 2019 (B). Depth contours (2 m) are shown.
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APPENDIX A — Example of overlapping images along a UAV survey transect of Zone 2.

Figure Al. Example of high resolution imagery captured using an unmanned aerial vehicle (DJI
Phantom 4 Pro) flying at an altitude of 70 m over Zone 2. Overlapping images such as the sequence
shown in panels A-D were stitched together using DJI’s Drone2Map software to create a single
orthomosaic image of Zone 2. Macrophyte beds of Eurasian milfoil (Myriophyllum spicatum) are
clearly visible in the images, as well as bare patches of riverbed close to shore. Underwater visibility is
obscured beyond 3 m depth due to turbidity caused by algae and sediments.
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Figure B1. Example of output from BioBase software, showing a grid opoints extracted from a kriged
interpolation of plant heights measured by acoustic surveys in Zone 3 on September 19, 2019 (A). A
closer view shows areas of non-vegetation highlighted in red on UAV imagery captured on the same

date. Using GIS tools, all grid points intersecting with non-vegetated areas were assigned values of zero
plant height.
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