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ABSTRACT

Ratsimandresy, A.W., Hamoutene, D., Law, B., Oldford, V., Salvo, F., Bennett, A. 2026. On the modeling
of waste deposition around deep aquaculture sites in Newfoundland. Can. Tech. Rep. Fish. Aquat. Sci.
3745: viii + 37 p. https://doi.org/10.60825/6et7-jx83

Finfish aquaculture in Newfoundland includes a grow out phase in open-net cages often set up in deep
fjord-like sites. With the expansion of the industry and the concern for environmental impact, two
coastal steep and deep sites located in the same bay were studied in order to analyze the deposition
associated with the farming activity. Ocean currents at various depths were measured for seven months
at one location close to each farming site. These currents together with weekly feeding data were used
to force the deposition model DEPOMOD which computed the dispersion and deposition of waste from
the farms. The modeled performance was assessed by comparing computed waste deposition to direct
deposition measurement obtained from programmable sediment traps and to seafloor video
observations. Our analysis of the model output shows that deposition can take place at a distance
greater than 500 m away from the cage array; however, the location of the deposition would vary
depending on the vertical resolution of the ocean current data used to force the model, thus leading to
a variation in the site footprint. Our findings show that DEPOMOD has important limitations in
reproducing the observed waste deposition at the coastal deep environment where finfish farms are
located in Newfoundland and in explaining the benthic survey observations. Consideration of
resuspension in the model run can also generate larger footprints. For instance, in the present study,
less than 2 % of the recorded current speeds were over the resuspension threshold; however, the
amount of deposition happening outside of a 1000 x 1000 m? domain changed from 6 % to 60 % of the
total expected deposition between the DEPOMOD run without resuspension and that with
resuspension, neither of the case runs explained the observed deposition.
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RESUME

Ratsimandresy, A.W., Hamoutene, D., Law, B., Oldford, V., Salvo, F., Bennett, A. 2026. On the modeling
of waste deposition around deep aquaculture sites in Newfoundland. Can. Tech. Rep. Fish. Aquat. Sci.
3745: viii + 37 p. https://doi.org/10.60825/6et7-jx83

Les activités de pisciculture a Terre-Neuve incluent une phase de grossissement de poissons dans des
cages suspendues a enclos ouvert installées dans une région profonde aux allures de fjord. Avec
I'expansion de I'activité et le souci d'impacts environnementaux, deux sites tres profonds situés dans
une méme baie ont été étudiés dans le but de comprendre les dépots associés a l'activité aquacole. Des
mesures de courants marins a différentes profondeurs ont été effectuées a une station pres de chaque
site pendant une période de sept mois. Ces données de courants océaniques combinées avec des
données hebdomadaires d'alimentation des poissons ont été utilisées comme forcage du modeéle de
déposition DEPOMOD pour calculer la dispersion et la déposition de déchets venant des fermes
aquacoles. Le résultat du modeéle est comparé aux observations recueillies a I'aide de collecteurs de
sédiments programmables et ceux venant de la distribution de la faune benthique afin d’évaluer la
performance du modeéle. Notre analyse des résultats du modele montre que les dépbts peuvent avoir
lieu a une distance supérieure a 500 m du site aquacole; par contre, les lieux de déposition peuvent
changer selon la résolution verticale des données de courants marins considérées comme forgages du
modele entrainant ainsi un changement de I’'empreinte du site. Notre étude montre que DEPOMOD est
trés limité pour simuler la déposition de déchets dans les environnements cotiers profonds ou les
activités de pisciculture a Terre-Neuve ont lieu et pour expliquer les observations de faunes benthiques.
L'inclusion du processus de resuspension dans la modélisation peut aussi générer un changement de
I’empreinte de I'activité menant a une empreinte plus large. Par exemple, pour cet étude, moins de 2 %
des vitesses de courant étaient au-dessus du seuil de resuspension de particules; cependant, la quantité
de déposition en dehors d’un domaine de 1000 x 1000 m? aux alentours du site variait de 6 % a 60 % de
la totalité des dépositions entre le cas de modéle sans resuspension et celui avec resuspension, aucun
de ces deux cas n’explique le résultat de la mesure de déposition effectuée.

