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1 CONTEXT

The Boat Harbour Effluent Treatment Facility (BHETF) became operational in 1967 and has been the primary
processing system for effluent from the Kraft Pulp Mill.

The main components of the BHETF include: the wastewater effluent pipeline (over 3 km in length) that runs from
the Kraft Pulp Mill and extends eastward, below the East River of Pictou (East River), to the BHETF property; twin
settling basins and an Aeration Stabilization Basin (ASB) west-southwest of Boat Harbour; and the stabilization
lagoon (Boat Harbour). Effluent from Boat Harbour discharges through a dam (northeast of Boat Harbour) into an
estuary before being released to the Northumberland Strait. Prior to the construction of the twin settling basins and
ASB, effluent was routed by open ditch from the pipeline on the east side of Highway 348 to a natural wetland area
(Former Ponds 1, 2, and 3) before being discharged into the stabilization lagoon.

Over the operational period of the mill, many concerns have arisen for human and environmental safety. As a result
of these concerns, remedial plans have been initiated. Prior to the treatment planned for the remediation, baseline
conditions of the BHETF and the surrounding area, including habitat (substrate, presence/absence of aquatic
vegetation) as well as macrobenthos and fish presence, are required to assess how remedial activities could impact
the surrounding population and natural environment.

In this context, GHD retained WSP Canada Inc. (WSP) to conduct the key marine studies and assessments required
as a complement to the Boat Harbour Rehabilitation Project (BHRP or Project).

This report presents a first assessment, to define an overall picture of benthic habitat characterization before any
work intervention on the pipeline.

1.1 OBJECTIVE

The main objective of this characterization is to describe marine habitats as well as the benthic community structure,
density, diversity and species richness. Data collected during the 2017 field survey was used as a baseline to assess
habitat recolonization following any intervention.

BOAT HARBOUR REMEDIATION PLANNING AND DESIGN PROJECT WSP
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2 STUDY AREA

For the present project, the study area was limited to the pipeline section, which is about 1200 m long in the
Northumberland Strait and oriented on an east-west axis. The surveys covered about 100 m on both sides of the

pipeline. The study area is presented on Map 1.
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3 METHODS

3.1 BATHYMETRIC SURVEY

A bathymetric survey was performed on November 8, 2017, by a technician and a coastal engineer using a GPS-
RTK, and, since the water depth on the site was generally shallow, a singlebeam echo sounder (5 cm precision). The
data were georeferenced with a benchmark installed at the Boat Harbour prior to WSP’s field campaign. All
elevations are relative to the geodetic datum (CGVD2013). The area covered for this survey is about 100 m wide on
each side of the pipeline axis. Bathymetric sampling has been completed following a 20 m spacing between survey
lines (Map 2).

3.2 HABITAT CHARACTERIZATION

In order to get a complete description of the marine habitat present on the pipeline area, underwater video surveys
were conducted on November 8, 2017, by a biologist and a professional diver. Two different techniques were used,
which are transects and quadrats over the pipeline axis. The images were recorded on about 100 m wide on each side
of the pipeline axis using an Axsub camera (model AxSee 57) fitted on a telescopic pole.

The video sequences were viewed by a specialist skilled for the identification of benthic invertebrates. For each
sequence (transect or quadrat), the number of organisms (macrofauna and macroflora) was determined and a
percentage cover was attributed to each class of substrate present (according to the grain size description table
presented at Appendix A).

In addition to the underwater surveys, conductivity, temperature, and turbidity (CTD-Tu) profiling was conducted
using a CTD-Tu probe (model RBR concerto). These profiles provide salinity, temperature and turbidity relative to
depth through the water column. CTD cast were performed at two stations, at low and high tide (Map 2).

3.2.1 QUADRAT SAMPLING

Prior to the field campaign, nine stations were positioned on the pipeline section (B1 to B9, Map 3). A handheld
GPS (Garmin 78S) was used to position the boat on these locations, which was then anchored to allow the capture of
still images. A 50 x 50 cm metal quadrat was dropped on the sea bottom and a video sequence was recorded.

Since the field surveys were done at high tide, the intertidal zone was only accessible by boat. Therefore, this area
was characterized using the same technique on four more quadrats that were added closer to the shore (Q1 to Q4).
Their geographic locations were acquired with a GPS and are presented on Map 3.

3.2.2 TRANSECTS

The first transects were recorded over the course of the pipeline from the eastern shore towards the west. However,
on the day of sampling strong winds were blowing towards an opposite direction, making it difficult to maintain a
straight trajectory at a speed slow enough to allow the identification of organisms on the images. Therefore, for the
areas that were more exposed to the wind, transects were filmed over each of the quadrats on a perpendicular
trajectory of the pipeline. During each sequence, a GPS was used to track the course of the boat and of the recorded
area.

Approximately 1900 m of video (14 transects, length at Table 2) was recorded to characterize the seabed.
Transects 1 to 7 were completed along the pipeline axis, whereas transects 8 to 14 were localized perpendicularly to
the structure to ensure a good coverage of the habitat.

WSP BOAT HARBOUR REMEDIATION PLANNING AND DESIGN PROJECT
March 2018 Project No. 171-10478-00
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3.3 BENTHIC SAMPLING

Sediments were collected using a Ponar grab sampler (231.04 cm?) for three composite samples at each of the nine
stations (B01 to B09). The samples were sieved to obtain a 1 mm mesh size and preserved in formaldehyde until
their analysis and the identification of the organisms at the genus level. Identification were performed by
Laboratoire SAB inc. Identification was done to the lowest taxonomic level possible and an electronic database was
then provided by the laboratory. Data were converted into density (abundance per m?) for subsequent analyses.

3.4 DATAANALYSIS

Diversity indices were calculated for the purpose of comparing the diversity between the different stations. The
values obtained for each sample are presented in Table 3. The lab results were treated with Primer-E7 software
(Clarkes and Gorley, 2015) to calculate indices using the following formulas:

Simpson’s Diversity Index:

D=1- i(p;)z
i=1

Where: D = Simpson’s Diversity Index
S = Total number of taxa at the station
pi = Proportion of a given taxon at the station

The values of this index are between 0 and 1, where 1 indicates the maximum diversity.

Pielou’s evenness index, which is a measure of the relative abundance of the different taxa:
J'= = @ * (Log)p)/LogS

Where: J’ = Pielou’s Evenness Index
S = Total number of taxa at the station
pi = Proportion of a given taxon at the station

The values of this index are between 0 and 1, where 0 indicates that a single taxon is present for a given sample
and 1 indicates that all taxa in a sample are equally abundant.

3.5 SUBSTRATE PARTICLE SIZE

As for sampling done for the benthic organism analysis, sediment was collected with the Ponar grab at each of the
nine stations along the pipeline axis for a particle size analysis. The sediments collected were analyzed at the
Laboratoire de Géomorphologie et de Sédimentologie of Laval University. The material was first dried in a heat
chamber for more than 12 hours and then dry weighed. The samples were sieved for a period of 10 minutes to
ensure that all the aggregates were separated. A visual verification was then made using a binocular magnifier to
confirm that the coarser particles were not aggregates. The fine fraction was finally measured using a Horiba laser
granulometer.

BOAT HARBOUR REMEDIATION PLANNING AND DESIGN PROJECT WSP
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4 RESULTS

4.1 BATHYMETRIC SURVEY

The data recorded during the bathymetric surveys allowed the production of the isobaths presented on Map 3
(elevation relative to CGVD2013 datum). The water depth is generally shallow and the slope from the shore towards
the middle of the channel is moderate. The deepest section of the pipeline axis reaches about 8 m and is located
slightly to the west of its center; it corresponds to the navigation channel of the East River of Pictou.

4.2 HABITAT CHARACTERIZATION

The description of the marine habitat of the pipeline section was based on the analysis of the type of substrate

present. A first qualitative substrate characterization was done by image analysis. The images recorded on the

quadrats and transects showed that the habitat is overall quite similar for the whole site and seems to generally
consists of sand/silt with lesser amount of gravel, cobble and pebble.

Four quadrats located on the shallow area near the shore (B6, B7, Q1 and Q3) also had an important cover of seaweed
debris, while quadrat Q2 was covered at 90% with shell debris. Gravel was found in low abundance on six transects
located mostly closer to the shore while coarser substrate (cobble and boulder) was scarcely seen on transects 1, 3 and 6.

Tablel Type of Substrate Present on Quadrats and Transects Characterized along the Pipeline Axis
(Qualitative Characterization (Cover %))

Stations Algae | Silt/Sand  Gravel Pebble Cobble | Boulder Shells
{
|
|
|
o |
E
2 B7 60 40
& B8 20 80
B9 20 70 10
Q1 80 20
Q2 10 90
Q3 90 10
Q4 20 10 30 20 10 10
1 15 30 10 5 10 30
- 2 10 70 10 10
2
g 6 10 60 10 1 19
3 7 10 60 20 10
8 8 10 50 20 20
Fl < 9 10 70 20
3
2
Z
Water Depth (m)

WSP BOAT HARBOUR REMEDIATION PLANNING AND DESIGN PROJECT
March 2018 Project No. 171-10478-00
Page | 8 NOVA SCOTIA LAND INC.



More precisely, granulometric analysis was completed on seven stations (B1 to B7) to define substrate type among
the habitat.

The results of the particle size analysis show that sediments are mainly composed of silt (3.9 — 62.5 um) with an
average proportion of 85.2%. Since no clay was found, the remaining fraction, which accounts for 14.8%, represents
coarser substrate. For most of the samples, this fraction only counts very fine and fine sand. While, the medium sand
to the very fine gravel accounts for 20.3% for sample B7, the medium gravel that was found in sample B6 accounts
for 6%. Those two facts explain the distance between samples B6 and B7 from the rest of the samples on Figure 1.
Results details (analysis certificates) are present in Appendix B.
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Figure 1 Cumulative Percentage of the Particle Size for WSP Samples Collected on the Pipeline

Also, CTD profiling was completed near the pipeline to characterize the water masses dynamic (Figure 2). At
station CTD-05, close to the pipeline, the water depth was 3.5 m, whereas station CTD-04 was deeper with 9 m. The
data logged with the probe produced very similar profiles for both stations at a same tidal stage. A slight thermocline
is seen at around 1 m deep at low tide only. For data collected at high tide, the temperature is very stable and ranges
between 10.5 and 11.5 °C. At the time when the profiles were recorded, the salinity was relatively high (between

23 and 28 PSU). The effect of the fresh water intake of the surrounding rivers was more important for

station CTD 05 but was still mild. Therefore, the habitat present on the pipeline area seems to remain with unaltered
marine conditions at every tidal stages for this period of the year.

BOAT HARBOUR REMEDIATION PLANNING AND DESIGN PROJECT WSP
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4.3 EPIBENTHIC COMMUNITY SURVEY

4.3.1 FLORA

The algae seen on the images recorded are part of the Fucus genus and could not be identified at the species level.
They represented 10 to 20% of the cover for most of the transects and were more abundant on the sections where the
substrate was coarser (pebbles and cobbles).

4.3.2 FAUNA

For the 13 quadrats characterized, no benthic organisms were observed on the images recorded.

For the 14 video transects, only six species have been identified (Table 2). The mussels were the most common
taxon but could not be identified on the images to a more precise level than the family. Clams were also observed at
several sites but were less common than mussels. For the two arthropods species seen, the Cancer irroratus
(Atlantic rock crab) was present on all transects while the Pagurus sp. (hermit crab) was seen on 6 out of the

14 transects. Overall, around 90 specimens were counted along the whole area analyzed. Finally, two other species
of benthic invertebrates were inventoried on the transects, namely Metridium dianthus (plumose anemone) with a
total of 24 specimens and Asterias rubens (common starfish) with 19 specimens.

The distribution of the listed benthic organisms, which are all invertebrates, does not show any relation with the
different depths and positioning on the pipeline axis. The type of substrate was not significantly different from one
transects to another, so the communities found were similar. Only the presence of substrate such as boulders justifies
the distribution of the plumose anemone. This kind of substrate provided a firm surface for attachment of those
sessile organisms (Appendix C).

Neither of the identified species is designated as a threatened or endangered species within the federal and provincial
authorities lists. Finally, no fish were observed during the surveys.

Table 2 Benthic Invertebrate Species Identified on the Images Acquired on the Transects
Class Order Family | Genus | Species VeL”:rf]‘é'ar 1123456/ 7|8|9 10|11[12]13]14
Cancridae | Cancer | C. irroratus At:(a”“"b 15/5(1|5|5/8 /4|7 /4|5/8/2|9]|5
Malacostraca | Decapoda rock cra
Paguridae | Pagurus | Pagurussp. | Hermitcrab | 2 | 1 1 7
Mytilida | Mytilidae sp. Mussel X X| X[ X|X|X|[X[X]|X]|X X | X
Bivalvia
Imparidentia | Mactridae sp. Clam X X | X X X | X
Anthozoa Actiniaria |Metridiidae|Metridium| M. dianthus Plumose 12 10 2
anemone
Asteroidea |Forcipulatida| Asteriidae | Asterias | A.rubens Cs(t);?ﬁrg %n 3 1 1122
X: More than 20 specimens
BOAT HARBOUR REMEDIATION PLANNING AND DESIGN PROJECT WSP
Project No. 171-10478-00 March 2018
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4.4 ENDOBENTHIC COMMUNITY SURVEY

The analysis of the results provided by Laboratoire SAB inc. shows that for most of the stations, the Mollusca
represents the most important phylum (1817 specimens: 64% of relative abundance, Figures 3 and 4) followed by
the Annelida (1018 specimens; 36% of relative abundance) (Figure 4). From 2856 organisms counted, only 20 were
crustaceans (Table 3). Soft bottom sediments are home of many burrowing organisms such as those two taxa
(Mollusca and Annelida).

For the nine stations sampled, the higher densities of organisms were found at stations B1, B5 and B7 with
respectively 896.6, 655.2 and 652.3 organisms/m? (Table 3 and Figure 3). The lower densities were found at
stations B9 and B4 with respectively 112.1 and 237.1 organisms/m?. There is no apparent relation between
endobenthic densities organisms with the different depths and positioning along the pipeline axis (Map 3). The
limited depth range (2-8 m) and similar substrate along the whole pipeline axis may not create habitat variations
important enough to influence the type of organisms present and densities in the collected sediments.

1000
E 800
g
E 600
= _
=
EJJ —_—
£ 400
- —
=]
£ 200 B [ |
: 1111 =
(]
. =
BI B2 B3 B4 BS B6 BT BS B9

Stations

B Mollusca ™ Annelida B Crustacea

Figure 3 Density of Organisms Presented for the Three Principal Phylums Identified at the Nine Stations
Sampled
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Figure 4 Relative Abundance Of The Phylums Identified Within The Endobenthic Organisms Found In The
Sediment Collected On The Pipeline Axis

4.4.1 DIVERSITY INDICES

The total number of taxa identified is similar for each station and varies from 14 to 18. The highest values for the
Simpsons diversity index were obtained at stations B9 and B6 and the lowest at B7 and B5 (Table 3). The results
obtained for Pielou’s index were similar with highest values found at station B9, and lower values at stations B7
and BS.

The analysis of the results shows that the samples with a high density are often composed of one predominant taxon.
This finding is showed for station B7, which has the third highest density (652.3 organisms/m?) and the lowest
diversity indexes values (Pielou: 0.39, Simpson: 0.45). For this station, 74% of the identified organisms are within
only one species, namely Gemma gemma. On the other hand, the station B9, which has the lowest density

(112.1 organisms/m2), obtained the highest values for both diversity indexes (Pielou: 0.84, Simpson: 0.88). The fact
that a number of only 7 taxa represents 91% of the total count of organisms also shows the non-equal distribution of
the different taxa found and the low average value obtained for Pielou’s evenness index (0.62) (Map 4).
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Table 3 Endobenthic Invertebrate Organisms Identified on the Pipeline Stations

Number of organisms

Phylum Family Genus/Species Station
B5 B7
Porifera C C C C C -
Nemertea Heteronemertea 1 1
Mollusca Gastropoda Neogastropoda |Buccinidae Buccinum undatum 1 10 15 2 5 1 34
Calyptraeidae Crepidula fornicata 2 2
Cephalaspidea |Calyptraeidae Retusa obtusa 73 153 7 89 20 26 35 43 15 531
Columbellidae Astyris lunata 8 8
Hydrobiidae Hydrobia acuta 1 1
Hydrobia truncata 1 2 1 6 10
Naticidae Euspira heros 1 1
Bivalvia Venerida Arcticidae Arctica islandica 1 1
Hiatellidae Hiatella arctica 1 1 2
Mactridae Mulinia lateralis 326 51 36 11 240 79 31 25 10 809
Myacidae Mya arenaria 1 2 3 1 7
Nuculanidae (abimé) 1 1
Pharidae Ensis directus 1 1
Tellinidae Macoma calcarea 1 1
Tellina agilis 7 2 10 10 6 7 12 3 4 61
Veneridae Gemma gemma 2 4 2 334 1 343
Yoldiidae Yoldia limatula 1 2 3
Annelida Polychaeta Terrebilida Ampharetidae Sabellides borealis 1 1
Capitellidae Capitellidae (abimé) 2 2
Capitella jonesi 6 2 8
Heteromastus filiformis 1 1
Mediomastus ambiseta 6 1 2 2 11
Cirratulidae Tharyx acutus 23 65 26 9 3 4 4 134
Flabelligeridae Pherusa affinis 1
Nephtyidae 1 1
Nephtys ciliata 2 2 2 6
Nephtys neotena 129 54 114 5 113 41 1 57 16 530
Nephtys caeca 1 1
Nereidae Hediste diversicolor 2 2
Neanthes virens 1 1
Orbiniidae Leitoscoloplos fragilis 19 21 31 1 12 28 20 21 5 158
Pectinaridae Pectinaria granulata 1 1
Pholoidae Pholoe minuta 1 1
Phyllodocidae Eteone flava/longa 5 1 2 8
Eteone lactea 2 10 1 13
Eteone sp. 2 2
Eumida sanguinea 1 1
Spionidae Laonice cirrata 32 2 1 13 31 14 3 2 4 102
Polydora websteri 1 16 3 1 1 22
Polydora aggregata 1 1
Scolelepis squamata 1 1
Strblospio benedicti 1 2 2 1 3 9
Crustacea Amphipoda Ampeliscidae Ampelisca vadorum 2 1 4 1 8
Cumacea Diastylidae Diastylis sculpta 2 1 1 1 1 6
Mysida Mysidae Neomysis americana 1 1 2
Decapoda Crangonidae Crangon septemspinosa 1 1 2 4
Total 624 380 306 165 456 225 454 168 78 2856
N taxons 15 14 15 18 16 18 17 16 18 -
Density (nb org./m?) 896,6 | 546,0 | 439,7 | 237,1 | 655,2 | 3233 | 652,3 | 2414 | 1121 -
Mean density + standard deviation 455,9 +252,6
Simpsons Diversity Index 067 [ 077 [ 0,77 [ 069 [ 0,65 [ 0,81 [ 045 [ 0,78 [ 088 | -
Pielou's Evenness 055 | 067 | 064 | 063 | 053 [ 0,70 | 0,39 | 0,66 | 084 | -
WSP BOAT HARBOUR REMEDIATION PLANNING AND DESIGN PROJECT
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5 CONCLUSION

Characterization of the habitat in the pipeline area was made using a combination of underwater video and
endofauna sampling campaign. Visual observations of the substrate type from the video sequences and the analysis
of the samples collected indicated a predominance of silt and fine sand with lesser amounts of gravel, cobble and
pebble. The presence of algae (Fucus sp.) is scarce and limited to areas with coarser substrate.

Given the absence of bottom structure, due to the predominance of fine sediment, species that thrive in this habitat
are mostly burrowed into the soft sediments. This kind of habitat supports a variety of endofauna that constructs
permanent burrows, such as polychaetes and bivalvia. Most organisms living in this type of habitat are deposit
feeders, feeding on the organic material. Benthic sampling results indicate that the endobenthic community observed
along the pipeline is composed of 48 different taxa of which the most abundant are Mulinia lateralis, Retusa obtuse
and Nephtys neotena, which are respectively within the bivalves, gastropods and polychaetes classes.

Underwater video surveys provided additional information on the epibenthic community. While mussels were the
most common taxon, Atlantic rock crabs were found on every transect and clams on almost half of them.

Cobble and pebble patches observed within the habitat explains the occurrence of sessile organisms (ex.: plumose
anemone) that use hard substrate to fix themselves on the bottom. This kind of habitat was scarce along the pipeline
axis but could represent important protection for fishe or crab species.

None of the identified species are designated as a threatened or endangered within the federal and provincial
authorities’ lists.

BOAT HARBOUR REMEDIATION PLANNING AND DESIGN PROJECT WSP
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Grain Size Classes used for the Description of the Substrate

Grain Size Classes DIETUELE
(mm)
Rock Bedrock
Large block > 1000
Block 250 to 1000
Cobble 80 to 250
Pebble 40 to 80
Gravel 51t0 40
Sand 0.125to 5
Silt 0.125 t0 0.039
Clay <0.0039
Organic matter n/a







Picl

Pic2

Pic3

Pic4

Pic5

Pic6

Pic7

Pic8

Pic9

ANALYST AND DATE:

SIEVING ERROR:

SAMPLE TYPE:

Bimodal, Poorly Sorted

Bimodal, Poorly Sorted

Bimodal, Poorly Sorted

Bimodal, Poorly Sorted

Unimodal, Poorly Sorted

Trimodal, Very Poorly Sorted

Trimodal, Very Poorly Sorted

Unimodal, Poorly Sorted

Bimodal, Poorly Sorted

TEXTURAL GROUP: Sandy Mud Mud Mud Sandy Mud Sandy Mud Gravelly Mud Slightly Gravelly Sandy Mud Slightly Gravelly Sandy Mud Sandy Mud
SEDIMENT NAME: Very Fine Sandy Medium Silt Medium Silt Medium Silt Very Fine Sandy Medium Silt | Very Fine Sandy Medium Silt [ Medium Gravelly Medium Silt | Slightly Very Fine Gravelly Very Fine Sandy Coarse Silt | Slightly Very Fine Gravelly Very Fine Sandy Medium Silt | Very Fine Sandy Medium Silt
METHOD OF MEAN (X,): 32.20 29.10 30.59 42.67 40.66 878.5 189.6 42.79 33.43
MOMENTS SORTING (0,): 51.49 41.05 52.70 80.89 71.39 3264.3 442.1 167.6 44.68
Arithmetic (um) |SKEWNESS (Sk,): 5.816 5.268 11.96 8.645 5.519 3.672 4.814 12.62 4.653
KURTOSIS (K,): 48.60 40.70 234.7 130.6 55.85 14.56 32.01 1745 36.64
METHOD OF MEAN (X,): 19.40 18.79 19.43 22.36 21.47 29.61 44.71 19.41 21.08
MOMENTS SORTING (o) 2.466 2.319 2.338 2.739 2.659 6.115 4,782 2.536 2.409
Geometric (um) |SKEWNESS (Sky): 0.645 0.678 0.648 0.769 0.979 2.383 0.826 1.413 0.634
KURTOSIS (K): 3.577 3.591 3.731 3.359 3.717 8.401 2.672 6.402 3.106
METHOD OF MEAN (X,): 5.688 5.734 5.685 5.483 5.541 5.078 4.483 5.687 5.568
MOMENTS SORTING (0,): 1.302 1.214 1.225 1.453 1.411 2.612 2.258 1.343 1.268
Logarithmic (¢) |SKEWNESS (Sk,): -0.645 -0.678 -0.648 -0.769 -0.979 -2.383 -0.826 -1.413 -0.634
KURTOSIS (K,): 3.577 3.591 3.731 3.359 3.717 8.401 2.672 6.402 3.106
FOLK AND MEAN (Mg): 19.15 18.53 19.18 21.85 20.78 21.42 49.33 18.35 21.05
WARD METHOD |SORTING (03): 2411 2.273 2.293 2.718 2.618 5.085 5.064 2.333 2.417
(nm) SKEWNESS (Skg): 0.185 0.206 0.188 0.303 0.347 0.494 0.462 0.300 0.265
KURTOSIS (Kg): 1.003 1.053 1.015 1.033 1.234 2.586 0.992 1.275 1.012
FOLK AND MEAN (M;): 5.706 5.754 5.704 5.516 5.589 5.545 4.341 5.768 5.570
WARD METHOD |SORTING (o) 1.269 1.185 1.197 1.443 1.388 2.346 2.340 1.222 1.273
) SKEWNESS (Sk;): -0.185 -0.206 -0.188 -0.303 -0.347 -0.494 -0.462 -0.300 -0.265
KURTOSIS (Kg): 1.003 1.053 1.015 1.033 1.234 2.586 0.992 1.275 1.012
FOLK AND MEAN: Coarse Silt Coarse Silt Coarse Silt Coarse Silt Coarse Silt Coarse Silt Very Coarse Silt Coarse Silt Coarse Silt
WARD METHOD [|SORTING: Poorly Sorted Poorly Sorted Poorly Sorted Poorly Sorted Poorly Sorted Very Poorly Sorted Very Poorly Sorted Poorly Sorted Poorly Sorted
(Description) SKEWNESS: Coarse Skewed Coarse Skewed Coarse Skewed Very Coarse Skewed Very Coarse Skewed Very Coarse Skewed Very Coarse Skewed Coarse Skewed Coarse Skewed
KURTOSIS: Mesokurtic Mesokurtic Mesokurtic Mesokurtic Leptokurtic Very Leptokurtic Mesokurtic Leptokurtic Mesokurtic
MODE 1 (um): 14.21 14.21 14.21 14.21 14.21 14.21 16.27 14.21 14.21
MODE 2 (um): 57.24 57.24 57.24 57.24 57.24 57.24 57.24
MODE 3 (um): 13760.0 430.0
MODE 1 (¢): 6.140 6.140 6.140 6.140 6.140 6.140 5.945 6.140 6.140
MODE 2 (¢): 4.134 4.134 4.134 4.134 4,134 4,134 4.134
MODE 3 (¢): -3.763 1.237
Dy, (Um): 6.792 7.155 7.238 7.337 7.700 7.559 8.988 7.525 7.785
Dsp (um): 17.06 16.56 17.26 18.02 17.17 17.99 27.26 16.07 17.86
Dy (Um): 66.14 60.90 60.32 94.25 93.76 110.6 561.4 71.69 77.26
(Dgo / D1g) (Um): 9.737 8.511 8.333 12.85 12.18 14.63 62.46 9.527 9.924
(Do - Dyg) (um): 59.34 53.75 53.08 86.91 86.06 103.0 552.4 64.17 69.47
(D75 / Dys) (um): 3.216 2.874 3.005 3.725 3.017 3.345 7.206 2.614 3.173
(D75 - Dys) (um): 23.10 19.83 21.73 29.97 22.42 26.29 86.54 17.29 24.68
Dy (9): 3.918 4.037 4.051 3.407 3.415 3.177 0.833 3.802 3.694
Dso (9): 5.873 5.916 5.857 5.794 5.864 5.797 5.197 5.959 5.807
Dgo (9): 7.202 7.127 7.110 7.091 7.021 7.048 6.798 7.054 7.005
(Do / D1g) (9): 1.838 1.765 1.755 2.081 2.056 2.218 8.161 1.855 1.896
(Do - D1g) (¢): 3.283 3.089 3.059 3.683 3.606 3.871 5.965 3.252 3.311
(D75 / Dys) (¢): 1.344 1.302 1.321 1.412 1.325 1.368 1.859 1.269 1.347
(D75 - Dys) (¢): 1.685 1.523 1.587 1.897 1.593 1.742 2.849 1.386 1.666
% GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 7.0% 1.0% 0.4% 0.0%
% SAND: 10.9% 9.5% 9.1% 16.7% 14.7% 8.2% 30.7% 11.0% 13.9%
% MUD: 89.1% 90.5% 90.9% 83.3% 85.3% 84.7% 68.3% 88.6% 86.1%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 6.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 1.0% 0.4% 0.0%
% V COARSE SAND: 0.0% 0.0% 0.1% 0.1% 0.0% 0.0% 2.6% 0.1% 0.0%
% COARSE SAND: 0.0% 0.0% 0.0% 0.1% 0.1% 0.0% 8.2% 0.1% 0.0%
% MEDIUM SAND: 1.2% 0.8% 0.7% 2.0% 2.4% 0.7% 8.4% 1.0% 0.7%
% FINE SAND: 1.6% 1.5% 1.7% 4.4% 4.7% 1.5% 2.8% 3.1% 2.3%
% V FINE SAND: 8.1% 7.2% 6.7% 10.1% 7.5% 5.9% 8.6% 6.7% 10.8%
% V COARSE SILT: 16.0% 14.8% 17.0% 14.4% 12.0% 14.2% 14.6% 10.7% 14.7%
% COARSE SILT: 27.6% 29.0% 29.2% 25.9% 28.7% 27.9% 23.9% 29.6% 28.7%
% MEDIUM SILT: 31.6% 34.2% 32.5% 31.3% 34.1% 31.7% 22.9% 37.1% 32.6%
% FINE SILT: 12.1% 11.3% 10.8% 10.6% 9.7% 10.0% 6.3% 10.4% 9.4%
% V FINE SILT: 1.8% 1.2% 1.2% 1.1% 0.8% 0.9% 0.6% 0.8% 0.8%
% CLAY: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%







Oceanographic survey and habitat characterization along the pipeline performed by video recording
Boat Harbour, Nova Scotia

Picture 1 Three Pagurus sp. — Hermit crab (video screenshot on transect 6).

Picture 2 Asterias rubens — Common starfish (video screenshot on transect 10).
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Oceanographic survey and habitat characterization along the pipeline performed by video recording
Boat Harbour, Nova Scotia

Picture 3 Cancer irroratus — Atlantic rock crab (video screenshot on transect 4).
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Picture 4 Metridium dianthus — Plumose anemone (video screenshot on transect 3).
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Oceanographic survey and habitat characterization along the pipeline performed by video recording
Boat Harbour, Nova Scotia
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Picture 5 Quadrat Q4 — Substrate of gravel pebbles and cobbles.

Picture 6  Eastern section of Transect 1 — Substrate of shells, pebbles and gravel.
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Oceanographic survey and habitat characterization along the pipeline performed by video recording
Boat Harbour, Nova Scotia

Picture 7 Sediment sample for endobenthic organisms analysis.

Picture 8 “No anchor” sign on the east shore (view from B7).
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Oceanographic survey and habitat characterization along the pipeline performed by video recording
Boat Harbour, Nova Scotia

Picture 9 “No anchor” sign on the west shore (view from B9).

Picture 10  Global view of all the stations on the pipeline (view from east to west).
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1 CONTEXT

The Boat Harbour Effluent Treatment Facility (BHETF) is located in north central Nova Scotia on the
Northumberland Strait. The BHETF became operational in 1967 and has been the primary processing system for
effluent from the Kraft Pulp Mill. Boat Harbour, known as A'se'k in Mi'kmagq, was originally a tidal estuary
connected to the Northumberland Strait. The Harbour is currently a closed effluent stabilization basin, operating
under a lease agreement with the Province by the Kraft Pulp Mill owner. The use of the BHETF for the reception
and treatment of effluent from the Kraft Pulp Mill must cease no later than January 31, 2020, in accordance with the
Boat Harbour Act. Once operations have ceased, the Province will remediate Boat Harbour, and lands associated
with the BHETF, and restore Boat Harbour to a tidal estuary.

The main components of the BHETF include: the wastewater effluent pipeline (over 3 km in length) that runs from
the Kraft Pulp Mill and extends eastward of the East River of Pictou (East River) to the BHETF property; twin
settling basins and an Aeration Stabilization Basin (ASB) west-southwest of Boat Harbour; and the stabilization
lagoon (Boat Harbour). Effluent from Boat Harbour discharges through a dam (northeast of Boat Harbour) into an
estuary before being released to the Northumberland Strait. Prior to the construction of the twin settling basins and
ASB, effluent was routed by open ditch from the pipeline on the east side of Highway 348 to a natural wetland area
(Former Ponds 1, 2, and 3) before being discharged into the stabilization lagoon.

The BHETF contains approximately 1,149,000 m? of unconsolidated contaminated sludge/sediment including
approximately 577,000 m® unconsolidated sludge/sediment within Boat Harbour, 263,000 m? in the wetlands,
180,000 m® in the containment cell, and 129,000 m? in the ASB. Once consolidated through dewatering, the total
dewatered sludge/sediment volume to be managed is estimated to be between 312,500 and 517,700 m®. The sludge
is impacted with metals, polycyclic aromatic hydrocarbons (PAHs), and dioxins and furans. In addition to
management of sludge/sediment, the anticipated volume of waste water to be generated through remediation of the
BHETF is an estimated 5,700,000 m>. This volume includes bulk water (wastewater in BHSL and the ASB) and
sludge/sediment dewatering effluent. In addition to bulk water and dewatering effluent, combined groundwater and
surface water contributions to BHSL is estimated at 28,000 m® per day, which will also need to be managed during
remediation of the BHETF.

Over the operational period of the mill, many concerns have arisen for human and environmental safety. As a result
of these concerns, remedial plans have been initiated. Prior to the treatment planned for the remediation, knowledge
on habitat and aquatic species present in the BHETF and the surrounding area is needed to assess how remedial
activities could impact the surrounding population and natural environment.

As part of the environmental impact assessment of the Boat Harbour Remediation Project (BHRP or Project), WSP
Canada Inc. (WSP) was mandated to conduct a database and literature review to identify aquatic species at risk,
marine mammals and sea turtles that could be encountered in the area.

1.1 OBJECTIVE

The main objective of this review is to describe and estimate the potential of presence of aquatic species at risk,
marine mammals and sea turtles that could be encountered in the Northumberland Strait. Fish species that are not
“at-risk” are covered in a separate document and are not included in the current review.
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1.2 METHODS

1.21 STUDY AREA

The study area includes part of the Northumberland Strait, from the East side of the Confederation bridge to the
Eastern coast of the Prince Edward Island to identify marine species that could potentially be present in the
surrounding of Boat Harbour (Map 1-1). This area is characterized by average water depths ranging from 10 to 20 m
but can reach values up to 50 m (Kranck, 1972). Water temperatures vary from -1.6°C in winter to over 20°C in
summer (Dufour et al. 2010).

The eastern part of the study area encompasses the Ecologically and Biologically Significant Area (EBSA) 1-
Western Cape Breton determined by Fisheries and Oceans Canada (DFO) and is surrounded by two other

EBSA: 2-St. Georges Bay and 3-Western Northumberland Strait (Map 1-1; DFO, 2013). EBSA don’t have any
special protection status but have been identified for facilitating the evaluation of risk assessment when managing
human activities and are significant for the ecosystem based on their uniqueness, the prevalence of a given
biological component in the area and the function of the area for the biological component in question (DFO, 2013).
The presence of the species found in the study area will be discussed in sections 2.1, 2.2. and 2.3.

The eastern tip of Prince Edward Island is also designated as a Marine Protected Area (Basin Head MPA), belonging
to the Gulf of St. Lawrence Integrated Management Area (Map 1-1). This area is especially significant for its
ecological importance for the Irish moss, an endemic specie to this MPA (DFO, 2019).

1.2.2 LITTERATURE AND DATABASES CONSULTATION

The main source for determining potential presence of aquatic species at risk, marine mammals and sea turtles in the
study area was OBIS 2019, a database compiling the observations of aquatic species encountered in the area from
which the data from 1979 to 2019 were analyzed. Complementary observations from other sources (DFO website
and reports, Whalemap, COSEWIC reports and published literature) were also used.

For the aquatic species at risk, marine mammals and sea turtles, presence potential was assessed from all sources
consulted and were based on the following criteria:

— High: Frequent sightings in the study area;

— Moderate: Infrequent but regular observations in the study area;

— Low: Sporadic sightings in the study area, punctual but annual observations outside the study area;

— Rare: No recent observations outside the range but possible presence.

It is important to note that the observations and sightings that are reported in the consulted sources should not be
translated into the distribution range of a specie, but rather as a representation of their presence potential in the area.
The observations can be biased by the sampling effort that is not homogeneous among the study area, nor across

time, thus should be interpreted with caution. In addition, the study limited its search on species with a designated
status, marine mammals and sea turtle. As such, fish species that are not “at-risk” are not covered in the review.
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2 RESULTS

2.1

AQUATIC SPECIES AT RISK

Aquatic species listed as at risk under the Species at Risk Act (SARA) or recommended by the Committee on the
Status of Endangered Wildlife in Canada (COSEWIC) that could be encountered in the study area are presented in
Table 2-1. A total of 11 species were identified and belong to the group of mysticetes and odontocetes cetaceans
(whales), Elasmobranchii (skate and shark), Actinopterygii (fishes) and Reptilians (sea turtle). Sightings of the
species at risk in the area are presented in Map 2-1. The periods of the year when the species have a potential to be
encountered are presented in Table 2-2, while the date of every observation events for all the species are listed in

Appendix A.
Table 2-1 Aquatic species at risk that could be encountered in the study area
D s Common Status’ Confirmed Preserjci
Name presence potential
Mysticetes Balaenoptera Blue whale Endangered DFO, 2019 Low
cetaceans musculus
Balaenoptera Fin whale Special Concern OBIS, 2019 Low
physalus
Eubalaena North Atlantic COSEWIC, 2013;
lacialis Right whale Endangered Daoust et al., 2017 Low
g ° OBIS, 2019
Odontocete Lesage et al.,
Phocoena . . :
cetaceans hocoena Harbour porpoise Special Concern 2007; Moderate to High
P OBIS 2019
Elasmobranchii Mai(r:]c:;aja Smooth skate Special Concern OBIS, 2019 Moderate
Leucoraja ) COSEWIC 2015; .
ocellata Winter skate Endangered OBIS, 2019 Moderate to High
. . . COSEWIC, 2005;
Amblyraja radiata Thorny skate Special concern OBIS, 2019 Moderate
Carcharodon White shark Endangered COSEWIC 2006; Rare to nul
carcharias
Actinopterygii Cyclopterus Lumpfish Threatened OBIS, 2019 Moderate
lumpus
Anarhichas . ) .
lupus Atlantic wolffish Special Concern OBIS, 2019 Low to Moderate
Special Concern
) DFO, 1997;
S;'I';‘:’ Atlantic salmon (GaSpgt'Sfa“Vt\":::;f“'f of DFO, 2014; High
’ ) OBIS, 2019
population)
Reptilians Dermochelys Leatherback James et al., 2005;
coriaceae Sea Turtle Endangered James et al., 2006 Lowto Moderate

! Status confered by the Species at Risk Act (SARA) or by the Comittee on the Status of Endengered Wildlife in Canada (COSEWIC)

2 The species in grey are suspected to be encountered in the study area according to Fisheries and Oceans, Canada (DFO), but no sightings
were reported in this area by other sources.

> The evaluated presence potential in the study area is based on all consulted sources; High: Frequent sightings in the study area; Moderate:
Infrequent, but regular observations in the study area; Low: Sporadic sightings in the study area, punctual but annual observations outside the
study area; Rare: No recent observation outside the range but possible presence.

Sources: DFO; OBIS 2019; COSEWIC; James et al., 2005; James et al., 2006; Lesage et al., 2007; Johnson 2018 (Whalemap)
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MARINE MAMMALS

Among the marine mammals with an at-risk status, cetaceans from the mysticete and the odontocete groups can be
encountered in the study area.