viii


https://doi.org/10.60825/6et7-jx83

1. INTRODUCTION

Following the growth of global population and the demand for food, aquaculture has become an
important global source of protein and continues to expand (FAO 2018). The rapid growth of the
salmonid aquaculture industry has led to concern about the environmental benthic impacts associated
with fish farm activity (Broch et al., 2017; Keeley et al., 2019; Law et al., 2014; 2019, Rector et al. 2021).
These impacts are the result of waste from the farm cages sinking while dispersing within the water
column and settling to the seafloor (Chamberlain and Stucchi 2007). Modelling plays a role in
understanding where the waste settles to the seafloor (Cromey et al. 2002, Cromey and Black 2005,
Stucchi et al. 2005, Broch et al. 2017, Hargrave et al 2022). An assessment of the performance of a
model on specific conditions needs to be carried out before it can be used for any application of interest
(Page et al. 2023). This includes evaluation of its behavior in the region of interest, comparison of its
output with observations related to benthic impacts, and sensitivity analysis to help understand model
accuracy upon changes in the input variables.

From a regulatory perspective to complete a site licensing application, an estimation of the geographic
distribution of the deposition of biochemical oxygen-demanding matter (BOD) for flux values of 1, 5, and
10 g Carbon/m?/day is required by DFO’s Aquaculture Activity Regulations (AAR 2015). Furthermore,
there is a need to understand how the deposition of the waste is initially distributed on the seafloor in
order to quantify a relationship between benthic impacts and the deposition of waste. Deposition can
be measured by using sediment sampling via grab or core samplers (e.g. Chang et al. 2014, Keeley et al.
2019) or by using sediment traps to collect settling particles (e.g. Hargrave et al. 2022, Podemski et al.
2022; amongst others). Collection of sediment samples can only be carried out at discrete locations due
to the high cost (time and expense) of field work and their analysis. The other method to evaluate
waste deposition is to use deposition models. Page et al. (2023) did an extensive review of the different
models aiming to study deposition of aquaculture waste. Early models computed the horizontal distance
travelled by waste particles before deposition, using a horizontal current speed at one point and the
time necessary for a particle to reach the bottom (Silvert and Swoles 1996; Chang et al. 2012). More
recent complex models made use of a coupled hydrodynamic and particle tracking model (e.g. Broch et
al. 2017), the former computes the 3D field of water currents around a site and the later estimates how
the waste particles move following the 3D current information, while sinking to the seafloor. DEPOMOD
is one of the early models used to assess the deposition of waste associated with aquaculture activity
(Cromey et al 2002). Analysis to validate whether DEPOMOD can be used to study deposition of
aquaculture waste has been performed in Scotland and in several Canadian regions and for various
farmed species (e.g. Cromey et al. 2002 for Scotland, Weise et al. 2009 for shellfish, Podemski et al. 2022
for freshwater aquaculture) with the general conclusion that more study is needed in order to select
model parameters that lead to better simulation of the deposition and particle resuspension. In
Newfoundland, finfish aquaculture can take place in different coastal conditions including narrow and
deep bays (>100 m) with hard and patchy substrate, where the stratification of the water is seasonal
(Donnet et al. 2022, Donnet et al. 2018a, 2018b) and where the water circulation is complex
(Ratsimandresy et al. 2019); in this context, DEPOMOD needs to be further evaluated to validate
prediction of waste deposition to the seafloor for regulatory compliance (DFO 2014).

In hard dominated seafloor sites, visual monitoring has been used to document changes in benthic
conditions around Newfoundland finfish farms (Hamoutene et al. 2015, 2016, 2018; Salvo et al. 2017)
and showed a decrease in epibenthic taxon richness after production in the near-cage area as a result of
aquaculture activity. Evaluating the intensity of the effect is part of the AAR requirement (AAR 2015)



which stipulates that visual indicators of organic enrichment through video survey should not be
observed in more than 70 % of the locations specified in the monitoring standard in order for restocking
to be approved. In northern Norway fjord systems, Dunlop et al (2021) combined substrate and
biological mapping techniques based on remote sensing and low-cost towed camera to examine the
spatial patterns of benthic epifaunal community composition and spatial variation of organic enrichment
around farms. They concluded that the epifaunal distribution on mixed- and hard-bottom substrates is
impacted by farm-derived waste as well as by abiotic factors, such as current velocity, substrate type,
and seafloor type.