The mysticete cetaceans are migratory whales that feed on zooplankton using their baleen plates and benefit from
the cold waters productivity of the Gulf of St. Lawrence (Lesage et al., 2007), while the odontocete are toothed
cetaceans that feed mostly on pelagic, demersal and benthic fishes, cephalopods, and small aquatic species
(Fontaine, 1998). Their distribution therefore follows the prey concentration, according to the time of the year
(Table 2-2).

MYSTICETES CETACEANS

Overall, three species at risk of mysticetes cetaceans might be encountered in the study area: Blue whale, Fin whale
and North Atlantic Right whale (Table 2-1; Map 2-1).

Blue Whale

Even though the population size of the Blue whale (Balaenoptera musculus) is not known, its presence in Canada is
estimated below 250 mature individuals, thus conferring the status “endangered” of this specie by the COSEWIC
(COSEWIC, 2002). The Blue whale can be seen in the Gulf of St. Lawrence from April to December, both in
coastal and pelagic waters. They are often found at the continental shelf edge, where upwelling produces high
concentrations of krill (COSEWIC, 2002). Previous reports have been made during summer months especially on
the Nova Scotian Banks, the Gulf and Estuary of St. Lawrence, the Belle Isle Strait and Grand Bank (Leatherwood
etal., 1976). According to Fisheries and Oceans Canada (DFO, 2019), the Blue whale could be encountered in the
study area but no recent observations of this specie have been reported by other sources (Johnson 2018, Lesage et
al., 2007; OBIS, 2019). Its presence potential in the study area is therefore determined low, but an encounter with a
Blue whale is still possible since it has been reported in shallow inshore zones (Leatherwood et al., 1976).

The limiting factors and threats to this species include ship strikes and entanglement in fishing gear. They may also
be vulnerable to human-generated underwater noise, chemical pollution and climate change but these have not been
clearly specified or validated (COSEWIC, 2005).

Fin whale

During the summer, the Fin whale (Balaenoptera physalus) follows preys (mostly euphausiids) that are
concentrating in regions characterized by shallow areas with topographic relief and low surface temperatures
(COSEWIC 2005; Lesage et al., 2007). In the Southern Gulf, the presence of the Fin whale is rather scarce, but it
can still be encountered on a regular basis along the Northwest coast of Cape Breton Island (Lesage et al., 2007). Its
potential presence in the Northumberland Strait has been confirmed by previous sightings: two in 1964, east from
the confederation bridge and one in 1967, between the Pictou Island and the shore (Map 2-1; OBIS, 2019).
Nevertheless, no observation of Fin Whale was reported in the study area for at least the last five years by other
sources (Johnson, 2018; Lesage et al., 2007). According to Fisheries and Oceans Canada (DFO, 2019), it is still
suspected to be encountered in the area, thus supporting a low presence potential. Finally, the lack of knowledge
about this specie has led to the designation of the status “special concern” by the COSEWIC in 2005.

The limiting factors and threats to this species include ship strikes and entanglement in fishing gear. They may also
be vulnerable to human-generated underwater noise, chemical pollution and climate change but these have not been
clearly specified or validated (COSEWIC, 2005).
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North Atlantic Right Whale

The North Atlantic Right Whale (Eubalaena glacialis) could also be encountered in the study area (DFO, 2019),
especially between July and September, where this specie visits the shallow coastal waters of the St. Lawrence
(Baleines en direct, 2019; Lesage et al., 2007). The number of individuals was estimated to 468 in 2010 and 409

in 2019. The relatively low recovery rate of this specie despite the end of the hunting since the 1930s led to the
designation of the “endangered status” by the COSEWIC (COSEWIC, 2013; Baleines en direct 2019). The potential
presence in the study area is supported by a few observations, including one observation in the study area in the
Western part of the Northumberland Strait (east of the confederation bridge) between the period of 1849-2010

(Map 2-1; COSEWIC 2013). Outside the study area, one observation was recorded between 2010 and 2016 in the
Western part of the Northumberland Strait (Map 2-1; Daoust et al., 2017), one along the West coast of Cape Breton
in 2013 (map 2-1; OBIS, 2019) and two were observed in the St-George’s Bay (Map 2-1; Daoust et al., 2017).
Overall, fewer than a dozen of North Atlantic Right whale has been reported each year in the Gulf of St-Lawrence
over the last four decades, but the additional efforts for documenting this specie since 2015 has led to the
documentation of over 100 individuals in the Gulf (Daoust et al., 2017). Those observations, however, can not
confirm that the North Atlantic Right whale has increased its use of the Gulf of St. Lawrence since the last decade,
but are in concordance with Lesage et al. (2007) and Johnson (2018) observations. Nonetheless, the presence
potential of the North Atlantic Right whale in the study area was estimated to be “low” because observations were
reported in near vicinity of the study area but no observation confirmed that North Atlantic Right Whale are entering
regularly the shallower waters of the Northumberland Strait.

The limiting factors and threats to this species include ship traffic and entanglement in fishing gear. Other potential
limiting factors are possible but poorly understood (COSEWIC, 2013).

ODONTOCETE CETACEANS
Harbour porpoise

The only at-risk specie of odontocete cetacean that is encountered in the study area is the Harbour porpoise
(Phocoena phocoena). Its distribution in the Gulf of St. Lawrence is ubiquitous but it can be encountered between
the end of June to the end of September (Table 2-2; Lesage et al., 2007). The Harbour porpoise mostly feed on small
fishes and cephalopods. Most of its prey are demersal and live on or near the sea floor. This specie is often
encountered in bays and harbours where architectural features help to concentrate its prey. The reproduction period
of this specie occurs early in summer, followed by a gestation period of 10 to 11 months, corresponding to its
presence in the Gulf (COSEWIC, 2006a). Observations of Harbour porpoise in the study area were confirmed by
numerous sources (Kingsley and Reeves, 1998; Lesage et al., 2007; OBIS, 2019) and its presence potential was
evaluated to be moderate to high. Most observations were reported at the Eastern tip and coast of the Prince Edward
Island in recent years (Map 2-1). The Northumberland Strait has been identified as an important migratory corridor
for this specie (Jacques Whitford Environment Limited, 2001), thus can also be encountered during summer months.
Despite the decline in the fishing industry and the reduction of incidental catches (Baleines en direct, 2019),
COSEWIC attributed the status of “special concern” to this species in 2016 principally because of the lack of
knowledge on this specie (COSEWIC, 2016).

Although the population remains abundant, harbour porpoises can be vulnerable to fisheries bycatch and represents
its principal limiting factors and threats (COSEWIC, 2016).
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ELASMOBRANCHII

A total of four at-risk species of Elasmobranchii have a potential to be encountered in the study area. Among them,
three belong to the skate family (Smooth skate, Winter skate and Thorny skate) and one to the shark family (White
shark). Those species are notably of interest, as skate and shark have been recognized particularly vulnerable to
overfishing and to play a vital role in maintaining the ecosystem by occupying a distinct place in the food chain
(WWF, 2012).

Smooth skate

The Laurentian-Scotian population of Smooth skate (Malacoraja senta) has been determined of “special concern”
by the COSEWIC in 2012, as the number remain low since its steeply decline that occurred in the 1970s, even
though there are no directed fisheries for this specie and that bycatches have been low for the past decade for this
Designable Unit (DU — COSEWIC 2012d). This specie is found at various depth ranges, although its abundance is
more important at depths between 150 m and 550 m. It prefers temperatures between 3 and 10 °C and lies on soft
mud and clay substrate (COSEWIC 2012d). Nonetheless, the possible presence of this specie in the Northumberland
Strait is confirmed by three observations noted in OBIS (2019) along the strait, but the latest occurrence was
reported in 1992 (Map 2-1). However, the smooth skate is encountered periodically outside the study area, thus
could be encountered in the study site with a low presence potential.

Although fisheries bycatch declined since mid-1990s and are relatively low, bycatch remains a limiting factors and
threats to this species. Most individuals in the bycatches are released but their subsequent survival is unknown.
Increased natural mortality may also be a limiting factor in some areas (COSEWIC, 2012d).

Winter skate

The Winter skate (Leucoraja ocellata) from the Gulf of St. Lawrence population can be observed at notable
densities along the Northumberland Strait (Map 2-1). In opposition to the Smooth skate, the Winter skate prefers
sandy or gravelly substrate and is more likely to be found in depths less than 150 m. It can be found in very shallow
inshore areas in late summer and early autumn in the Southern Gulf and prefers temperatures around 8.7°C. The
latest observations in OBIS dates from 2009 and the observations recorded by the COSEWIC (2015) include
observations from 1970-2013. Its presence potential in the area is still estimated as “high”, since reports in the area
were constant through the last four decades. Because the number of mature individuals is estimated to have declined
99% since the early 1980s and because of the slow growth rate of this specie, the COSEWIC conferred the status
“endangered” in 2015 to this specie.

The limiting factors and threats to this species include fisheries bycatch, notably in the flatfish fisheries
(COSEWIC, 2015).

Thorny skate

Severe population declines of Thorny skate (Amblyraja radiata) have been observed in the southern part of their
distribution while increases have been observed in the northern part of their range. Because the specie, as a whole,
does not meet the criteria for a threatened status, the Thorny skate (Amblyraja radiata) status was designated
“special concern” by the COSEWIC in 2012. However, the continuing southern decline of its range despite a
reduction in fishing mortality is still of concern. In the Gulf of St. Lawrence, the Thorny skate can be encountered in
temperatures ranging from 0 to 5 °C and in depths less than 100 m, but it has more recently occupied warmer and
deeper waters (COSEWIC, 2012e). In the study area, the Thorny skate is mostly found in the Eastern part of the
Northumberland Strait (Map 2-1). Even though its distribution has declined in the study area between 2001

and 2010 compared to 1994 (COSEWIC, 2012e), this specie is still suspected to be encountered in the study area
nowadays, with a presence potential estimated to be moderate.
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The limiting factors and threats to this species include fisheries bycatch and predation mortality but these factors
have not been directly associated to the declines (COSEWIC, 2012¢).

White shark

Since the Gulf of St. Lawrence is included in the Northern range limit of this specie and that it can wander into bays
and harbours (WWF, 2012), the White shark (Carcharodon carcharias) could be encountered in the study area
(DFO, 2019). It can be found just below the surface as well as in depths of 1280 m and in various environment such
as sandy beaches, off rocky shores, enclosed bays, lagoons, harbours and estuaries. Two sightings of this specie
have already been reported in the Northumberland Strait near Cape John during the months of July and August 1962
(Map 2-1; COSEWIC, 2006b), but no observation was reported in the area in the OBIS database. Even though the
White shark is rare in most of its range (COSEWIC, 2006b), sightings of this specie have increased in canadian
waters. As such, 22 sightings were confirmed between 2009 and 2018 among the 57 that are confirmed since

the 1800s (DFO, 2019. However, its presence potential in the study area is more likely rare to nul, as observations of
this specie in the study area are very limited. In less than one generation (approximately 14 years), its abundance has
encountered a reduction of 80 % in areas of the Northwest Atlantic Ocean. Since this specie is very mobile,
Canadian individuals are likely belonging to the same population, which is declared “endangered” by the COSEWIC
(2006b).

The limiting factors and threats to this species include sport fishery, commercial bycatch, international trade and
entanglement in fishing gears (COSEWIC, 2006b).

ACTINOPTERYGII

The Lumpfish, the Atlantic Wolffish and the Atlantic salmon are the three actinopterygians species at risk that are
present in the study area (Map 2-1).

Lumpfish

Even though the distribution of the Lumpfish (Cyclopterus lumpus) is broadly distributed across the Northwest
Atlantic, this marine fish specie status is designated “endangered” mainly because of the decline of approximately
58 % of its abundance in the last two decades. The Lumpfish inhabits both pelagic and benthic habitats, depending
of their requirement for different life cycle stages (COSEWIC, 2017). For nesting, the Lumpfish is found in rocky
areas with crevices, while young of the year are rather observed at the surface, usually hanging on seaweeds. Adults
remain pelagic and gradually switch to a demersal lifestyle for spring spawning and reproduction

(COSEWIC, 2017). In the Northumberland Strait, it was reported at nine occasions between 1980-1993

(Appendix A; Map 2-1). In the study area, its presence potential is higher for juveniles than adults, as few adults
were reported in the last decades (COSEWIC, 2017). Thus, the presence potential is estimated to be moderate in the
Northumberland Strait.

Atlantic Wolffish

The most recent observation reported in OBIS for the Atlantic Wolffish (Anarhichas lupus) goes to 1994
(Appendix A; Map 2-1), but according to DFO (2019), its current presence in the study area is expected. Depending
on its life stage, the Atlantic Wolffish can be found in near-shore water, under shelters, on the continental shelf on
rocky or sandy bottoms and near boulder or caves — which they use for spawning — and at depths around 150 m in
the Gulf of St. Lawrence.

BOAT HARBOUR REMEDIATION PLANNING AND DESIGN PROJECT WSP
DESKTOP STUDY: AQUATIC SPECIES AT RISK MARINE MAMMALS SEA TURTLES No. 171-10478-00
NOVA SCOTIA LANDS INC. - DECEMBER 2019 Page 9



Overall, the specie is mostly located below the thermocline and under the influence of tidal and coastal currents. In
the study area, six observations are reported in OBIS (2019), mostly in the eastern part. Because no recent reports of
this specie were recorded in the area but is suspected to be encountered, its presence potential was evaluated to
“low” to “moderate”. Its status of “special concern” designated by the COSEWIC is explained by the remaining low
abundance of the specie compared to the early 1980s regardless of its increasing abundance over the last decade
(COSEWIC 2012a).

The limiting factors and threats to this species include commercial fishing (directed and bycatch) particularly in
the 1970s but declined considerably in the 1990s following the closure of several groundfish fisheries. Climate
change and its effects on water temperatures may also affect the distribution and abundance of this species.

Atlantic salmon

For the Atlantic salmon (Salmo salar), the study area acts as a migratory zone since this specie migrates from fifteen
rivers in the Northumberland shore to the ocean and vice versa (DFO, 1997; Jacques Whitford Environment
Limited, 2001). As such, juveniles smolts and returning adults are expected to swim through the Northumberland
Strait during the smolt run in late spring and spawning migration of the adults in late autumn. Only one observation
of Atlantic salmon has been reported in the Strait in 1990 (Map 2-1). Even though few reports have been made in
the study area, those results more likely reflect a lack of capture associated with fishing nets that are not targeting
this pelagic species. Its presence in the area is therefore suspected to be high during migratory periods. In the study
area, COSEWIC (2010) has designated this population of “special concern” (Gaspé-southern Gulf of St. Lawrence
population), based on its poor marine survival that can be related to changes in marine ecosystems.

The limiting factors and threats to this species include climate change, changes to ocean ecosystems, fishing
(commercial, subsistence, recreational, and illegal), dams and obstructions in freshwater, agriculture, urbanization,
acidification, aquaculture, and invasive species (COSEWIC, 2010).

Reptilians

The only reptilian specie that present a status at risk in the study area is the Leatherback sea turtle (Dermochelys
coriaceae), a migratory specie that use the cold waters of the Northern Atlantic to feed on organisms such as
Chnidaria, Ctenophora and Urochordata (Tunicata). It is present in Canadian waters, including the Gulf of St.
Lawrence, to feed from the months of April to December — more abundant between June to October — and inhabits
both shelf and offshore waters. During the other time of the year, it inhabits warmer tropical waters, where nesting
areas are aggregated mostly in Mexico, Costa Rica, Indonesia, Solomon Island and Papua New Guinea. Then,
majority of sightings are from the continental shelf, inside the 200 m isobath and its median depth of sightings is
113 m (COSEWIC, 2012c¢). However, young sea turtles are found in warmer waters (James et al., 2006a). The
Leatherback sea turtle, when foraging, spend most of its time near the surface. The presence of Leatherback sea
turtle in the Northumberland Strait has been confirmed by James et al. (2005 and 2006b), where it was reported at
few occurrences in the Eastern Northumberland Strait (Map 2-1). However, its presence is rather scarce in the Strait
itself (six observations were reported from 1998 to 2005) and is mostly seen in the Laurentian Channel and the Inner
Gulf (James et al., 2005; 2006a; 2006b), thus suggesting a presence potential in the study area from low to
moderate. Even though the demographic status of the specie seems stable since the last generation, the Leatherback
sea turtle have seen its abundance decline by 70 % and no significant increase is observed, thus conferring to this
specie the status “endangered” (COSEWIC 2012c).
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The limiting factors and threats to this species include fisheries bycatch, coastal and offshore resource development,
marine pollution, poaching of eggs, changes to nesting beaches and climate change. There turtles are migrating into
Canadian waters for feeding during the summer months, where they are threatened by entanglement in longline and
fixed fishing gear (COSEWIC, 2012c¢).

Table 2-2 Occupation periods of aquatic species at risk in the study area

Species Jan. | Feb. | March | April | May | June | July | August | Sept. | Oct. | Nov. | Dec.

Mysticetes cetaceans

Blue whale (Gulf of St. Lawrence)

Fin whale
North Atlantic Right whale

Odontocete cetaceans

Harbour Porpoise ‘ ‘

Elasmobranchii

Smooth skate

Winter skate'

Thorny skate?
White Shark®
Actinopterygii

Lumpfish*
Atlantic Wolffish®
Atlantic salmon

Reptilians

Leatherback Sea turtle® ‘ ‘

Sources : Baleines en direct; COSEWIC; Leatherwood et al., 1976; Lesage et al., 2007

' Occurs primarly in shallow and warm waters during late summer and early autumn and disperse throughout the Magdalen Shallows in winter.
Follows depths with a temperatures ranging from 0 °C to 5 °C.

Based on observations made in Northern Atlantic.

Spends a greater portion of their time near the bottom during winter months. Remains offshore late summer to early spring.

Dark green zones represent months were the specie is present at greater abundance.

[E N Y

2.2 MARINE MAMMALS

Overall, 10 species of marine mammals are encountered in the study area. Among them, four species have been
designated as aquatic species at risk, such as the Blue whale, the Fin whale, the North-Atlantic Right whale and the
Harbour porpoise. The description of the repartition of those species, as well as their presence potential in the area
and their potential threats are described in section 2.1. Six other species of marine mammals, whose do not present a
status at risk, are reported in the Northumberland Strait. As such, one mysticete cetacean (Minke whale), an
odontocete cetacean from the Delphinidae family and four pinnipeds (Grey Seal, Harbour seal, Harp seal and
Hooded seal) can be present in the study area, depending on the time of the year (Map 2-2; Table 2-4). The date of
every observation events for all the species are listed in appendix A.
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Table 2-3 Marine mammals encountered in the study area
. Common Confirmed Presence
Group Specie' Status o
Name presence potential
Balaenoptera
P ) Blue whale Endangered DFO, 2019 Low
musculus
Balaenoptera
. Fin whale Special Concern OBIS, 2019 Low
i physalus
Mysticetes
. COSEWIC, 2013;
cetaceans Eubalaena North Atlantic
L ) Endangered Daoust et al., 2017 Low
glacialis Right whale
OBIS, 2019
Balaenoptera ) . Lesage et al.,2007;
Minke Whale Not at risk Moderate
acutorostrata OBIS 2019
Phocoena Harbour Dorboise Special Concern Lesage et al., 2007; Moderate
u i i
Odontocete phocoena e & OBIS 2019 to High
cetaceans Delphiniade .
. - Not at risk OBIS 2019 Rare
family
) OBIS 2019;
Halichoerus . .
Grey Seal Not at risk Lesage et al.,2007; High
grypus .
Robillard et al., 2005
Phoca OBIS, 2019;
L . o Harbour Seal Not at risk ) Moderate
Pinnipedia vitulina Robillard et al., 2005
Pagophilus Low to
gop ) Harp seal Not at risk -
groenlandicus Moderate
Cystophora
y ) P Hooded seal Not at risk - Low
cristata
Sources: DFO 2019; OBIS 2019; COSEWIC; Lesage et al., 2007; Robillard et al., 2005

1
2

Species in pink present an "at-risk" status and are discussed in section 2.1.

The species in grey are suspected to be encountered in the study area according to Fisheries and Oceans, Canada (DFO), but no sightings
were reported in this area by other sources.

3 The evaluated presence potential in the study area is based on all consulted sources; High: Frequent sightings in the study area; Moderate:
Infrequent, but regular observations in the study area; Low: Sporadic sightings in the study area, punctual but annual observations outside the
study area; Rare: No recent observation outside the range but possible presence.

MYSTICETES CETACEANS
Minke whale

In a survey performed by Kingsley and Reeves in 1995-1996 over the Estuary and Gulf of St. Lawrence, the Minke
whale (Balaenoptera acutorostrata) was observed in higher density along the north shelf of the Gulf and widely
distributed, but patchily, elsewhere in the Gulf. The Minke whale appeared to converge where capelin schools were
located, especially off eastern Newfoundland and in the Laurentian Channel, as well as in areas of high
concentrations of cod and herring (Kingsley and Reeves, 1998; Leatherwood et al., 1976). It is found in Canadian
waters, including the Golf of St. Lawrence, from late May to November (Table 2-4, Leatherwood et al., 1976), and
prefer sector of sandy bottoms with no particular association to thermal fronts, as opposed to other rorquals (Doniol-
Valcroze et al., 2007). From May to October, Minke whale can be observed more than 50 % of days in the Southern
Gulf of St. Lawrence, thus indicating that this area (including the study area) is used on a regular basis by this specie
(Lesage et al., 2007). The presence of the Minke whale is therefore estimated to be at least moderate in the study
area, since its presence was confirmed with numerous sightings from 1995 to 2014 (Map 2-1). In the Gulf of St.
Lawrence, the abundance of the Minke whale was estimated to 1 000 individuals (Kingsley and Reeves, 1998) and
its population status is considered stable throughout its entire range, making this specie the most abundant rorqual in
the world (NOAA, 2019).
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ODONTOCETES CETACEANS
Dolphins

One odontocete cetacean from the Delphinidae family has been reported in 1971 in the Northumberland Strait
(OBIS, 2019; Map 2-2). Even though it is not possible to assess which specie was observed, three species of
Dolphins can be encountered in the Gulf; the Atlantic White-Sided dolphin (Lagenorhynchus acutus), the White-
Beaked dolphin (Lagenorhynchus albirostris) and the Short-Beaked Common dolphin (Delphinus delphis), all of
which being present especially between spring and autumn (Baleines en direct, 2019; Lesage et al., 2007).
COSEWIC determined that none of these species were at risk since no significant threats were identified
(COSEWIC, 2001). The presence of White-Sided dolphin is predominant between Gaspé and Anticosti as well as
the West coast of Newfoundland, but their incursion into the Gulf greatly vary over time. As for the Short-Beaked
Common Dolphin, its repartition in the Gulf is rather scarce and is mostly encountered within Newfoundland waters.
However, a survey performed in 2002 showed evidences of Short-Beaked Common dolphin in the Gulf, especially
in the Belle Isle Strait, the Esquiman Channel and the Laurentian Channel (Lesage et al., 2007). The White-Beaked
dolphin can, in addition, be encountered in the Gulf during winter, but reports of its presence in the Gulf are scarce,
as it is mostly encountered in the Northeastern part of the Gulf of St. Lawrence. Based on those observations, the
presence potential of dolphins in the Northumberland Strait is rather low, as no other observation were reported in
the area since 1971.

PINNIPEDS

Four pinniped species are encountered in the Gulf of St. Lawrence and all of them have a potential to be encountered
in the study area. Among them, two are migratory species (Harp seals and Hooded) and two are permanent residents
of the Gulf (Grey seal and Harbour seal). Grey seal, Harp seal and Hooded seals whelp on the packs of ice during
winter, as Harbour seal whelp in various areas in the Gulf in late spring (Lesage et al., 2007). Because the
populations trends of all the four species have significantly increased since the late 1960s — corresponding to the
period following hunting closure — and that they are present at great abundance within their range, their status was
assessed “not-at-risk” (DFO, 2019d), excepted for the Harp seal, whose the COSEWIC did not confer a status.

Grey seal

The Grey seal (Halichoerus grypus) is the most abundant pinniped in the Northumberland Strait. In this region, the
Grey seal especially feed on Sand lance (Ammodytes americanus), Atlantic cod (Gadus morhua) and Atlantic
Herring (Clupea harengus), all of which encountered in great abundance in the study area (Hammill and

Stenson, 2000). It can often be observed in large packs on small isolated islet, sandbars, reefs and rocks exposed at
low tide to haul-out and is often seen in the same areas as the Harbour seal (Robillard et al., 2005). Between the
months of December to June, the Grey seal visits the southern Gulf of St. Lawrence (including the Northumberland
Strait), as well as the Scotian Shelf, Maine and Massachusetts to breed. In addition, a significant area has been
recognized for the reproduction period of grey seal during the ice-covered periods in the Northumberland Strait
(Lesage et al., 2007), where numerous whelping zones on small island have been identified (Map 2-2). The
numerous observations that have been reported throughout recent years therefore makes this specie more likely to be
encountered in the study area (OBIS, 2019; Robillard et al., 2005), assessing its presence potential to “high”.
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Harbour seal

The Harbour seal (Phoca vitulina) feeds mostly on Atlantic cod, Atlantic herring and Capelin (Malotus villosus) in
the Southern Gulf of St. Lawrence and is present almost all year long in areas where ice conditions are light to
intermediate during winter. Even though records of Harbour seal were more important in the Estuary of the Gulf, or
around Anticosti Island (Lesage et al., 2007), it can also be found in the study area around the Prince Edward Island
(Map 2-2). Harbour seal inhabits areas where ice is less important during winter. However, its diving patterns during
both ice-free and ice-covered periods indicate that its movements are generally limited within a few kilometers from
their haul-out sites (Lesage et al., 2004). Therefore, the likelihood of its presence in the study area during winter
months is also expected. Moreover, hauling sites were identified in the study area by Robillard et al. (2005) and two
observations were recorded in OBIS (2019), indicating that this specie has at least a moderate presence potential in
the area. The specie’s status was previously assessed “at-risk” by the COSEWIC, but its great adaptive ability and
the lack of serious immediate threats over any substantial part of its range led the re-examination of its status to
“not-at-risk” in November 2007 (COSEWIC, 2007).

Harp seal

Even though the Harp seal is the most abundant marine mammal predator in the Northwest Atlantic (Shelton et
al.,1996), no observations of Harp seal (Phagophilus groenlandicus) in the study area were recorded in OBIS
(2019). However, this area is included in its range (DFO, 2019c; Prescott and Richard, 2013) and Lesage et al
(2007) writes that Harp seal can be encountered in higher concentrations in the Southern Gulf of St. Lawrence,
notably into the Eastern Northumberland Strait throughout January to May. The evaluation of its presence potential
is therefore estimated “low to moderate”.

Hooded seal

Similarly to the Harp seal, the Hooded seal (Cystophora cristata) is a seasonal visitor of the Gulf of St. Lawrence
and occurs from December to May. However, the repartition of this specie reported by Lesage (2007) should be
interpreted with caution because the satellite telemetry data covered only a small portion of the annual cycle of the
specie, thus no areas used by the hooded seal during late fall and early winter were recorded. Even though no
observation is recorded in OBIS (2019), the Northumberland Strait has been identified as a significant area for this
specie during their ice-covered periods, but to a lesser extent than the Harp seal (Lesage et al., 2007). Because the
lack of data confirming the presence of the specie in the study area, although it may occur in the area during winter,
its presence potential is determined to be low.

Table 2-4 Occupation period of marine mammals in the Gulf of St. Lawrence that could be encountered in
the study area

Species’ Jan. | Feb. | March | April | May | June | July | August | Sept. | Oct. | Nov. | Dec.

Mysticetes cetaceans

Blue whale (Gulf of St. Lawrence)

Fin whale

North Atlantic Right whale

Minke Whale

Odontocete cetaceans

Harbour Porpoise

Dolphins
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Pinnipeds

Grey seals?

Harbour seals®

Harp seals

Hooded seals

Sources : COSEWIC; Leatherwood et al., 1976; Lesage et al., 2007
1 Species in pink present an "at-risk" status and are discussed in section 2.1.

2 Dark green zones represent months were the specie is present at greater abundance.

3 Harbour seal remain in the vicinity of their haul-out sites during summer and is believed to be relatively sedentary through the year

2.3 REPTILIANS

Leatherback sea turtle

Marine reptilians that are encountered in Northern Atlantic and Nova Scotian waters belong to three species of sea
turtles: The Leatherback sea turtle, Kemp’s Ridley sea turtle and Loggerhead turtle. Those species visit the cold
waters of the Northern Atlantic each year, but the Leatherback sea turtle is the only reptilian that wanders into the
Gulf of St. Lawrence and the study area during summer months. A description of the specie, including its presence
potential in the study area as well as the period of the year where it can be encountered, is presented in the

section 2.1 of the present document.
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3 CONCLUSION

The objective of this review was to assess the presence potential of aquatic species at risk, marine mammals and sea
turtles in the BHETF and the surrounding. The study area, that is included in the Northumberland Strait,
encompasses the EBSA 1-Western Cape Breton determined by the DFO and is surrounded by two other EBSA: 2-
St. Georges Bay and 3-Western Northumberland Strait (DFO, 2013). Several species listed at risk under the Species
at Risk Act (SARA) or recommended by the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC) can be encountered in study area. These at-risk species include several 1) marine mammals (Blue
whale, Fin whale, North Atlantic Right Whale, Harbour porpoise); 2) elasmobranch (Smooth skate, Winter skate,
Thorny skate and White shark); 3) ray-finned fishes (Lumpfish, Atlantic Wolffish and Atlantic salmon) and 4) one
reptilian (Leatherback sea turtle). Several other marine mammals without an at-risk status can also be present in the
study area, including Minke whale, Dolphins (species not identified), Grey seal, Harbour seal, Harp seal, Hooded
seal. In addition, several of these species are candidate or have been identified as ecologically significant species by
DFO, meaning that they are having a leading role for defining the structure and/or function of the ecosystem or
influencing the biodiversity and/or productivity. As such, the Fin whale, Minke whale, Harbour porpoise, Grey seal,
Harp seal, Harbour seal, Thorny skate, White Shark are candidate of ecologically significant species and
communities, while the Atlantic salmon and the Wolffish are ecologically significant species designated by DFO
partners (DFO, 2013).

In this review, the potential presence of aquatic species with an at-risk status was evaluated to “high” for the
Atlantic salmon, while it was evaluated “moderate to high” for the Harbour porpoise and the Winter Skate and
“moderate” for the Smooth skate, the Thorny skate and the Lumpfish. Species with a “low to moderate” presence
potential were the Atlantic Wolffish and the Leatherback Sea turtle. Species with a low potential all belonged to
mysticete cetaceans, such as the Blue whale, the Fin whale and the North Atlantic Right Whale. Concerning the
White shark, its presence potential was “rare to nul”. The occupation period of aquatic species at risk in the study
area is somewhat variable, as it depends on the biology of the species. Overall, cetaceans (mysticete and odontocete
included) are mostly presents during summer months, during ice-free covered periods, as well as White shark,
Winter skate, Lumpfish and Leatherback sea turtle. Atlantic salmon is also a seasonal visitor of the study area, with
a higher potential to be encountered in late spring and early autumn, while the Wolffish, the Smooth skate and the
Thorny skate can be present all year long.

The potential presence of marine mammals not at risk was evaluated to “high” for Grey Seal, “moderate” for Minke
Whale and Harbour Seal and “low” for Hooded seal. Dolphins and Harp seal are the least likely to be encountered.
Grey seals and Harbour seals can be encountered all year in the study area, while Harp seals and Hooded seals are
suspected to be encountered mostly during the ice-covered areas and the Minke whale during summer months, i.e.
ice-free periods.
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APPENDIX

A DATE OF SIGHTINGS REPORTED IN

THE STUDY AREA






. Common Confirmed
Group Specie Date of event
Name presence
Balaenoptera musculus Blue whale DFO, 2019 N/A
Balaenoptera physalus Fin whale OBIS, 2019 1964
Balaenoptera physalus Fin whale OBIS, 2019 1964
Balaenoptera physalus Fin whale OBIS, 2019 1967-10-08
Eubalaena glacialis North Atlantic Right whale COSEWIC, 2013 1849-2010
Eubalaena glacialis North Atlantic Right whale Daoust et al., 2017 2010-2016
Eubalaena glacialis North Atlantic Right whale Daoust et al., 2017 2010-2016
Eubalaena glacialis North Atlantic Right whale Daoust et al., 2017 2010-2016
Mysticetes Eubalaena glacialis North Atlantic Right whale OBIS, 2019 2013
cetaceans Balaenoptera acutorostrata Minke Whale OBIS 2019 2007-07-11

Balaenoptera acutorostrata Minke Whale OBIS 2019 2013-09-12

Balaenoptera acutorostrata Minke Whale OBIS 2020 2013-09-12

Balaenoptera acutorostrata Minke Whale OBIS 2021 2013-09-16

Balaenoptera acutorostrata Minke Whale OBIS 2022 2014-02-06

Balaenoptera acutorostrata Minke Whale OBIS 2023 2014-09-17

Balaenoptera acutorostrata Minke Whale OBIS 2024 n.d.

) Kingsley and Reeves,

Balaenoptera acutorostrata Minke Whale 1998 1995-1996
Phocoena phocoena Harbour porpoise Lesage et al., 2007, 1995_2103)926 and
Phocoena phocoena Harbour porpoise OBIS 2019 2007-07-09
Phocoena phocoena Harbour porpoise OBIS 2019 2007-07-09
Phocoena phocoena Harbour porpoise OBIS 2019 2007-07-09
Phocoena phocoena Harbour porpoise OBIS 2019 2007-07-11
Phocoena phocoena Harbour porpoise OBIS 2019 2007-07-11
Phocoena phocoena Harbour porpoise OBIS 2019 2007-07-11
Phocoena phocoena Harbour porpoise OBIS 2019 2007-07-11
Phocoena phocoena Harbour porpoise OBIS 2019 2007-07-11
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-13
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-13
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14

Odontocete -
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14

cetaceans Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-14
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-16
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-16
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-16
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-16
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-16
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-16
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-16
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-17
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-17
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-17




Group Specie Common Confirmed Date of event
Name presence
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-17
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-17
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-18
Phocoena phocoena Harbour porpoise OBIS 2019 2007-08-18
Phocoena phocoena Harbour porpoise OBIS 2019 2014-11-07
Delphiniade family - OBIS 2019 1971
Phoca vitulina Harbour Seal OBIS 2019 2007
Phoca vitulina Harbour Seal OBIS 2019 2007
Phoca vitulina Harbour Seal Robillard et al., 2005 1996 and 2001
Phoca vitulina Harbour Seal Robillard et al., 2005 1996 and 2001
Phoca vitulina Harbour Seal Robillard et al., 2005 1996 and 2001
Pinnipedia F.>h0ca vitulina Harbour Seal Robillard et al., 2005 1996 and 2001
Halichoerus grypus Grey Seal Robillard et al., 2005 1996 and 2001
Halichoerus grypus Grey Seal Robillard et al., 2005 1996 and 2001
Halichoerus grypus Grey Seal OBIS, 2019 (913 x) 2015-01-30
Halichoerus grypus Grey Seal OBIS, 2019 2009-09-09
Halichoerus grypus Grey Seal OBIS, 2019 2009-09-09
Halichoerus grypus Grey Seal Lesage et al.,2007 2002
Malacoraja senta Smooth skate OBIS, 2019 1985-09-25
Malacoraja senta Smooth skate OBIS, 2019 1988-09-19
Malacoraja senta Smooth skate OBIS, 2019 1992-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1971-09-30
Leucoraja ocellata Winter skate OBIS, 2019 1971-09-30
Leucoraja ocellata Winter skate OBIS, 2019 1972-09-06
Leucoraja ocellata Winter skate OBIS, 2019 1973-08-05
Leucoraja ocellata Winter skate OBIS, 2019 1973-09-05
Leucoraja ocellata Winter skate OBIS, 2019 1974-09-04
Leucoraja ocellata Winter skate OBIS, 2019 1974-09-04
Leucoraja ocellata Winter skate OBIS, 2019 1974-09-06
Leucoraja ocellata Winter skate OBIS, 2019 1975-09-03
Leucoraja ocellata Winter skate OBIS, 2019 1975-09-03
Leucoraja ocellata Winter skate OBIS, 2019 1978-09-09
Leucoraja ocellata Winter skate OBIS, 2019 1978-09-09
Leucoraja ocellata Winter skate OBIS, 2019 1979-09-14
Elasmobranchii Leucoraj:a ocellata Winter skate OBIS, 2019 1979-09-14
Leucoraja ocellata Winter skate OBIS, 2019 1980-09-04
Leucoraja ocellata Winter skate OBIS, 2019 1980-09-04
Leucoraja ocellata Winter skate OBIS, 2019 1980-09-04
Leucoraja ocellata Winter skate OBIS, 2019 1981-09-02
Leucoraja ocellata Winter skate OBIS, 2019 1981-09-02
Leucoraja ocellata Winter skate OBIS, 2019 1981-09-02
Leucoraja ocellata Winter skate OBIS, 2019 1982-09-09
Leucoraja ocellata Winter skate OBIS, 2019 1982-09-09
Leucoraja ocellata Winter skate OBIS, 2019 1983-09-17
Leucoraja ocellata Winter skate OBIS, 2019 1983-09-17
Leucoraja ocellata Winter skate OBIS, 2019 1984-08-29
Leucoraja ocellata Winter skate OBIS, 2019 1984-08-30
Leucoraja ocellata Winter skate OBIS, 2019 1984-08-30
Leucoraja ocellata Winter skate OBIS, 2019 1984-09-05
Leucoraja ocellata Winter skate OBIS, 2019 1984-09-17
Leucoraja ocellata Winter skate OBIS, 2019 1984-09-21
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-17




Group Specie Common Confirmed Date of event
Name presence
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-17
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-17
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-17
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1985-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-03
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-12
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-12
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-12
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-12
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-15
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-15
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-23
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-23
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-23
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-23
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-23
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-23
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-23
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-24
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-24
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-24
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-24
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-24
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-24
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-24
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-24
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-24
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1986-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1987-08-31
Leucoraja ocellata Winter skate OBIS, 2019 1987-08-31
Leucoraja ocellata Winter skate OBIS, 2019 1987-09-01
Leucoraja ocellata Winter skate OBIS, 2019 1987-09-01
Leucoraja ocellata Winter skate OBIS, 2019 1987-09-01
Leucoraja ocellata Winter skate OBIS, 2019 1987-09-01
Leucoraja ocellata Winter skate OBIS, 2019 1988-09-15
Leucoraja ocellata Winter skate OBIS, 2019 1988-09-15
Leucoraja ocellata Winter skate OBIS, 2019 1988-09-15
Leucoraja ocellata Winter skate OBIS, 2019 1988-09-15
Leucoraja ocellata Winter skate OBIS, 2019 1988-09-15