The objective of the present work is to discuss the performance of the deposition model DEPOMOD to
assess aquaculture waste deposition released from sites located in a deep fjord. This report is divided
into various sections: the first section describes the sites of interest, the field measurements which
include oceanographic data, benthic survey, and sediment collection using sediment traps, as well as the
model used in the study. The second section provides the results of the measurement and the different
model runs, followed by a discussion on the limitation of the use of DEPOMOD in a region with complex
water circulation. Finally, a summary of the results of the study and recommendations on the
characteristics of a model that would improve the analysis of waste deposition in the Newfoundland
region is provided.

2. MATERIAL AND METHODS
2.1.  SITE DESCRIPTION

The study was carried out in a long and narrow bay on the southern coast of Newfoundland, Canada.
Within the bay, two of the leases for finfish, Chaleur Bay (Site A, 7 km from the mouth) and Friar Cove
(Site B, 4.5 km from the mouth), were active. The bay is 11 km long and 1.2 km wide (at its widest part)
and runs mainly south to north but with various changes in orientation (Figure 1). It is a fjord like bay
with bathymetry as deep as 270 m. The Canadian Hydrographic Service; however, has a very limited
bathymetry data for the area; as such, detailed bathymetry in the bay is only available within the lease
areas as provided by our industry partner. The depth within the lease area at Site A ranges between 1
and 144 m while at Site B it ranges between 1 and 266 m (DFO 2022). The two sites were located over
patchy substrates (hard and soft bottom) according to the information provided by the industry partner.

2.2.  DATA COLLECTION

2.2.1. Oceanographic measurements
Two mooring lines containing various oceanographic instruments were placed near the aquaculture
sites (one south of each site, Figure 1). The lines were moored at a distance as close as possible to the
aquaculture cage arrays but far enough to avoid perturbation of the cage anchor lines onto the
oceanographic data measurements. The oceanographic moorings included two (Site A) and three (Site
B) Teledyne RDI Workhorse Acoustic Doppler Current Profilers (ADCP) to measure ocean currents for the
whole water column. For each line, two 300 KHz ADCPs were installed at mid-depth (72 m and 99 m
depth for Site A and Site B, respectively), with one ADCP looking up and the other one looking down in
order to measure ocean currents over the whole water column. The third ADCP at Site B was a
downward-looking 1200 KHz ADCP located relatively close to the seafloor to allow measurement of near
bottom currents (at ~257 m depth). The mooring lines collected measurements for seven consecutive
months from 27 February 2022 to 27 September 2022.

Vertical profiles of temperature and salinity were collected around the sites only at the time of the



mooring deployment and recovery. The measurements were carried out using a Sea-Bird Electronic
(SBE) CTD model SBE25plus instrument. These profiles gave information on the water structure in
winter (Feb) and fall (Sep) in the area. ADCP and CTD data were processed and quality checked as
described in Donnet et al. (2020) and Donnet et al. (2018a).

2.2.2. Sediment traps
Two programmable multi-bottle sediment traps were moored directly at the edge of the cage array, one
at each site, to collect near-field deposition (Figure 1). Each programmable trap was composed of 8
bottles and was programmed to collect depositing materials for a pre-determined period of time, 10
days in the present study, at specific dates as described in Table 1. Wide mouth bottles were used, each
having a 0.32 m? opening, a 2:1 in Width:Height ratio, a sealable top to prevent spilling, and a baffled
top to allow longer term collection (Law and Hill, 2019). Each bottle was filled with heavy salt water (50
ppm) and 10 % formaldehyde to both prevent spilling of particulate material once trapped in the bottle
and to fix samples to prevent biological growth. The sediment traps were deployed during the same
period as the oceanographic moorings.