Group Specie Common Confirmed Date of event
Name presence
Leucoraja ocellata Winter skate OBIS, 2019 1988-09-15
Leucoraja ocellata Winter skate OBIS, 2019 1988-09-16
Leucoraja ocellata Winter skate OBIS, 2019 1989-09-15
Leucoraja ocellata Winter skate OBIS, 2019 1989-09-15
Leucoraja ocellata Winter skate OBIS, 2019 1989-09-23
Leucoraja ocellata Winter skate OBIS, 2019 1990-09-03
Leucoraja ocellata Winter skate OBIS, 2019 1990-09-19
Leucoraja ocellata Winter skate OBIS, 2019 1990-09-19
Leucoraja ocellata Winter skate OBIS, 2019 1990-09-19
Leucoraja ocellata Winter skate OBIS, 2019 1990-09-20
Leucoraja ocellata Winter skate OBIS, 2019 1991-09-21
Leucoraja ocellata Winter skate OBIS, 2019 1991-09-22
Leucoraja ocellata Winter skate OBIS, 2019 1991-09-22
Leucoraja ocellata Winter skate OBIS, 2019 1992-09-15
Leucoraja ocellata Winter skate OBIS, 2019 1992-09-15
Leucoraja ocellata Winter skate OBIS, 2019 1992-09-15
Leucoraja ocellata Winter skate OBIS, 2019 1992-09-24
Leucoraja ocellata Winter skate OBIS, 2019 1992-09-24
Leucoraja ocellata Winter skate OBIS, 2019 1992-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1992-09-25
Leucoraja ocellata Winter skate OBIS, 2019 1993-09-11
Leucoraja ocellata Winter skate OBIS, 2019 1993-09-20
Leucoraja ocellata Winter skate OBIS, 2019 1993-09-21
Leucoraja ocellata Winter skate OBIS, 2019 1993-09-21
Leucoraja ocellata Winter skate OBIS, 2019 1994-09-20
Leucoraja ocellata Winter skate OBIS, 2019 1994-09-20
Leucoraja ocellata Winter skate OBIS, 2019 1994-09-21
Leucoraja ocellata Winter skate OBIS, 2019 1994-09-21
Leucoraja ocellata Winter skate OBIS, 2019 1994-09-21
Leucoraja ocellata Winter skate OBIS, 2019 2009-08-02
Leucoraja ocellata Winter skate OBIS, 2019 2009-08-08
Leucoraja ocellata Winter skate OBIS, 2019 2009-08-13
Amblyraja radiata Thorny skate OBIS, 2019 1973-09-05
Amblyraja radiata Thorny skate OBIS, 2019 1976-09-08
Amblyraja radiata Thorny skate OBIS, 2019 1977-09-20
Amblyraja radiata Thorny skate OBIS, 2019 1981-09-02
Amblyraja radiata Thorny skate OBIS, 2019 1984-09-17
Amblyraja radiata Thorny skate OBIS, 2019 1985-09-17
Amblyraja radiata Thorny skate OBIS, 2019 1985-09-17
Amblyraja radiata Thorny skate OBIS, 2019 1985-09-17
Amblyraja radiata Thorny skate OBIS, 2019 1985-09-25
Amblyraja radiata Thorny skate OBIS, 2019 1986-09-03
Amblyraja radiata Thorny skate OBIS, 2019 1986-09-12
Amblyraja radiata Thorny skate OBIS, 2019 1986-09-23
Amblyraja radiata Thorny skate OBIS, 2019 1986-09-24
Amblyraja radiata Thorny skate OBIS, 2019 1986-09-24
Amblyraja radiata Thorny skate OBIS, 2019 1987-09-01
Amblyraja radiata Thorny skate OBIS, 2019 1987-09-01
Amblyraja radiata Thorny skate OBIS, 2019 1987-09-01
Amblyraja radiata Thorny skate OBIS, 2019 1988-09-06
Amblyraja radiata Thorny skate OBIS, 2019 1989-09-23
Amblyraja radiata Thorny skate OBIS, 2019 1990-09-03




Group Specie Common Confirmed Date of event
Name presence

Amblyraja radiata Thorny skate OBIS, 2019 1990-09-03
Amblyraja radiata Thorny skate OBIS, 2019 1991-09-12
Amblyraja radiata Thorny skate OBIS, 2019 1991-09-21
Amblyraja radiata Thorny skate OBIS, 2019 1992-09-05
Amblyraja radiata Thorny skate OBIS, 2019 1992-09-15
Amblyraja radiata Thorny skate OBIS, 2019 1992-09-25
Amblyraja radiata Thorny skate OBIS, 2019 1993-09-10
Amblyraja radiata Thorny skate OBIS, 2019 1993-09-11
Amblyraja radiata Thorny skate OBIS, 2019 1993-09-21
Amblyraja radiata Thorny skate OBIS, 2019 1993-09-21
Amblyraja radiata Thorny skate OBIS, 2019 1994-09-10
Amblyraja radiata Thorny skate OBIS, 2019 1994-09-21
Amblyraja radiata Thorny skate OBIS, 2019 1994-09-21
Amblyraja radiata Thorny skate OBIS, 2019 1994-09-21
Amblyraja radiata Thorny skate OBIS, 2019 1994-09-21

Carcharodon carcharias White shark COSEWIC 2006; 1962

Carcharodon carcharias White shark COSEWIC 2006; 1962

Cyclopterus lumpus Lumpfish OBIS, 2019 1980-09-04

Cyclopterus lumpus Lumpfish OBIS, 2019 1987-08-31

Cyclopterus lumpus Lumpfish OBIS, 2019 1987-08-31

Cyclopterus lumpus Lumpfish OBIS, 2019 1987-08-31

Cyclopterus lumpus Lumpfish OBIS, 2019 1988-09-16

Cyclopterus lumpus Lumpfish OBIS, 2019 1990-09-03

Cyclopterus lumpus Lumpfish OBIS, 2019 1992-09-24

i . Cyclopterus lumpus Lumpfish OBIS, 2019 1992-09-24
Actinopterygii -

Cyclopterus lumpus Lumpfish OBIS, 2019 1993-09-29
Anarhichas lupus Atlantic wolffish OBIS, 2019 1991-09-13
Anarhichas lupus Atlantic wolffish OBIS, 2019 1987-09-22
Anarhichas lupus Atlantic wolffish OBIS, 2019 1988-09-07
Anarhichas lupus Atlantic wolffish OBIS, 2019 1992-09-16
Anarhichas lupus Atlantic wolffish OBIS, 2019 1985-09-15
Anarhichas lupus Atlantic wolffish OBIS, 2019 1987-09-01

Salmo salar Atlantic salmon OBIS, 2019 1990
Dermochelys coriaceae Leatherback Sea Turtle James et al., 2005/2006 1998-2005
Dermochelys coriaceae Leatherback Sea Turtle James et al., 2005/2006 1998-2005
Dermochelys coriaceae Leatherback Sea Turtle James et al., 2005/2006 1998-2005
Dermochelys coriaceae Leatherback Sea Turtle James et al., 2005/2006 1998-2005
Reptilians Dermochelys coriaceae Leatherback Sea Turtle James et al., 2005/2006 1998-2005
Dermochelys coriaceae Leatherback Sea Turtle James et al., 2005/2006 1998-2005
Dermochelys coriaceae Leatherback Sea Turtle James et al., 2005/2006 1998-2005
Dermochelys coriaceae Leatherback Sea Turtle James et al., 2005/2006 1998-2005
Dermochelys coriaceae Leatherback Sea Turtle James et al., 2005/2006 1998-2005
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Topo-Bathymetric Lidar Research to support remediation of Boat Harbour: Final Report

Executive Summary

The Applied Geomatics Research Group (AGRG) surveyed outer Pictou Harbour using airborne topo-bathymetric lidar in
September 2016 to collect high-resolution elevation data and imagery. The sensor used was AGRG’s Chiroptera Il

integrated topo-bathymetric lidar system, equipped with a 60 megapixel (MPIX) multispectral camera.

Boat Harbour is currently acting as a holding facility for effluent from the nearby Abercrombie Point Pulp Mill, but there
is a plan to remediate this area back to its original state, as a tidal inlet. One of the objectives of this project was to develop
a hydrodynamic model to simulate baseline current flow, water level variations and water circulation within outer Pictou
Harbour. The hydrodynamic model was validated by comparing modelled surface elevation, and current speed and
direction to observations from an Acoustic Doppler Current Profiler, which was deployed for 35 days to measure the water
level and current speeds throughout a tidal cycle. The modelled surface elevation agreed very well with the observed
surface elevation. The modelled east-west currents agreed well with the phase of the observations, but the model did not
consistently simulate the observed variation in amplitude between tides. The model captured the large-scale nature of
the north-south currents, predicting the amplitude of the flood tide well but predicting the phase wrong, and modelling
some of the finer signals of the southern ebb tide well in phase but under-predicting amplitude. Current speed was highest
in and near the Pictou Harbour channel, reaching 0.5 m/s along the axis of the channel, and currents near the outlet of

Boat Harbour were slower, approximately 0.01 m/s during maximum ebb and flood flow.

In addition to the HD model, baseline information on the geomorphology and ecology of Pictou Harbour was also an
objective of the study. The topo-bathymetric data and derived products (hydrodynamic model, imagery, digital elevation
and surface models, lidar seabed reflectance, bottom type map) provide a detailed reference of the coastal environment
and ecology, as part of the deliverables for this project. The plume discharging out of Boat Harbour was clearly visible on
the imagery and the lidar did not penetrate through this dark mass of water. The bottom type classification depicting
eelgrass distribution along with other cover types was produced from the data collected during the lidar survey is in very
good agreement with the ground truth points collected. These data will help to determine if Pictou Harbour changes when
Boat Harbour is converted back to its natural setting as a tidal inlet. One should consider a mapping program to measure
the natural variability of the physical and biological system before Boat Harbour is altered, then a systematic mapping
program to measure change once it is altered. AGRG researchers collected survey grade GPS points, water clarity, depth
and underwater photos of the seabed conditions and bottom type. A bottom type classification map was produced from
the lidar and photo products that separated bottom type into eelgrass, focus, mud, and sand. Fucus and sand were

identified correctly by the classification 100% of the time, eelgrass 87.5% of the time, and mud 25% of the time.
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1 Introduction

1.1 Project Background

With the construction of a pulp mill at Abercrombie Point in 1967, Boat Harbour was transformed from a tidal inlet to a
holding facility for effluent from the mill. A plan is in place to remediate Boat Harbour in an attempt to return it back to
its original state. With the change back to a tidal inlet, the surrounding coastline in Pictou Harbour may change because
of the changes in water circulation. It is important to capture a baseline of the current state of the coastal environment

and the ecological distribution of materials.

The Applied Geomatics Research Group (AGRG) of the Nova Scotia Community College (NSCC) has many years of
experience with lidar technology and coastal mapping. Recently the NSCC has acquired a topo-bathymetric lidar sensor
and high-resolution aerial camera that is capable of surveying both the land topography and the submerged coastal
topography, or bathymetry. This new topo-bathymetric lidar sensor offers a unique method to survey the shoreline in
more detail than present, map and characterize environmentally sensitive areas, use the nearshore bathymetry to model

the local tidal currents, and chart nearshore hazards to navigation.

In the summer of 2016, AGRG used the lidar system to survey Pictou Harbour. This report will highlight the results of the
lidar survey and the derived data products, including the digital elevation model (DEM), digital surface model (DSM), and
lidar intensity model, all derived from the lidar point cloud. Additionally, this report will present the high-resolution RCD30
60 MPIX imagery, processed using the aircraft trajectory and direct georeferencing. Ground truth maps, included in this
report will highlight the results of the ground truth survey such as bottom type, seagrass percentage and water clarity.
For the intertidal and subtidal areas this level of information has never been surveyed before with such sophisticated
equipment and provides a rich series of GIS-ready data layers for capturing the baseline information for this study. The
bathymetry from the survey was used to construct a hydrodynamic model of the circulation within outer Pictou Harbour

based on present day conditions.

In addition to the deliverables stated above, the data collected from a nearby location, Little Harbour, surveyed and
studied by AGRG in 2014 will be delivered. The DEM, airphoto mosaic, and eelgrass map can be used by NS Lands as a

reference area, to provide a picture of what Boat Harbour may look like when converted back to its natural setting.
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1.2 Study Area

Boat Harbour is located on the Nova Scotia shoreline of the Northumberland Strait, in Pictou County (Figure 1-1). The
study area is east of Pictou Harbour and the Abercrombie Point Pulp Mill, and encompasses the community of Pictou
Landing. The geography of this study area renders it a tidal inlet; however, it is currently acting as a holding facility for

effluent from the pulp mill.

! Legend Cheticamp &%

Study Area B HPNs
- Boat Harbour /A EC Weather Statons N

2 Island’ Z

oy e 4 S
~Hkgb‘ury _

1
F o

Figure 1-1: The topographic-bathymetric lidar study area in the Southern Gulf of St. Lawrence. Shown is the Boat
Harbour study area (gold polygon), NS High Precision Network (HPN) stations (orange squares) and Environment Canada
(EC) Weather Stations (green triangles).

2 Methods

2.1 Sensor Specifications

The AGRG utilized the Chiroptera Il integrated topographic-bathymetric lidar sensor equipped with a 60 MPIX
multispectral camera for this study. The system incorporates a 1064 nm near-infrared laser for ground returns and sea
surface and a green 515 nm laser for bathymetric returns (Figure 2-1, Figure 2-2d). The lasers scan in an elliptical
pattern, which enables coverage from many different angles on vertical faces, causes less shadow effects in the data,

and is less sensitive to wave interaction. The bathymetric laser is limited by depth and clarity, and has a depth
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penetration rating of roughly 1.5 x the Secchi depth (a measure of turbidity or water clarity using a black and white disk).
The Leica RCD30 camera (Figure 2-2d) collects co-aligned RGB+NIR motion compensated photographs which can be
mosaicked into a single image in post-processing, or analyzed frame by frame for maximum information extraction. For
the purposes of this report, the topographic laser will be referred to as the “topo” laser, and the bathymetric laser will

be referred to as the "bathy” laser.

The calibration of the lidar sensor and camera have been documented in an external report which will be included as

part of the deliverables for this project.
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Figure 2-1: (A) Example of the Chiroptera Il green laser waveform showing the large return from the sea surface and
smaller return from the seabed. (B) Schematic of the Chiroptera Il green and NIR lasers interaction with the sea
surface and seabed (adapted from Leica Geosystems).
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Figure 2-2: (a) Aircraft used for 2016 lidar survey; (b) display seen by lidar operator in-flight; (c) main body of sensor
(right) and the data rack(left); (d) large red circles are the lasers; the RCD30 lens (right) and low resolution camera
quality control(left).

2.2 Lidar Survey Details

The lidar survey was conducted in Sept 2016 (Table 1). The surveys were planned using Mission Pro software. The 19
planned flight lines for Boat Harbour are shown in Figure 2-3. The aircraft required ground-based high precision GPS
data to be collected during the lidar survey in order to provide accurate positional data for the aircraft trajectory. Our
Leica GS14 RTK GPS system was used to set up a base station set to log observations at 1-second intervals over a Nova

Scotia High Precision Network (HPN) (Figure 1-1).
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Survey Time Survey Duration = Number of Flight Lines
Survey Date
(UTC)
Sept 7 13:15-14:50 1 hour 35 mins 19

Table 1: 2016 NS Lands lidar survey dates, durations, areas, and flight lines.

2016 NS Lands Flight Lines
Boat Harbour
N
“:1“
%\:5;_
e e s
0 125 25 5 N Rty O

Figure 2-3: Flight lines for 2016 lidar survey in Boat Harbour.

2.3 Ground Truth Data Collection
Ground truth data collection is a crucial aspect of topo-bathymetric lidar surveys. In August 2016, AGRG researchers
conducted traditional ground truth data collection including hard surface validation and depth measurements to validate

the lidar, Secchi depth measurements for information on water clarity, and underwater photographs to obtain information
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on bottom type and vegetation. (Figure 2-5) The seabed elevation was measured directly using a large pole onto which
the RTK GPS was threaded, in addition to manual measurements using a depth mate consisting of a lead ball on a
graduated rope, in addition to a commercial-grade single beam echo sounder. By threading the RTK GPS antenna on the
pole and measuring the elevation of the seabed directly we eliminated errors introduced into depth measurements
obtained from a boat such as those caused by wave action, tidal variation, and angle of rope for lead ball drop
measurements. Table 2 summarizes the ground truth measurements undertaken for the Boat Harbour study area in 2016,
and Figure 2-4 shows a map of the distribution of ground truth measurements. Figure 2-5 illustrates some of the ground

truth collection and results at Boat Harbour.

2016 NS Lands Lidar Mission Ground Truth

Legend

¢ Topo Points
A ADCP
r

AGRG Ground Truth
AGRG Ground Truth (Partner Boat)

N
Lot HERE. DeLumes Mapryinga, ©

) Open StrestMag tonttOutory
antd ihe Glls wsor communty

Figure 2-4: Location of hard surface GPS validation points, AGRG and partner boat-based ground truth points, and ADCP
deployment at Boat Harbour.

0 0375 075 1.5
N S— T
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Figure 2-5: Ground truth collection at Boat Harbour. (a) Submerged quadrat collecting ground truth imagery, (b) Plume
in Boat Harbour, (c) ADCP deployment, (d) and (e) Ground truth imagery results from quadrat.
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Depth Turbidity Cube River
GPS _ ADCP  Underwater ~ Hard Buoy (deployed ~ Ray
Base Secchi (see Surface cTD |
System (Deployed, ~ Photos (see  pg (v (deployed and (Yor
Date  station (Yor- caption \ and recovered) -)
(GS14 or -, or caption for or-) or-  recovered)
(id) ) for )
530/1200) Retrieved) options)
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Aug GS14, P, M, - - -
206392 Y Deployed Qso Y -
11 1200 DM
Aug - - Y
- GS14 - - - - - -
30
Sept - - -
- - - - Recovered - - -
13

Table 2: Ground truth data summary. GPS Column: Two Leica GPS systems were used, the GS14 and the 1200. Depth
Column: P=GPS antenna threaded onto the large pole for direct bottom elevation measurement; M=manual depth
measurement using lead ball or weighted Secchi disk; DM=handheld single beam DepthMate echo sounder.
Underwater Photos: Qs0=0.25 m? quadrat with downward-looking GoPro camera.

2.4 Time of Flight Conditions: Weather, Tide and Turbidity

Meteorological conditions during and prior to topo-bathy lidar data collection are an important factor in successful data
collection. As the lidar sensor is limited by water clarity, windy conditions have the potential to stir up any fine sediment
in the water and prevent laser penetration. Rain is not suitable for lidar collection, and the glare of the sun must also be
factored in for the collection of aerial photography. Before each lidar survey we primarily monitored weather forecasts

using four tools: the Environment Canada (EC) public forecast (http://weather.gc.ca/) (Figure 1-1); EC’s Marine Forecast

(https://weather.gc.ca/marine/index_e.html ); SpotWx (www.spotwx.com), which allows the user to enter a precise

location and choose from several forecasting models of varying model resolution and forecast length; and a customized
EC forecast for the lidar study area provided to AGRG every eight hours. Each of these tools had strengths and
weaknesses and it was through monitoring all four that a successful lidar mission was achieved. For example, the
customized EC forecast was the only tool that provided a fog prediction, on an hourly basis. However, the SpotWx
graphical interface proved superior for wind monitoring. Only the EC public forecast alerted us to Weather Warnings
that were broadcast in real-time, such as thunderstorms, and the marine forecast provided the only information for

offshore conditions.

Although the summer of 2016 was particularly hot and dry, a suitable window for the Pictou Harbour lidar survey was

not available until Sept. 7. The survey followed three days of <20 km/h winds blowing mainly from the south; there were
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no major rainfall events in the week before the survey, which could have caused the water clarity to be reduced, and the

survey started following low tide and ended at mid-tide (Figure 2-6).

Caribou Meteorolgical Data
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Figure 2-6: (a) Wind speed and (b) direction collected at the EC weather station at Caribou between Sept. 1 and 10,
2016, at 1 hour intervals. Panel (c) shows a vector plot of the wind, where the arrows point in the direction the wind
is blowing, and the red box indicates the lidar survey duration. Panel (d) shows daily rainfall and (e) shows predicted
tide at Pictou Harbour.

2.5 Acoustic Doppler Current Profiler (ADCP)

A Teledyne RDI Sentinel V20 1000 kHz Acoustic Doppler Current Profiler (ADCP) was deployed at Boat Harbour on August
11™ to measure current speed and direction for minimum 35 days. The ADCP was recovered on September 13". The
current data were obtained for hydrodynamic model validation. Surface elevation of the ADCP compared well to CHS
predicted tides and tidal range was 1.7 m (Figure 2-7). The current at the ADCP was dominated by tidal circulation and
ranged from -0.24 m/s to 0.28 m/s in the east-west direction, and from -0.33 m/s to 0.06 m/s in the north-south direction
(Figure 2-8). The vertical structure and magnitude of the currents varied throughout the tidal cycle, with the strongest
currents occurring during the middle of the deployment when the tide was semidiurnal, near the water surface (Figure
2-9). When the tide was mixed, semidiurnal the currents were weaker during the lower tidal range and stronger during

the higher tidal range (Figure 2-10).
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Figure 2-7: ADCP and CHS predicted surface elevation during the ADCP deployment.
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Figure 2-8: Current speeds over time (x axis) and depth (y axis, measured as range from the ADCP) for East-West currents
(top panel) and North-South currents (bottom panel). Colours indicate current magnitude and direction.
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Figure 2-9: Observed and predicted surface elevation (top panel) and depth averaged currents (lower panel) between
Sept. 3 and 5 during a semidiurnal tidal phase.
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Figure 2-10: Observed and predicted surface elevation (top panel) and depth averaged currents (lower panel) between
Aug. 12 - 15 during a mixed semidiurnal tidal phase.
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2.6 Elevation Data Processing

2.6.1 Lidar processing

2.6.1.1 Point Cloud Processing

Once the GPS trajectory was processed for the aircraft, GPS observations were combined with the inertial measurement
unit and the navigation data was linked to the laser returns and georeferenced. Lidar Survey Studio (LSS) software
accompanies the Chiroptera Il sensor and is used to process the lidar waveforms into discrete points. These data can

then be inspected to ensure sufficient overlap between flight lines (30%) and that no gaps existed in the lidar coverage.

Integral to the processing of bathymetric lidar is the ability to map the water surface. The defined water surface is
critical for two components of georeferencing the final target or targets that the reflected laser pulse recorded: the
refraction of the light when it passes from the medium of air to water and the change in the speed of light from air to
water. The LSS software computes the water surface from the lidar returns of both the topo and bathy lasers. In addition
to classifying points as land, water surface or bathymetry, the system also computes a water surface that ensures the
entire area of water surface is covered regardless of the original lidar point density. As previously mentioned, part of the
processing involves converting the raw waveform lidar return time series into discrete classified points using LSS signal
processing. Waveform processing may include algorithms specific to classifying the seabed. The points were examined in
LSS both in planimetric and cross-section views. The waveforms for each point can be queried so that the location of the

waveform peak can be identified and the type of point defined, for example water surface and bathymetry.

The LAS files, the file type output from LSS, were then read into TerraScan™ with the laser returns grouped by laser type
so they could be easily separated, analyzed and further refined. Because of the differences in the lidar footprint
between the topo and bathy lasers, the bathy point returns would be used to represent the water surface and both
bathy and topo points would be used to represent targets on the land. See Table 3 and the attached Data Dictionary
report for the classification codes for the delivered LAS 1.2 files. The refined classified LAS files were read into ArcGIS™

and a variety of raster surfaces at a 1 m spatial resolution were produced.

Class number | Description

Water model
Bathymetry (Bathy)
Bathy Vegetation

N/A

Topo laser Ground
Topo laser non-ground (vegetation & buildings)
Hydro laser Ground
Bathy laser non-ground
Water

Noise

Ol |IN|ojn]|_|WIN|R|O
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10 Overlap Water Model

11 Overlap Bathy

12 Overlap Bathy Veg

13 N/A

14 Overlap Topo Laser Ground
15 Overlap Topo Laser Veg

16 Overlap Bathy Laser Ground
17 Overlap Bathy Laser Veg

18 Overlap Water

19 Overlap Noise

Table 3. Lidar point classification Codes and descriptions. Note that ‘overlap’ is determined for points which are
within a desired footprint of points from a separate flight line; the latter of which having less absolute range to the
laser sensor.

2.6.1.2 Gridded Surface Models

There are three main data products derived from the lidar point cloud. The first two are based on the elevation and
include the Digital Surface Model (DSM), which incorporates valid lidar returns from vegetation, buildings, ground and
bathymetry returns, and the Digital Elevation Model (DEM) which incorporates ground returns above and below the
water line. The third data product is the intensity of the lidar returns, or the reflectance of the bathy laser. The lidar
reflectance, or the amplitude of the returning signal from the bathy laser, is influenced by several factors including water
depth, the local angle of incidence with the target, the natural reflectivity of the target material, the transmission power

of the laser and the sensitivity of the receiver.

2.6.1.3 Depth Normalization of the Green Laser

The amplitude of the returning signal from the bathy laser provides a means of visualizing the seabed cover, and is
influenced by several factors including water depth and clarity, the local angle of incidence with the target, the natural
reflectivity of the target material, and the voltage or gain of the transmitted lidar pulse. The raw amplitude data are
difficult to interpret because of variances as a result of signal loss due to the attenuation of the laser pulse through the
water column at different scan angles. Gridding the amplitude value from the bathy laser results in an image with a wide
range of values that are not compensated for depth and have significant differences for the same target depending on the
local angle of incidence from flight line to flight line. As a result, these data are not suitable for quantitative analysis and
are difficult to interpret for qualitative analysis. A process has been developed to normalize the amplitude data for signal
loss in a recent publication (Webster et al., 2016). The process involved sampling the amplitude data from a location with
homogeneous seabed cover (e.g., sand or eelgrass) over a range of depths. These data were used to establish a
relationship between depth and the logarithm of the amplitude value. The inverse of this relationship was used with the
depth map to adjust the amplitude data so that they could be interpreted without the bias of depth. A depth normalized

amplitude/intensity image (DNI) was created for the study site using this technique that can be more consistently
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interpreted for the seabed cover material. Note that this analysis considers only bathymetric lidar values and ignores any

topographic elevation points.

2.6.1.4 Aerial Photo Processing

The RCD30 60 MPIX imagery was processed using the aircraft trajectory and direct georeferencing. The low altitude and
high resolution of the imagery required that the lidar data be processed first to produce bare-earth digital elevation
models (DEMs) that were used in the orthorectification process. The aircraft trajectory, which combines the GPS
position and the IMU attitude information into a best estimate of the overall position and orientation of the aircraft
during the survey is required for this process. This trajectory, which is linked to the laser shots and photo events by GPS
based time tags, is used to define the Exterior Orientation (EO) for each of the RCD30 aerial photos acquired. The EOQ,
which has traditionally been calculated by selecting ground control point (x, y, and z) locations relative to the air photo
frame and calculating a bundle adjustment, was calculated using direct georeferencing and exploiting the high precision
of the navigation system. The EO file defines the camera position (x, y, z) for every exposure as well as the various
rotation angles about the x, y and z axis known as omega, phi and kappa. The EO file along with a DEM was used with
the aerial photo to produce a digital orthophoto. After the lidar data were processed and classified into ground points,
the lidar-derived DEM (above and below the water line) was used in the orthorectification process in Erdas Imagine

software and satisfactory results were produced.

2.6.2 Ellipsoidal to Orthometric Height Conversion

The original elevation of any lidar product are referenced to the same elevation model as the GPS they were collected
with. This model is a theoretical Earth surface known as the ellipsoid, and elevations referenced to this surface are in
ellipsoidal height (GRS80). To convert them to orthometric height (OHt), which is height relative to the Canadian
Geodetic Vertical Datum of 1928 (CGVD28), an offset must be applied. The conversions are calculated based on the

geoid-ellipsoid separation model, HT2, from Natural Resources Canada.

2.7 Bottom Type Classification

The eelgrass map was derived from the lidar and orthophotos and included the water depth raster, derived from the DEM,
lidar bottom reflectance intensity, and the true-color aerial photograph orthomosaic. The approach uses the red and green
imagery bands, which were extracted from the true-color aerial photograph orthomosaic. Ratios of their differences and
of their sums were added together and weighted by the interlaced lidar intensity data. The result is then normalized by
the effects of depth. The resulting raster represents vegetation presence index, and was subject to a threshold procedure

to result in a final shapefile of vegetation presence or absence. The procedure to produce the final SAV map involved
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manual editing the shapefile using the RGB photos for interpretation, and included removing shadows created by

overlapping trees in the imagery and clipping of the dataset to the relevant area.

2.8 Lidar Validation

Ground elevation measurements obtained using the RTK GPS system were used to validate the topographic lidar returns
on areas of hard, flat surfaces. The GPS antenna was mounted on a vehicle and data were collected along roads within the

study area, and points were collected manually along any wharves (green lines on Figure 2-4) present in the study area.

Boat-based ground truth data were used to validate the bathymetric lidar returns (blue and orange dots on Figure 2-4).
Although various methods were used to measure depth during fieldwork, for this report only points measured using the
large pole fitted with the RTK GPS antenna to directly measure the seabed elevation were used for the accuracy

assessment; points that measured depth using sonar or a weighted rope were not considered at this time.

For both hard surface and boat-based GPS points, the differences in the GPS elevation and the lidar elevation (AZ) were
calculated by extracting the lidar elevation from the DEM at the checkpoint and subtracting the lidar elevation from the
GPS elevation. GPS points were subject to a quality control assessment such that the standard deviation of the elevation

was required to be < 0.05 m.

3 Results

3.1 Lidar Validation

3.1.1 Topographic Validation

There were 635 data points collected along the roads with a calculated mean AZ of -0.14 m + 0.04 m (Figure 3-1).

Statistics of 20160830_Pictou_HardSurface_Validation [

Field

RTKmDEM -
Statistics:

Count: 635

Minimum: -0.296557

Maximum: 0.020488 100 {
Sum: -50.717017
Mean: -0.142861

Standard Deviation: 0.043743 50 H
Nulls: 0

Frequency Distribution

150 §

0

-03 -03 -02 -02 -01 -0.1 -0.0 0.0
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Figure 3.1: Topographic lidar validation for Boat Harbour.
3.1.2 Bathymetric Validation

Mean AZ was negative, indicating that the DEM elevation is less (shallower) than the observed GPS point. There were 28

points (direct seabed elevation measurements) with mean AZ -0.17 m £ 0.25 m (Figure 3-2).

_
Statistics of 20160811 _Pictou_Bathy_GoodZ_ValidationRedo s |

Field
RTKmDEM -

Statistics:

Count: 28

Minimum: -0.504215
Maximum: 0.497369

Sum: -4.953632

Mean; -0.178344

Standard Deviation: 0.250783
Nulls: 0

Frequency Distribution

Figure 3.2: Bathymetric lidar validation for Boat Harbour.

3.1.3 Comparison between Multibeam and Lidar

AGRG acquired CHS 5 m multibeam data for Boat Harbour, which provided depth values for the channel and surrounding
study area where the lidar sensor did not penetrate. There were areas of overlap between the multibeam data and the
lidar, making it possible to compare the data (Figure 3-1) The multibeam data represented depth relative to chart datum,
(lowest astronomical tide) however, these data needed to be converted to mean sea level (CGVD28) in order to accurately

compare the values to the lidar, which is relative to CGVD28.

To convert the multibeam data to the correct datum, 0.92 m was subtracted from the data using a raster calculator in
ArcGIS™ . 0.92 m is the difference between chart datum and mean sea level. With both data sets now relative to the same
datum, the data were compared in ArcMap. Raster Calculator was used again to subtract the ‘known’ data (multibeam)
from the lidar. The resulting data was a raster highlighting the areas of overlap between data sets as well as the difference.

This dataset was then converted to points in order to interpret the summary statistics for further comparison (Figure 3-2).
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Figure 3-1: Map comparing the CHS 5m multibeam data in Boat Harbour to the lidar acquired by AGRG. The top panel
shows the Northern section of study area (data frame rotated 36 ° to the north), the bottom panel shows the Southern
section of the study area. Histogram illustrates a calculated mean AZ of -0.03 m + 0.3 m.
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Figure 3-2: Histogram of resulting difference between multibeam and lidar shows a calculated mean AZ of -0.03 m + 0.3
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3.2 Surface Models and Air Photos

3.2.1 Digital Elevation Model

Lidar penetration at Pictou Harbour was successful in the nearshore areas of the study area, penetrating to a maximum
of -4.8 m CGVD28 (which roughly corresponds to an equivalent depth), located near the northwestern portion of Pictou
Harbour (Figure 3-3). The lidar revealed sandbars, channels amidst flat, shallow coves, and complex nearshore topography.
In the southern study area, near the submerged pipe, the lidar penetrated to -3 m CGVD28 (Figure 3-4). The lidar did not
penetrate an area approximately 1 km long, and 400 m at its widest area, located at the mouth of Boat Harbour (Figure
3-3 shown as missing data, Figure 3-5). Poor water clarity resulted in the bathymetric laser reflecting off the surface of the

water and not penetrating through the cloudy water.
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Figure 3-3: Digital Elevation Model for Boat Harbour, draped on a 5x hillshade, scaled to show bathymetry relief for the
Northern section of study area (rotated 36° to the north), and with insets showing smaller features. Insets are matched

to the larger figure by border colour.
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Figure 3-4: Digital Elevation Model for Boat Harbour draped on a 5x hillshade, rotated and scaled to show bathymetry
relief for the Southern section of study area.
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Figure 3-5: The raw (uncleaned) lidar DEM showing how the laser reflected off the opaque plume (outlined) located at
the mouth of Boat Harbour.
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3.2.2 Colour Shaded Relief Model

The Colour Shaded Relief (CSR) models show the topographic relief in shades of green-red-yellow, and the bathymetry
relief in shades of blue where darker blue represents deeper water. CSRs provide an exaggeration of the DEMs and DSM’s
(5x actual height) and include artificial shading to accentuate topographic and bathymetric features. These maps are
especially useful for identifying where the land ends and the water begins; for example, in Figure 3-6 the pink panel clearly

identifies the nearshore area.
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Figure 3-6: Colour Shaded Relief for Boat Harbour, scaled to show bathymetry relief for the Northern section of study
area (rotated 36 ° to the north), and with insets showing smaller features. Insets are matched to the larger figure by
border colour.
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Figure 3-7: Colour Shaded Relief for Boat Harbour, scaled to show bathymetry relief for the Southern section of study
area.

3.2.3 Depth Normalized Intensity

The Depth Normalized Intensity models (DNIs) can be a powerful tool to reveal submerged features and bottom type
information that the air photos and DEM may not depict. The intensity data show the contrast between brightly coloured
seabed and the dark colour of eelgrass or other submerged vegetation. The DNI maps suggests the presence of vegetation
in the shallowest areas and south of the harbour mouth, and suggests that the seabed is mainly composed of sand north

of the harbour mouth, with bands of darker vegetation in the nearshore (Figure 3-8, Figure 3-9).
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Figure 3-8: Depth-normalized intensity model (for bathymetry only) draped over the CSR, rotated 36° to the north.
Typically, darker areas represent submerged vegetation, while brighter areas represent sand. Insets are matched to the
larger figure by border colour.
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Figure 3-9: Depth-normalized intensity model (for bathymetry only) draped over the CSR. Typically, darker areas
represent submerged vegetation, while brighter areas represent sand.

3.2.4 Air Photos

The aerial orthophoto mosaics provide insight into land use, water clarity, bottom type, wave action, and river
morphology. The orthophoto panels show the different levels of water clarity throughout the study area (Figure 3-10,
Figure 3-11). At Boat Harbour, submerged features such as sediment and sand ripples can be seen in both the blue and

orange panels; additionally, a deep channel is visible in the blue panel.
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Figure 3-10: Orthophoto Mosasic for Boat Harbour (rotated 36 °to the north), and with insets showing smaller features.
Insets are matched to the larger figure by border colour.
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Figure 3-11: Orthophoto Mosaic for Boat Harbour, scaled to show bathymetry relief for the Southern section of study
area.
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Figure 3-12: Orthophoto mosaic showing the plume of dark water near the mouth of Boat Harbour, outlined in black.
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3.3 Ground Truth Maps
The underwater photographs taken using a GoPro camera mounted to a quadrat are useful indicators of bottom type
throughout the study area. The following sections present some of the images obtained during the field season displayed

on the RCD30 5 cm resolution orthophoto mosaics.

3.3.1 Boat Harbour

The bottom type at Boat Harbour was a combination of sand, mud, fucus and eelgrass. The water appears mainly clear in
the inner bay, North West of Pictou (Figures 3.9 — 3.12). Towards Pictou Landing, on the Eastern side of the study area,
the water is darker and the bottom appears to be composed mainly of mud and sand with a small amount of fucus present.

(Figure 3.12)

Boat Harbour, NS Ground Truth Surveys

August 11th, 2016 Surveys
A AGRG Survay (AGRG Boat Quadmt)

A AGRG Survey (St Quadrat)

Ground Truth Water Clargy |

Water Clanty During Survey
A 1(Cear)
A 05 (Somewtat Ciear)
A O (Noe Clear)
ALL A A
N 4
A A 4
N A AA
A —_—
ars 4

Figure 3-13: Boat Harbour underwater photo ground truth for both surveys (AGRG and partner boats). Background
image is RCD30 orthophoto RGB mosaic.
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Figure 3-14: Boat Harbour underwater photo ground truth for both surveys (AGRG and partner boats) symbolized to
show the field of view cover type. Background image is RCD30 orthophoto RGB mosaic.
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Figure 3-15: Boat Harbour underwater photo ground truth for both surveys (AGRG and partner boats) symbolized to
show the eelgrass percentage. Background image is RCD30 orthphoto RGB mosaic.
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Figure 3-16: Boat Harbour underwater photo ground truth for both surveys (AGRG and partner boats) symbolized to
show the species type of vegetation present. Background image is RCD30 orthophoto RGB mosaic.

3.4 Bottom Type Maps
Figures 3-17 to 3-21 depict the bottom type classification and eelgrass distribution produced by the methodology
described in section 2.7. Both ground based and boat based ground truth points were compared to the bottom type

classification produced and the overall agreement of the classification of eelgrass was 87.5% (Table 4).

Class Number of Ground | Points in Agreement Percent

Truth Points with Classification Agreement (%)
Eelgrass 8 7 87.5
Fucus 4 4 100
Mud 8 2 25
Sand 3 3 100

Table 4 — Percent agreement between bottom type classification and ground truth points.
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Figure 3-17 — Bottom type classification for Boat Harbour (rotated 36° to the north).
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Figure 3-18 — Bottom type classification for the southern portion of the Boat Harbour study area.
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Figure 3-19 — Ground truth and classification agreement based on a sample size of 23 ground truth points. Red circles
indicate agreement between the produced classification and ground truth points collected.
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Figure 3-20 — Comparison of bottom type classification of eelgrass to the aerial photograph for the southern portion of
the Boat Harbour study area.

Although no ground truth points were collected in the southern portion of the study area, eelgrass is visible on the aerial

photograph and appears to be in very good agreement (Figure 31).
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Figure 3-21 — Submerged aquatic vegetation (SAV) presence and absence. The red circles represent ground truth points
which agree with the classification.

Figure 3-21 depicts the agreement between the presence and absence between the classification and ground truth data

collected. The classification and ground truth points collected agreed very well with each other.
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4 Hydrodynamic Model

A high-resolution 2-D hydrodynamic (HD) model was developed using the DHI Mike-21™ software module to simulate
current flow and water level variations within the Pictou Harbour study area. The model domain was designed to be much
larger than the lidar study area in order to properly model the circulation in the region through the Northumberland Strait

into Pictou Harbour. Model inputs included bathymetry and boundaries, described in the following sections.
4.1 Modelling Methods

4.1.1 Grid Preparation

A variety of sources and resolutions of topography and bathymetry were required in order to complete the model depth
grid (Table 5, Figure 4-1). Topo-bathymetric lidar data from 2014 (Little Harbour) and 2016 (Merigomish Harbour and
Pictou Harbour) were down-sampled from 1 m to 9 m for computational efficiency. Other bathymetric data included a
digital compilation of bathymetry data from various sources (e.g. multibeam, single beam, seismic, etc.) aggregated by
CHS (Varma et al., 2008) between 5 and 20 m resolution, and 5 m multibeam data for Pictou Harbour and approach. A 20
m resolution database from the Nova Scotia Dept. of Natural Resources was used for the NS topography not included in

the lidar dataset, and topographic lidar data collected by AGRG for PEIl was used for the PEI coastline.