The total flux measured by the trap was computed by dividing the weight of the dry material of the
collected suspended particulate material by the area of the opening of the trap, 0.32 m?, and by the
number of days the bottle was open for collection. The dry material was obtained from filtering a known
volume of suspended particulate material collected in each of the bottles of the sediment trap and
drying the filter at approximately 60°C for 24 hours. Glass fiber filters (i.e. 25 mm) type D were used for
all flux calculations. Three samples from each bottle were processed and used in the calculations to
determine and average flux value

2.2.3. Benthic survey
Benthic video monitoring was performed at the end of production, October 2022, following the protocol
established by regulatory and advisory documents (DFO 2012, Mabrouk et al. 2014). The video data is
the combination of two types of monitoring, one was the AAR monitoring completed along transects
extending from the cage edge at each corner of the cage array, and the second was along defined
transects at some distance from the cage array (but not exceeding a couple of hundreds of meters. Each
transect measured 100 m in length. Video footage was recorded using an underwater camera mounted
on an aluminum frame with a 50 cm x 50 cm quadrate and coupled to a GPS recorder (at the surface).
Still images were extracted from the video footage, converted into image files, and visually analyzed to
identify seafloor and taxa composition (counting also the number of species/groups of fauna and flora
present within the quadrate). The analysis was reported on a spreadsheet table which contains
information on station name, GPS coordinates, depth, substrate type, and presence or absence of
organisms. The dominant substrate types were defined as boulder, cobble, pebble, silt, and sand as
described in Wentworth (1922).

As in previous video monitoring studies carried out in Newfoundland (Hamoutene et al. 2018, 2017;
Salvo et al. 2018), the species or taxa were classified and grouped into high taxonomic level categories
by taking into account their importance in term of feeding strategy, dependence with depth, substrata

or shape. Those groups were adapted to the present study and abundance and diversity were recorded
from each still image. Abundance is given by the number of observed individuals per m? during the
survey without any distinction among species, while diversity is the number of different
species/taxa/groups observed from each still image.



2.3.  DEPOSITION MODELLING

DEPOMOD v2.2 (Cromey et al. 2002) was used to compute the spatial distribution of deposition in the
vicinity of fish farms in Scottish fjordic systems. DEPOMOD uses site characteristics (bathymetry, cage
location, husbandry information, and ocean current velocity) as input. It applies a Lagrangian method to
simulate the movement of particles throughout the water column as they are released from an active
aquaculture farm. The model has also been used in the study of benthic impact at salmon farms in
British Columbia, Canada (Chamberlain et al. 2005, Chamberlain and Stucchi 2007) and New Zealand
(Keeley et al. 2013). It consists of three modules.

The first module is the grid generation which is used to define the geographic domain where deposition
is computed. The size of the grid cells, the location of each cell, the depth which corresponds to the
center of the cells, and the total number of cells are specified in this module. DEPOMOD requires the
definition of a fine scale minor grid in the immediate vicinity of the cage area and a larger scale major
grid for areas further away. In the present analysis, these two grids had the same resolution with the
major grid being 99 x 99 cells and the minor one 98 x 98 cells. The resolution of the grid is set depending
on the size of the area to be studied, typical grid resolution is 10 m in both x and y direction with a
domain of interest covering an area of 1000 m by 1000 m. Bathymetry information from within the
aquaculture lease was linearly interpolated into the structured grid system. DEPOMOD is forced with
time series of ocean currents measured at one location. The current field is considered uniform over the
whole grid. In the vertical, DEPOMOD accepts timeseries of up to five depth levels. All input information
for the model is shown in Table 2.

The second module is the particle tracking module. This module uses particle information (water
content, digestibility, percent wasted, carbon content, and settling velocity of feed particles; carbon
content and settling velocity of feces) and cage information (size, depth, and amount of feed per cage)
to compute the dispersion and location where deposition of particles onto the seafloor takes place. The
different parameters defined in the particle tracking module are also presented in Table 2. Particle
information is taken from literature (Chamberlain et al, 2005, Chamberlain and Stucchi 2007, Chang et
al. 2014) and cage information from farm operator. Weekly feeding rates for each cage were obtained
from the operator and converted into daily values before their use in the model.

Ocean current measurement was carried out some distance away from the aquaculture cages to ensure
cage anchors did not perturb the ADCP signals. Since Site A is a bay presenting different orientations at
different locations (Figure 1), the measured current velocity is first adjusted to the orientation of the
channel at the location of the cage array. Hourly timeseries at five depth layers (the maximum number
of current information accepted by DEPOMOD) were extracted from the data and used in the calculation
of the deposition of waste falling from the cages. Considering the weekly feed information, the whole
period of interest was also sectioned into weekly periods for which the timeseries of ocean currents
were generated.

The third module is the resuspension module. This module computes the rate of deposition of particles
at each model grid cell depending on whether resuspension of the particles due to strong near bottom
current speeds is activated or not. In this version of DEPOMOD, resuspension is expected to occur when
near bottom current speed is faster than ~9.5 cm s (Cromey et al. 2002). In the present analysis, this
module was also run with resuspension activated to evaluate the potential for dispersion of aquaculture
waste farther beyond the cage array. In order to verify whether waste particles remain within the 1000
m x 1000 m grid (hereafter 1000-m domain), a test run was also carried out assuming a shallower
uniform depth (few meters below the shallowest currents used to force the model) for the whole



domain and comparing the total amount of deposition with that from original bathymetry. The total
amount of deposition at shallow depth provides information on the quantity of deposition one would
expect should everything be deposited directly underneath the cage array; a larger amount of
deposition than that computed using the real bathymetry translates into some particles being exported
outside of the 1000-m domain of study. The model was subsequently run with a coarser grid (20 m x 20
m for a study area of 2000 m x 2000 m) to study dispersion and deposition of particles outside of the
1000-m domain.

In addition to the weekly run of the model, deposition flux was also computed for the same periods as
the sediment trap data collection for comparison. The output of the deposition model was also
compared with observations from the benthic survey (diversity, abundance, and presence or absence of
bacterial mats).

3. RESULTS

3.1.  ENVIRONMENTAL CONDITIONS

Figure 2 illustrates the profiles of temperature and salinity for winter (February) and fall (September)
2022. The whole water column was well mixed in February. In September, a mixed layer of ~25-30 m
thick with temperature around 13°C, was observed below ~5 m depth with a ~50 m thick thermocline
lying underneath. Temperature below 75 m depth was ~3°C in winter and slightly above 2°C during fall.
Salinity in winter was ~32 within the whole water column except near the surface. In fall, a thin layer of
brackish water, less than 5 m thick, was observed in the top surface. Beneath the brackish water, the
salinity was above 31 and slightly increasing to ~32 towards the bottom.

3.2. CURRENT REGIME

Currents varied from the surface to the bottom. The main direction of the currents was along the
orientation of the channel (Figure 3 for Site A and Appendix for Site B). At similar depth, current speeds
were generally higher at Site B than at Site A. The maximum current speed measured at the nearest
depth from the bottom was 24.5 cm s and 18.5 cm s at Site A and Site B, respectively. At the
respective depth closest to the bottom, 2 % of the record at Site A (the value considered by DEPOMOD
as the threshold above which resuspension will take place); and 1 % at Site B showed speed over

9.5 cm s’t. The maximum duration the current speed was above this value was ~5 h at both sites. These
currents are expected to generate resuspension of the particles deposited at the seafloor before they
get resettled back. Table 3 summarizes the statistics of the ocean currents used to force DEPOMOD.
Mid-depths tended to show lower median speeds as well as lower observed maximum current speeds
than the near surface and the near bottom depths.

The total tidal contribution generally explains less than 12% of the variability of the currents with the
near bottom currents having 5% or less tidal contribution. When looking at the temporal variability, the
analysis of the data (Figure 4) shows monthly variability of the current speed at all depths for Site A. The
variability at Site A for the upper 30 m layer (near surface) is illustrated in Figure 4 and that of the lower
30 m layer (near bottom) in Figure 5. Stronger median current speed was observed in the upper layer in
March (4.6 cm s2), April (4.3 cm s?1), and September (4.3 cm s?) while lower median speed (3.6 cm s)
was observed In July. July current speed also experienced the lowest variability compared with the other
months (2.9 cm s ) as shown by the interquartile range, IQR (Figure 4). The observed maximum current
speed was lowest in July and highest in April and September. For the current speed in the lower 30 m
layer near the bottom (Figure 5), the median current speed was lower than that near the surface, the
highest monthly median speed was also observed in March (3.4 cm s) while the lowest in May



(3 cm sY). The current speed showed lower variability from the month of April to September (2.4 to
2.6 cm s1) and higher variability in March.