Provider Source Native Resolution = Domain

AGRG Lidar: Pictou Harbour, Merigomish Harbour, Little 2m Topo/Bathy
Harbour

CHS Multibeam: Pictou Harbour and approach 5m Bathy

CHS Chart soundings, echo sounding data, etc. Variable Bathy

AGRG Lidar: PEI 2m Topo

NSDNR Rasterized 1:10 000 Contour Data 20m Topo

Table 5: HD model bathymetric data sources, resolution, domain and number of observations. NSDNR: Nova Scotia
Department of Natural Resources.
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Figure 4-1: Sources of model topographic and bathymetric data.

A nested grid model approach was used to reduce the calculations required by the model. Five different model domains
were developed using a 3:1 resolution step (Table 6, Figure 4-2). To generate the grids, the bathymetric and topographic
datasets were subject to rigorous quality control procedures to ensure continuity between the various data sources. These
datasets were then clipped to remove overlapping data points, giving preference to the higher resolution dataset, and
topographic datasets were clipped to the coastline to reduce dataset size. The lowest resolution grids (Domains 4 and 5)
were generated using only the coastal topographic data points and the CHS database bathymetry points, and were
interpolated into rasters at their required resolutions (243 m and 729 m) using the ArcMap Topo to Raster tool to fill gaps
in the different resolution datasets. The interpolation technique ensured a smooth elevation surface despite the coarse
and irregular point spacing of the different datasets. All of the datasets (lidar, multibeam, topo points, etc.) were used to
generate a 9 m resolution dataset to fit Domain 3; this was resampled and clipped to make the remaining model domains

(Figure 4-3).
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Domain Resolution (m)

1 9
2 27
3 81
4 243
5 729

Table 6: Nested model domains as shown in Figure 4-2.

; km
[ oomain 1t [__] Domain3[__] Domain 5 : S % . A

D Domain 2  Domain 4

Figure 4-2: Mike 21 hydrodynamic model domain extents, boundaries, and Domain 5 grid draped over a 5x hillshade.
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Figure 4-3: Domain 1: 9 m model grid draped over a 5x hillshade; Domain 2: 27 m model grid draped over a 5x hillshade.
The Pictou Causeway is represented as a closed boundary with a point source discharge shown on the map by a green
symbol.

4.1.2 Boundaries

The model simulated water level variations over the interpolated bathymetric surface in response to a forcing tidal
boundary condition at two different locations. The Western Boundary extended from near Pugwash to PEl, and the
Northern Boundary extended from Cape Breton to PEI (Figure 4-2). Both boundaries were forced with predicted tidal
elevations at 5-minute resolution extracted from WebTide (Dupont et al., 2005). Tidal elevations across the Western
Boundary varied between 0.01 m and 0.05 m and at the Northern boundary elevations across the boundary varied by as
much as 0.15 m. The Canso Causeway represented a closed boundary; data south of the causeway were not included in
the model domain. The Pictou Causeway was also represented by a closed boundary, as no bathymetric data were
available to model the circulation in the harbour west of the causeway. Flow into Pictou Harbour through the causeway
was represented by a positive discharge source. The values used to model flow under the causeway were somewhat
arbitrary (flow = 2.0 m3/s, velocity = 0.5 m/s). The values were varied during model calibration, but ideally actual

measurements of flow and velocity over several tidal cycles would be used to provide more accurate model input.
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Figure 4-4: Tidal elevations predicted for the duration of the model simulation across the boundaries.

4.1.3 Model Parameters and Calibration

Parameters used in the model simulation are reported in Table 7. The model simulation start time (Sept. 3, 2016, 2:00)
was chosen to overlap with observed currents and surface elevation, and to coincide with a high tide, for model stability.
The calibration simulation lasted for two days, and model parameters were optimized by comparing model results to

observations. The timestep (At) was chosen in order to minimize the Courant number, C, which was calculated based on

At

C= \/gxzmaxxA_x
where zmqax is the maximum depth for each model grid, g is gravity, and Ax is the model resolution. A grid-dependent,
velocity-based eddy viscosity scheme produced the best results. A constant eddy viscosity value, E, was calculated for each

model domain as such

2

E—OOZAX
T At

following guidelines in a Mike 21 manual (DHI Water & Environment, 2008). The bed resistance value was varied between
a Manning’s M of 32 m*3/2 and 48 m*3/2; a value of 44 m*/3/2 produced the most stable results. Effects of wind and

waves were not modelled at this time.
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Domain Resolution Courant Eddy Resistance Initial surface Timestep Drying Flooding

(m) Number  Viscosity (m*3/2 elevation (m) (s) Depth  Depth (m)
Ax (m2/s) Manning’s M) At (m)

1 9 5.70 0.32

2 27 2.51 2.92

3 81 1.17 26.2 44 0.5 4 0.01 0.02

4 243 0.43 236

5 729 0.15 2126

Table 7: Model Parameters.

4.1.4 Validation
The model was validated by simulating flow between Sept. 3, 2016 at 2:00 and Sept. 7 at 2:00 and comparing results to
surface elevation and currents measured by the ADCP, and assessing the two-dimensional circulation of flow throughout

Pictou Harbour.

The modelled surface elevation agreed well with the observed surface elevation, and exhibited an R? value of 0.92, Pearson
coefficient of 0.96, and homogeneous distribution of residuals (Figure 4-5). The modelled east-west currents agreed well
with the phase of the observations, but the model did not consistently simulate the observed variation in amplitude
between tides (Figure 4-6). This resulted in a moderate error analysis (R? =- 0.33, Pearson = 0.57, somewhat homogeneous
distribution of residuals). The model captured the large-scale nature of the north-south currents, predicting the amplitude
of the flood tide but predicting the phase wrong, and modelling some of the finer signals of the southern ebb tide well in
phase but under-predicting amplitude (Figure 4-7). The error analysis reflected these imperfections (R2 =0.12, Pearson =
0.34). Assessment of current speed and direction show a different perspective on the modelled flow. The model simulates
a consistent pattern from tidal cycle to tidal cycle, showing strong eastward current speeds on each ebb tide, followed by
slower westward current speeds on the flood tide (Figure 4-8). The observations, in contrast, show a greater deal of

variability between tidal cycles, although the general nature of the current speed and direction is represented.

Analysis of the depth-averaged ADCP current compared to the currents measured at all depths reveals that the water
column at the site of the ADCP exhibited a great deal of variability, often showing eastward flow at one depth, and
simultaneous westward flow at another depth (Figure 4-9 ). This type of flow structure is difficult to model accurately
using a depth-averaged, two-dimensional model; however, Figure 4-9 shows that when the flow was well-mixed, or
homogeneous throughout the water column and the depth-averaged flow was similar to the flow at each depth (e.g. Sept.
3, 9 PM-Sept. 4, 11 AM), the model simulated the observations well. When there was greater variability in flow between
the surface and the seabed and the depth averaged ADCP was not a good representation of average flow (e.g. Sept. 4, 11

APM-Sept. 5, 11 PM), the model did not simulate that depth-averaged flow well.

Applied Geomatics Research Group Page 41



Topo-Bathymetric Lidar Research to support remediation of Boat Harbour: Final Report

(m CGVD28)

Surlace Elevabon

Pictou Model

o
n

S
o

Modelled Surface Elevation
(=]

0.5 0 05

ADCP Surface Elevation

Figure 4-5: Modelled and observed surface elevation (upper panel), and error analysis (lower panels).
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Figure 4-6: Modelled and observed EW current (upper panel), and error analysis (lower panels).
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Figure 4-7: Modelled and observed NS current (upper panel), and error analysis (lower panels).
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Figure 4-8: Modelled and observed current speed (upper panel) and direction (lower panel).
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Figure 4-9: Modelled depth averaged current, observed depth averaged current, and currents for each depth as
observed by the ADCP. EW currents shown on upper panel, NS currents shown on lower panel.
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4.2 Modelling Results

The hydrodynamic model was successful in simulating tidal flow in Pictou Harbour (Figure 4-10 - Figure 4-12). During ebb
tide the flow of water outside Pictou Harbour is from north to southeast, following the bathymetry contours; water in the
back harbour flows northwest to exit the harbour, flowing faster in the deep channel (Figure 4-10a). Water flowing out of
the main harbour channel flows to the east and southeast (Figure 4-10b), and water near the outlet of Boat Harbour flows
north and then east, following the shoreline and joining the general flow pattern (Figure 4-10c). During flood tide, water
enters Pictou Harbour flowing north and west from the southeast, increases in speed in the deep, narrow channel, and
enters the back harbour (Figure 4-11a). The incoming tide near the outlet of Boat Harbour follows the 2 m depth contour
closely, eventually flowing north to enter Pictou Harbour (Figure 4-11b). Closer to the shore near Boat Harbour water

flows south towards the outlet at <0.05 m/s (Figure 4-11c).

Current speeds were highest in and near the channel, reaching 0.5 m/s along the axis of the channel; currents near the

outlet of Boat Harbour were slower, approximately 0.01 m/s during maximum ebb and flood flow (Figure 4-12).
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Figure 4-10: Water depth (represented by coloured contours) and velocity vectors (representing current direction and
speed) during a typical flood tide (Sept. 5, 7:00). Model grid shown is (a) Domain 1, the 9 m grid, with every 35" vector
plotted; (b) 9 m grid cropped to the northern lidar study area, with every 20" vector plotted; (c) 9 m grid cropped to
Boat Harbour outlet, with every 4" vector plotted. Note the different vector scale for each plot, and the different colour
scale for (c).
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Figure 4-11: Water depth (represented by coloured contours) and velocity vectors (representing current direction and
speed) during a typical ebb tide (Sept. 5, 14:00). Model grid shown is (a) Domain 1, the 9 m grid, with every 35 vector
plotted; (b) 9 m grid cropped to the northern lidar study area, with every 20 vector plotted; (c) 9 m grid cropped to
Boat Harbour outlet, with every 4" vector plotted. Note the different vector scale for each plot, and the different colour
scale for (c).
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Figure 4-12: (a) Surface elevation, with markers representing the time of the lower figures. Current speeds during ebb
tide (b,d) and flood tide (c,e) for the Pictou Harbour channel (b,c) and for the Boat Harbour outlet (d,e).
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5 Discussion and Conclusions

A topo-bathymetric lidar survey of Pictou Harbour conducted on September 7, 2016 was successful in penetrating the
seabed in the the study area, reaching a minimum elevation value of -4.8 m CGVD28. A data set from CHS consisting of 5
m multibeam data allowed the entire harbour to be covered in the study area, in particular, the channel where the lidar
did not penetrate. The multibeam data were compared to the lidar in areas of overlap, along with the RTK GPS, which was
validated as part of standard AGRG analysis. RTK GPS validation taken on land resulted in -0.14 m mean accuracy with a
standard deviation of 0.04m, bathymetric validation resulted in -0.17 m mean accuracy with a standard deviation of 0.25

m. CHS 5m multibeam validation resulted in a -0.03 m mean with a standard deviation of 0.3 m.

Ground truth data collected by AGRG with the help of Pictou Landing First Nation in August 2016 resulted in a thorough
collection throughout the study area, and were helpful in determining water clarity, bottom type and distribution of
vegetation throughout the area at the time of the ground truth survey. This dataset was presented on a series of maps
overlaid with the orthophoto mosaic. A seabed cover map was constructed from the aerial photos and the lidar derivatives

and validated using the ground truth data.

An ADCP was deployed for 35 days to measure water level and current speeds throughout a tidal cycle. A hydrodynamic
model was developed using topo-bathymetric lidar merged with the CHS multibeam data. The model was successful in
simulating the current flow, water level variations and water circulation within outer Pictou Harbour and near Boat
Harbour. A spatially varying bed resistance map could potentially improve model results, however, this can be
implemented for future model development. Flow measurements for Pictou causeway would provide more accurate
information to be used to model the flow through the causeway. The addition of wind to the model would likely not affect
the overall circulation, but in future models the wind speed should be added for completeness. Ground control points for
the southern portion of the study area would be useful for validating eelgrass distribution and the bottom type map for
this area. The model, combined with the other data derived from this project help determine a base line condition so that

in the future it can be compared when Boat Harbour is converted back to its natural setting as a tidal inlet.
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CONFIDENTIAL

Attention: Peter Oram, P.Geo.
GHD LIMITED

45 Akerley Boulevard
Dartmouth, NS B3B 1J7

Dear Mr. Oram:

Subject: Boat Harbour Remediation Planning and Design— Fish and Fish Habitat Baseline Review
WSP Canada Inc. was retained to complete an assessment of the freshwater and marine fish and fish habitat for the
Boat Harbour Effluent Treatment Facility located in Pictou County, Nova Scotia, to gain an understanding of the

current conditions in Boat Harbour. It is understood that GHD Limited is planning remedial action for Boat
Harbour and requires a baseline condition report.

This report summarizes the findings of the background freshwater and marine environment assessment of the
surrounding area on the proposed site.

Sincerely,

- \ 7,
=7 (i S
Brady Leights, B.Et., Dip.R.M., E.Pt. Christina Laflamme, M.Sc., EP
Environmental Technician Senior Biologist

WSP ref.: 171-10478-00

Dartmouth, NS, Canada B3B 1X7

T: +1 902-835-9955
F: +1 902-835-1645
wsp.com
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ensured, no guarantee may be given with regards to any modifications made to this document.
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1 FRESHWATER ENVIRONMENT

1.1 INTRODUCTION

This report summarizes the methods and results used to evaluate fish and fish habitat within the Boat Harbour
Effluent Treatment Facility (BHETF) study area freshwater environment by WSP biologists. Linear
watercourses, waterbodies and wetlands were identified and evaluated for the presence of fish habitat and
potential ability to support fish species. Field assessments were completed between August and November
2017.

1.2 DESKTOP REVIEW

Several studies have taken place previously at the BHETF located in Pictou Landing, Nova Scotia. Upon review
of the previous studies a data gap regarding the state of watercourses was identified. While some reports had
remarked on the state of the aquatic habitat of the Boat Harbour Stabilization Lagoon itself, the watercourses
entering the harbour remained largely un-assessed. The goal of the assessment was to map the geographical
position of all linear watercourses, waterbodies and wetlands, assess fish habitat of these identified features, and
assess suitability for salmonid species.

1.3 BASELINE PROGRAM METHODOLOGY

1.3.1 AQUATIC HABITAT ASSESSMENT

A desktop review and site reconnaissance was conducted at the start of the Project to identify the presence of
fish habitat within the Study Area. During the fish and fish habitat field program, each water feature (i.e., linear
watercourse, waterbody and wetland) previously identified was followed until it reached the Project boundary
or dissipated. If a watercourse became ephemeral in a section, effort was put forward to identify if and where
the watercourse reappeared above ground. In the case that a watercourse flowed through a wetland, identifying
the inflow and outflow was a priority, as well as characterizing the quality of the aquatic habitat in the wetland.

Once the total length of the watercourse located within the Study Area was established, assessors chose a
representative reach 150 metres (m) in length to complete the in-depth assessment. The aquatic habitat
assessment consisted of using a fish and fish habitat form developed from the guidelines and parameters
outlined by Department of Fisheries and Oceans (DFO) and the United States Department of the Interior in
association with the United States Fish and Wildlife Service pertaining to Atlantic Salmon (Salmo salar)
(Marshall et al, DFO, 2014) and Brook Trout (Salvelinus fontinalis) (Raleigh et.al, USFWS, 1982). The various
habitat components included in the fish and fish habitat form consist of:

e  Stream morphology (i.e., sinuous, regular meandering, irregular meanders, tortuous meanders, braided, or
straight)

e Watercourse type (i.e., large permanent, small permanent, intermittent, ephemeral, or a combination of
these)

e Riparian vegetation identification
e  Habitat types encountered (i.e. riffle, run, pool, flat, rapid, snye)

e Bank type (i.e., vertical, sloped, undercut, man-made, eroded)
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Substrate size: Fines (<0.0625 mm), Sand and small gravel (0.065-3.0 cm), Large gravel (3.1-6.4 cm),
Cobble (6.5-25.6 cm), Boulder (>25.6 cm), & Bedrock. These size classes generalized from the Wentworth
scale of rock particulate sizes. Substrate matter is measured on its rolling edge.

In-Stream cover (i.e., small woody debris, large woody debris, undercut banks, overhanging vegetation,
unembedded boulder and cobble, and aquatic vegetation)

Barrier observations: full, partial, temporary, or none

Water quality parameters: pH, water temperature, dissolved oxygen (mg/L and percentage), total dissolved
solids, salinity, and specific conductivity.

Percent pools and pool quality

Water velocity (m/sec)

Transect measurements: Bank-full and wetted widths, wetted depth, bank height, and percent
embeddedness.

GPS information about where transect measurements were taken (UTM coordinates zone 20T)

Weather information for the date assessed, and remarks on previous precipitation which may influence
wetted widths & depths.

Habitat suitability rationale based on the aforementioned parameters and general site information pertaining
to spawning, rearing, overwintering, and overall habitat quality.

Additional notes about the site.

Compounded with the in-field assessment, a qualitative description of fish habitat modified from the Standard
Methods Guide for Freshwater Fish and Fish Habitat Surveys (Sooley et al. 1998) was completed and tailored to
be more compatible with conditions at the BHETF site, as the main salmonid species that has potential for
occurrence at the site is Brook Trout, which is the most adaptable of the salmonid species. The habitat
parameters outlined by Sooley (1998) are tailored more towards Atlantic Salmon, however conditions on site
relate more to Brook Trout habitat, and are not likely preferred by Atlantic Salmon for most of the year, and
some parameters relating to Atlantic Salmon or other salmonid species are included where they are specific to
those species. Table 1 details the different types of fish habitat encountered at the BHETF.

Table 1: Fish Habitat Descriptions
TYPE

I

FISH HABITAT DESCRIPTIONS

Good salmonid spawning and rearing habitat, often with some large pools and abundant riffle sections.
Substrate is made up of mostly small and large gravels with some cobble interspersed. Dominant habitat
types are riffle and pool, as these features are important for Salmonid spawning and rearing.

II

Good salmonid rearing habitat with limited spawning habitat. Pockets of gravel, with adequate foraging
areas for adult and juvenile salmonids. Habitat types may include run, riffle, pool, snye or step pool.

I

Poor rearing habitat with no spawning capabilities. Fast flowing and turbulent water often categorized
by cascades, chutes, small waterfalls, substrate often consists of cobble, boulder, and bedrock. Lack of
pools.

v

Poor juvenile salmonid rearing habitat with no spawning capability. May provide shelter and foraging
areas for larger, adult salmonids. Sluggish or shallow flows, and substrate usually consists mostly of fine
materials. Poor pool development.

Poor habitat for salmonids of all sizes and age. Shallow, narrow streams with sluggish flow and possibly
dry sections. These watercourses usually don't have significant habitat upstream to create cause for
salmonid migration. Poor foraging areas, with substrate containing mostly fine materials. Inadequate for
salmonid spawning.
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1.3.2 WATER QUALITY

Water quality has a significant impact on the presence/absence of fish species. In general there are seven (7)
parameters that are analyzed: pH, dissolved oxygen, total dissolved solids, specific conductivity, salinity and
water velocity.

pH: This measures the amount of acidity or alkalinity found in a substance, a completely neutral pH is
measured at 7.0, any value less than 7.0 is considered acidic, and any value above 7.0 is considered basic
(alkaline). The optimal pH range for Atlantic Salmon in Nova Scotia is considered to be between 5.6 and
8.0. The Optimal pH range for Brook Trout is between 4.5 and 8.0. The type of acids found in a
watercourse (natural or inorganic) may alter the level of pH each species can tolerate.