For Site B, the upper layer shows median speed between 4.9 and 5.9 cm s with the higher values
observed in winter and fall, similarly, current speed shows more variability in winter and fall. For the
near seafloor layer, median speed was between 1.8 and 2.1 cm s with higher speed and slightly higher
variability in September (Appendix 1).

3.3.  MEASURED DEPOSITION

Figure 6 and Figure 7 show photos of the sediment sample collected by each bottle at different dates for
the stations near the cage edge. Each sample corresponds to the period specified in Table 1. Analysis of
the chemical and biological content of the bottles is still ongoing but visually, one can see differences in
the amount of materials collected at each time and at each site. For Site A, bottle #1 (period around 12
Mar. 2022), and bottle #8 (27 Sept. 2022) collected more materials. Bottles #2 and #7 collected some
materials, and bottle #3 to #6 (beginning of May to beginning of Aug. 2022) collected a very small
amount of materials. For Site B, large amount of material was collected with bottles #1, 2,3, 7,and 8
while bottles #4 and 5 collected a very small amount of materials (Mid-May to end of June).

3.4.  MODELED DEPOSITION

3.4.1. 1000 x 1000 m? domain
Typical simulation using DEPOMOD is carried out considering the deposition occurs within an area
500 m away from the center of the cage array, in this case the model configuration covers an area of
1000 m x 1000 m, centered at the middle of the cage array, with a resolution of 10 m x 10 m. With
limited observed current speeds showing values above 9.5 cm s (1-2% of near bed measurements,
suggesting resuspension), the model was run without and with resuspension option. Figure 8 illustrates
the modeled deposition at Site A and Site B for the week of 10-16 April 2022 when forced with ocean
currents at five depth levels and without activating resuspension. The pattern of deposition followed the
direction of the channel. The highest deposition area was generally found around the cage array, with a
total amount decreasing away from the cage area. One can also observe patchy areas of very small
deposition farther away. Total solid deposition of 1 to 10 g m2, after one week, has been found at a
distance of 570 m from the cage array at site A and 510 m from the cage array at Site B. These amounts
are rather small but confirm the possibility of deposition at a distance greater than 250 m away from the
cages, a distance considered to be far-field. The amount of deposition under some cages was also small,
less than 2 g m™ after one week (cage in the southeast corner for Site A and the southernmost cages for
Site B), principally because these cages did not hold any fish during the simulated week. Total amount of
deposition under Site B was generally less than under Site A. The map also shows the possibility of some
deposition happening outside the 1000-m domain for site B (Figure 8).

To quantify the proportion of deposition occurring outside of the 1000-m domain, we compared the
amount of waste deposition with the expected total waste leaving the cages (Figure 9 and summarized
in Table 4). The result shows that the percentage of waste leaving the 1000-m domain varied in time,
with the variation not showing any specific seasonal pattern.

In spring, ~0.2 % (corresponding to 10 kg in weight for the specific week) or less of the total amount of
modelled deposition at Site A was found outside of the 1000-m domain except at the end of May/early
June 2022 when it was maximal and ~0.6 % (corresponding to ~33 kg) of the total. At Site B, the
amount of waste leaving the domain was generally less than 1.5 % (less than 50 kg in weight) while at
the end of May/early June 2022, ~6 % of the total waste (representing ~230 kg in weight) left the 1000-



m domain. With resuspension activated (Figure 20 in the Appendix), the percentage of waste leaving
the domain, at site A, was generally less than 20 % (~700 kg or less in weight) while the maximum
percentage of waste exported outside the 1000-m domain was ~60 % (corresponding to

~1600 kg in weight) and occurred mid-March. At the end of May/early June, ~25 % of the total
deposition (~1400 kg) ended up outside of the simulated domain. For Site B, the amount of waste
exported outside of the 1000-m domain was generally less than 4 % of the total deposition (< 75 kg in
weight) while the highest exported amount was found to be ~48 % (~750 kg in weight) occurring in Mid-
March. Note that the percentage and corresponding weight values are related to the amount of
deposition for the specific week, not for the whole period of measurement.