Dissolved Oxygen: This parameter measures the amount of oxygen dissolved in the water, and can identify
areas where salmonid species may prefer or avoid. Dissolved oxygen levels for salmonid species are
considered adequate when levels of at least 9.5 mg/L are achieved for early life stage salmonids and levels
of at least 6.5 mg/L are achieved for all other life stage salmonids. Adult salmonid species can withstand
lower levels of dissolved oxygen for brief periods, but excessive exposure to dissolved oxygen levels less
than 5.0 mg/L is considered detrimental to their health.

Total Dissolved Solids: This is the calculation of the amount of solids found flowing in water. Readings of
150-500 mg/L are considered acceptable for salmonid species, as levels lower than this may reflect poor
productivity of benthic macro invertebrates, and levels higher than this are often linked to silt-loading or
significant local erosion.

Conductivity: This is the measurement of how easily electricity will pass through a substance, when
referring to water, this parameter is often measured in micro-Siemens per centimetre (uS/cm). When taken
in-field, this measurement can be used to determine the approximate quantitative amount of metals found in
an area. Further laboratory testing should be completed to fully understand the individual conductive
elements present in the substance. High conductivity readings may be an indicator of high total dissolved
solids in the water. Generally, conductivity readings of between 150 and 500 uS/cm are considered
acceptable for salmonid species. Measurements at BHETF were taken using Specific Conductivity, which
is a calculated parameter using conductivity and temperature. Specific conductivity was used because it is
easily comparable with data recorded in other parts of the world, or with reference streams. Specific
conductance is calibrated using both ambient temperature, and a conductance calibration solution. In
regards to the unit used to by the assessors (YSI 650 MDS), the temperature constant is set by
manufacturers at 25°C.

Salinity: This is the measurement of dissolved salts in a substance. The field unit used at BHETF does not
read true salinity, but uses an algorithm which includes conductivity and water temperature to calculate an
expected salinity level. Brook Trout can thrive in areas with salinity levels in water of 10 ppm, and can
acclimate themselves to water with 33 ppm salinity (sea water). This parameter was used mainly to identify
if areas of salt water intrusion were apparent in watercourses on site.

Water Velocity: This is the measurement of the speed of water flowing through an area. This parameter is
commonly measured in metres/second (m/sec), and is a significant factor of dissolved oxygen levels. Areas
with high velocity often have turbulent water, which creates higher levels of dissolved oxygen. Conversely,
areas with little to no water velocity often have low levels of dissolved oxygen and higher amounts of
settled out fine material in the substrate. An accepted resting water velocity for Brook Trout is <0.15 m/s,
however Brook Trout can be found in areas above or below this range. Areas of extreme water velocity
(>12 m/sec) may cause a barrier to all fish passage, and can increase habitat fragmentation. Areas with little
to no water velocity may have depleted levels of dissolved oxygen, which can be detrimental to aquatic
species. Velocity can effect species living in a watercourse to a heightened or lessened extent depending on
the amount of in-stream cover (typically boulder) found in the area.

Water Temperature: This is the measure of heat found in a watercourse, and is crucial for determining the
suitability of a watercourse for aquatic species. Most salmonid species prefer cold, clear water, with areas
of upwelling groundwater for spawning activities. Optimal temperature range for overall well-being of
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Brook Trout is believed to be between 11 °C and 16°C. The recognized maximum tolerable temperature
limit for Brook Trout is measured at roughly 24°C, although Brook Trout will likely begin to seek out new
habitat once water temperature hits 20°C.

WSP conducted the water quality assessment during the aquatic habitat assessments, and benthic macro-
invertebrate assessments. A field meter (YSI 650-MDS Multi-parameter) was used to measure dissolved
oxygen (mg/L and percent), pH, specific conductivity, salinity, total dissolved solids, and water temperature at
each sampling location. Care was taken by WSP’s field technicians to ensure the instrument was properly
calibrated, and that representative areas were chosen for water sampling (i.e. no samples were taken in white
water riffles, or stagnant pools, as levels of dissolved oxygen and conductivity may not be representative of the
watercourse.). Run-type habitat was used for testing when available with sufficient depth. At each sample
station the YSI was left in the watercourse for three to five minutes to ensure the instrument had adequate time
to settle on all parameters.

1.3.3 AQUATIC ECOSYSTEM CONDITION

Many species or groups of species of macroinvertebrates are diagnostic of certain kinds of aquatic habitats and
their water quality. They are known as indicator organisms. Indicator organisms become numerically dominant
under a specific set of environmental conditions. Stream organisms that exhibit adaptations to life in flowing
waters are indicators of healthy stream environments. These organisms exhibit clues that they are from
erosional substrates in stream environments. In contrast, organisms that live in depositional substrates (e.g.
pools of streams, sediments of lakes) have features characteristic of lentic environments, i.e. poor stream
environments.

The Order Diptera is made up of a diverse array of aquatic insects collectively known as the true flies.
Mosquitoes (Culicidae), phantom crane flies (Ptychopteridae), crane flies (Tipulidae), black flies (Simuliidae),
and non-biting midges (Chironomidae) are among the more well-known families in this order. Not unlike other
aquatic insects, this Order has at least one aquatic based juvenile stage who emerge as adults to breed and lay
eggs. This Order is related to slower moving, warmer water even though some families have adaptations for fast
water. In a general sense, an aquatic stream habitat dominated by Diptera may not be ideal for fish, and is likely
not in a reference condition. Heavily silted streams, with large amounts of organic matter, similar to conditions
found in lakes and ponds, are known for high abundance of Dipterans.

The Orders Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddis flies) are collectively
known as EPT taxa. As a group they show high adaptation for aquatic stream environments. These taxa are
largely intolerant of pollution and poor water quality. They are primary fish food and are heavily adapted for
clear running, non-silted stream habitats. In general, dominance of this group is indicative of high quality
aquatic habitat, both in terms of water quality, low disturbance, and as potential fish habitat.

Benthic sampling locations were chosen due to substrate composition, and the watercourses location on the site.
Watercourses were chosen in each section of the site, with preference given to watercourses with high
percentages of sand, gravel, and cobble in the substrate. Watercourses with excess amounts fine materials were
avoided for sampling due to preservation concerns and additional time finding and identifying individuals in
these sediment rich samples. Samples were collected using a timed-kick method with a net and stopwatch,
assessors kicked up substrate in a zig-zag pattern across the reach of the stream for 3:00 minute intervals at each
location. Samples were preserved in 10% ethanol and shipped to the Canadian River Institute’s CABIN
certified lab in Saint John, New Brunswick.

Samples will help to create a baseline data for benthic community health in the watercourses at the BHETF site,
and the EPT ratio may help to identify areas of either good or bad water quality as these taxa are indicators of
stream health. Total abundance of all taxa may also help to indicate watercourses suitability for fish, as benthic
macroinvertebrates are often preyed upon by freshwater fish species. This information is easily comparable to
any additional benthic sampling carried out in the future to compare and contrast with present conditions and
identify trends after remediation of the site is completed. Water velocities in the assessed watercourses were all
similar in swiftness, with sluggish flow, less than 0.3 m/sec.
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1.4 BASELINE CONDITIONS

1.4.1 AQUATIC HABITAT ASSESSMENT

A total of nineteen (19) watercourses were identified by technicians during both the desktop review and initial
site reconnaissance. Watercourses identified included two (2) ephemeral channels, thirteen (13) intermittent
channels, three (3) small permanent channels, and one (1) large permanent channel. Three (3) small drainage
corridors were also identified on site (see Figure 1, Appendix A). Fish species were visually observed in two
(2) of the watercourses on site, but only one of the two encounters resulted in a positive species identification.

The following is a description of each watercourse assessed at the BHETF. Watercourse field sheets are located
in Appendix B. Figure 2 (Appendix A) illustrates the fish habitat classification for each watercourse surveyed.
Limiting factors are described in each watercourse description to further explain how each assessment
classification was determined using factors that are known to be integral for salmonid habitat requirements.
Criteria considered “poor” are likely unfit for salmonids, while moderate and good scores are considered
adequate, or optimal parameters for salmonid species. Photos of each watercourse are provided in Appendix C.

WC-1: A small permanent watercourse found in the southwest section of the Project area with an average bank-
full width of 2.63 m. The assessed area is found between two wetlands, with a continuous defined channel. Fish
were observed in this watercourse, but not identified (likely stickleback species). A partial barrier was observed
in the reach, identified as an older inactive beaver structure. Substrate was dominated by small and large gravels
as well as cobble. Spawning potential in this watercourse was moderate due to the presence of constant flow,
and high amounts of gravels found in the substrate. Average depth was measured at 0.11 m, and the mix of
habitat types encountered was conducive to aquatic life. In-stream cover was available in various forms, with
undercut banks providing the most cover. Water quality parameters in this watercourse were considered
adequate for young Brook Trout, and possibly adult Brook Trout in times of higher flow, however none were
observed. An ATV bridge constructed of metal planks runs over the watercourse, but has no immediate impact
on the aquatic habitat. This watercourse was classified as Type II.

Limiting factors:

o  Water Temperature: 9.37°C, (Good)

e pH: 6.94 (Good)

e Dissolved Oxygen: 12.21 mg/L (Good)

e  Pool availability: Low-Moderate

e In-Stream cover: Trace-moderate

e  Fines in substrate: 25% (Moderate)

WC-2: This watercourse was classed as an intermittent channel, and water was mostly absent at time of
assessment. This watercourse runs in a mostly straight pattern for several metres before meeting a large wetted
pool, then dissipating into a wetland area before re-consolidating to a defined channel and flowing into another
large pool that is flow controlled by beavers. Beaver activity was apparent in various locations along the lower
reach of the watercourse. As such, water depths were greater in the lower section, with an average depth of 0.26
m. The channel runs into a large wetland at the downstream end of the assessed area. Cover was readily
available in various forms throughout the reach, with undercut banks, woody debris, and overhanging
vegetation as the dominant cover types. Habitat in the lower section of this watercourse may be useable for

young Brook Trout as rearing habitat, and possibly adult Brook Trout habitat in peak flow seasons, however no
fish were observed at time of assessment. This watercourse was classified as Type V.

Limiting factors:

o  Water Temperature: 12.59°C (Good)
e pH: 6.83 (Good)

e Dissolved Oxygen: 2.17 mg/L (Poor)

BOAT HARBOUR REMEDIATION PLANNING AND DESIGN WSP
Project No. 171-10478-00 September 2018
GHD LIMITED Page 5



e Pool availability: Low/ Moderate (habitat fragmentation)
e In-Stream cover: Trace

e  Fines in substrate: 100% (Poor)

WC-2A: Found in the South section of the Project area, this area is an extension of WC-2 after an
unconsolidated section running through a wetland area. This watercourse was classified as an intermittent
stream, with an average bank-full width of 0.84 m. Fines were the dominant media in the substrate, with low
amounts of gravels and cobble noted as well. Water depth was considered fairly deep compared to most of the
watercourses in the Project area, with an average depth of 0.26 m, and a maximum depth of 0.63 m. Water
quality parameters were all within range for salmonid species with the exception of dissolved oxygen which
was low (3.65 mg/L). Beaver activity was apparent in various sections throughout the reach, but appeared to be
inactive. This stream is bordered by mature forest on both sides, before entering a large wetland. A culvert was
noted on a road passing over WC-2A, and was mostly full of beaver sticks, creating a large pool upstream of the
culvert. No fish were observed at time of assessment. This watercourse is between Type II and Type 111, as
rearing habitat is available for young and adult Brook Trout if dissolved oxygen levels were more substantial.

Limiting factors:

o  Water Temperature: 15.71°C (Good)
e pH: 6.99 (Good)

e Dissolved Oxygen: 3.65 mg/L (Poor)
e Pool availability: Moderate-high

e In-Stream cover: Abundant

e  Fines in substrate: 100% (Poor)

WC-3: Found in the southern section of the Project area, this watercourse was classified as an intermittent
stream running in a sinuous pattern. The average bank-full width of the channel was measured as 0.77 m, with
an average wetted depth of 0.08 m, and dry sections were encountered by the assessors in several sections.
Substrate in this channel was a good mix of gravels and cobble, with some fines (20%) encountered. This
channel runs above ground for roughly 120 m before becoming ephemeral. Water quality parameters taken were
considered adequate for salmonid species, however access to this area is likely compromised due to dry sections
and ephemeral sections. Undercut banks were the most abundant form of instream cover, but the lack of wetted
width rendered them useless to fish at time of assessment. Habitat in this watercourse may be useable for early
life stage Brook Trout at times of peak flow throughout the year, but unlikely habitat most of the year, as access
to the most substantial areas of fish habitat are not easily accessible. No fish were noted at time of assessment.
This watercourse is classified as Type V.

Limiting factors:

e  Water Temperature: 13.42°C (Good)

e pH:7.12 (Good)

e Dissolved Oxygen: 6.62 mg/L (Moderate)
e  Pool availability: Low (poor depth)

e In-Stream cover: Moderate

e Fines in substrate: 20% (Moderate)

WC-4: Found bordering a large wetland in the southern section of the Project area is this small, mostly
ephemeral stream. The areas of channel apparent at the surface were found at the bottom of a hill, and the
channel was mostly dry, save for 0.03 m of water found at one transect. This watercourse ran in a mostly
straight pattern, and the channel lost definition entirely when it met an ATV trail. Substrate in the channel was
mostly fines, with some small gravels interspersed. Average bank-full width was measured at 0.97 m, without
substantial banks to keep water consolidated in the channel. Water quality parameters weren’t possible to assess
due to lack of depth in the channel, and no fish were noted at time of assessment. Not likely substantial habitat
for adult Brook Trout, although young Brook Trout could potentially use this area as rearing habitat in times of
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higher flow if they could traverse the unconsolidated channel sections. This watercourse is classified as Type
V.

Limiting factors:

e  Water Temperature: Dry (Poor)

e pH: Dry (Poor)

e Dissolved Oxygen: Dry (Poor)

e Pool availability: Low - None

e  In-Stream cover: Trace

e  Fines in substrate: 75% (Poor)

WC-5: An intermittent watercourse flowing from the south side of the site in a northern direction. This
watercourse runs from the Buck road, and empties into a pond. Gradient was considered quite steep for the first
30-40 m before the watercourse flattens and hits a pond with a flow control built by beavers. After this pond,
the channel becomes very narrow (bank-full width of 0.54 m) and runs through a hillside wetland area. Water
was absent in the upstream high gradient area, and average depth downstream was quite poor (0.03 m). The
flow controlled beaver pond found halfway through the assessed reach appeared to be the most suitable fish
habitat in the reach, but access to this pond is questionable. Several braids were noted in the channel after it has

left the beaver pond, increasing the difficulty for fish trying to traverse the area. No fish were observed at time
of assessment. This watercourse was classified as Type V.

Limiting factors:

e  Water Temperature: Lack of depth for reading

e pH: Lack of depth for reading

e Dissolved Oxygen: Lack of depth for reading

e  Pool availability: Low-Moderate (some pool areas, but inaccessible for fish at time of assessment)

e In-Stream cover: Trace-Moderate

e  Fines in substrate: 40% (Poor)

WC-6: An intermittent watercourse which flows in a sinuous pattern before reaching a confluence with WC-7.
Beaver activity was apparent in various sites form the headwater pond and continued through most of the reach.
Dry section barriers were observed in several locations, and the watercourse’s substrate consisted mostly of fine
materials, which are not favourable for salmonid spawning. Average bank-full width of this watercourse was
measured at 1.93 m, but the average depth was extremely shallow (0.04 m) and in mainly run with no pools.
Water quality parameters in this watercourse were considered adequate for salmonids, and young Brook Trout
could potentially rear in this area if they could access it, however there are several fragmentation features

between this channel, and the Boat Harbour Stabilization Lagoon. No fish were observed at time of assessment.
This watercourse was classified as Type IV.

Limiting factors:

e  Water Temperature: 15.23°C (Good)
e pH: 7.00 (Good)

e Dissolved Oxygen: 8.86 mg/L (Good)
e  Pool availability: Low (poor depth)

e In-Stream cover: Trace-Moderate

e  Fines in substrate: 75% (Poor)

WC-7: An intermittent watercourse which follows an irregular meandering pattern. WC-7 had an average bank-
full of 1.16 m, and an average depth of 0.04 m. This watercourse likely sees times of much higher flow during
spring thaw, and runs through a very well defined trench. WC-7 originates near the bottom of a steep hill, then
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flattens almost entirely. Substrate consisted mostly of fine materials, which are not ideal for salmonid spawning.
The watercourse lacks substantial foraging areas for fish, and dry section barriers were identified numerous
times during the initial assessment. Water quality parameters appeared to be adequate for salmonids at time of
assessment, however no fish were observed due to the large amount of fragmentation encountered throughout
the reach, in times of higher flow, this area may be suitable for young Brook Trout. Some in-stream cover was
noted in the channel, with overhanging vegetation being the dominant cover type. This watercourse is between
Type III and Type IV. WC-7 was identified as a former raw effluent discharge ditch, which may provide
evidence of degraded sediment in this watercourse's substrate, and could have potentially deposited chemicals
which are detrimental to aquatic species or water quality.

Limiting factors:

e  Water Temperature: 14.01°C (Good)

e pH:7.22 (Good)

e Dissolved Oxygen: 10.92 mg/L (Good)

e  Pool availability: Low

e In-Stream cover: Moderate

e  Fines in substrate: 80% (Poor)

WC-8: Found in the western section of the Project area, this watercourse is classified as an intermittent stream,
with an average bank-full width of 0.74 m, and an average wetted depth of 0.05 m. This watercourse
experiences severe silt-loading from an up-gradient clear cut found just above the channel, and was witnessed
firsthand by the assessors. Substrate in this watercourse was dominated by fine materials, with small amounts of
gravels interspersed. Small and large woody debris, undercut banks, and overhanging vegetation were the
apparent forms on in-stream cover at this site. Water quality parameters were considered adequate for salmonid
species, but access to this site may be compromised by a large wetland found downstream. Wetted width of this

watercourse was quite narrow (0.45 m), and it is unlikely that adult or juvenile salmonids could or would utilize
this habitat. This watercourse is classified as Type V.

Limiting factors:

e  Water Temperature: 13.6°C (Good)

e pH: 7.08 (Good)

e Dissolved Oxygen: 7.01 mg/L (Moderate)

e Pool availability: None

e In-Stream cover: Moderate

e  Fines in substrate: 85% (Poor)

WC-9: Found in the western portion of the Project area, this watercourse is classified as a large permanent
stream, with an average bank-full width of 4.99 m, and runs in a straight pattern before emptying into the Boat
Harbour Stabilization Lagoon. The wetland area upstream was once used as a settling pond for the BHETF, and
banks of this stream appear to have been modified from their natural form. A significant beaver structure holds
water levels approximately 0.75 m higher near the edge of the upstream wetland, restricting flow in the assessed
area. Substrate in this watercourse consisted of mostly of cobble and boulder sized rock, with fines interspersed
as well. Average depth in this watercourse was measured at 0.33 m, and a Three-spined Stickleback
(Gasterosteus aculeatus) fish was observed. Water quality parameters taken at this site were considered fair,

with the exception of dissolved oxygen which was low (3.98 mg/L). Juvenile and adult Brook Trout could
likely utilize this watercourse if dissolved oxygen levels were higher. This watercourse is classified as Type II.

Limiting factors:

o  Water Temperature: 18.57°C (Moderate)
e pH:6.75 (Good)

e Dissolved Oxygen: 3.98 mg/L (Poor)
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e Pool availability: Low-Moderate (possibly fragmented habitat)
e In-Stream cover: Trace-Moderate

e  Fines in substrate: 40% (Poor-Moderate)

WC-10: Found in th