3.4.2. 2000 x 2000 m? domain
To assess how far from the cage array the deposition can occur, the model was run with a coarser grid
but larger area of study (20 m x 20 m grid making the study domain to 2000 m x 2000 m). Figure 10
illustrates the map of deposition from this coarser grid. As expected, the degree of details in the
distribution of the deposition computed using the coarser grid is generally lower than that computed
with the higher resolution model (Figure 9). The amount of deposition per square meter at each grid
point under the cage array computed using this coarser grid is generally lower than that computed with
the higher resolution model as the deposition tends to geographically spread within the surrounding
area. The map shows deposition happening farther away (~1000 m away on both directions) from the
cage for Site A and mainly towards the northwest part for Site B. Note that as with the 1000-m domain
case-run, the ocean current data used to force this lower resolution model came from the same one-
location measurement. Since DEPOMOD only allows current data from one location, the ocean current
field used to do the calculation is horizontally uniform at each depth. Therefore, the spatial variation of
the current field (in the horizontal) due to the bay configuration (winding channel) was not considered in
the calculation. Thus, the result can only be used to qualitatively estimate the possibility of deposition
outside of the 1000-m domain rather than to estimate the extent of deposition.

3.4.3. Varying the number of current levels (5-level vs. 3-level)
Simulation with three levels of ocean currents was also carried out to assess the effect of reducing the
resolution of current information in the vertical on the area of deposition. The simulations were
completed with 1000 m x 1000 m model domain. Figure 11 illustrates an example comparing the
footprint at Site B where the total deposition corresponds to the Canadian Aquaculture Activity
Regulation of 1-5 g C m2 d™* of deposited biochemical oxygen-demanding (BOD) matter. On week 15 (16
April 2022), the estimated footprint of the deposition of BOD matter is larger when computed using a
timeseries of five levels of current (29 000 m?) versus using three levels of current (15 000 m?). A similar
calculation was carried out every week from the beginning until the end of the period of measurement.
The comparison of the footprint for each week shows that the runs forced with three levels of currents
have smaller footprints than those forced with five levels of currents when the area of deposition was
small while it resulted in larger footprints when the area of deposition was large (Figure 12). The
maximum reduction in the area of deposition when using three levels of currents was ~27 % at Site A
(week of 21 Aug 2022) and ~90 % at Site B (week of 20 March 2022), and the maximum increase in the
area, when the deposition area is large, was 12 % at Site A (week of 19 Jun 2022) and ~9 % at Site B
(week of 12 Jun 2022).

3.5. COMPARISON BETWEEN SEDIMENT TRAP MEASUREMENT AND MODEL OUTPUT
The total deposition was computed for the same periods of collection by each sediment trap bottle for
comparison. Figure 13 compares the flux of deposition of material computed from the model with



1000-m domain with the collected organic matter using the sediment traps directly underneath the
edge of the

cage array. Both sites show a decrease in collected deposition from late February to early May 2022. The
rates of deposition of organic matter stayed low (under 1 g solid m2 d?) until mid-September when it
showed a slight increase.

As for the modeled deposition, the corresponding rates of deposition were low for Site B. By contrast,
Site A started with rates of the same range as the observation (4 g solid m2 d! for modelled rates and 3
g solid m?2 d* for observation on 12 March 2022) but on 22 March 2022, the model computed rates
similar to the previous date; subsequent rates were higher in early May and early August (~6 g solid m™
d!and above) and lower (~2 g solid m?2 d?) at the end of June. The modelled rates of deposition at Site
A were always higher than the rates computed from the observation.

3.6. COMPARISON BETWEEN BENTHIC STRUCTURE AND SIMULATED DEPOSITION

A total of 112 and 121 stations were surveyed for site A and site B, respectively. The main taxa that
were present are crabs, bottom shrimps, ball sponges, encrusting sponges and rearing forms, seastar,
ophirids, crinoid, anemone, Metridium sp (anemone), soft coral, seapen and serpulids. Figure 14 and
Figure 15 show the respective map of abundance and diversity observed during the benthic survey. No
species were observed at 20 % and 12 % of the surveyed stations for Site A and Site B, respectively.
About half of the surveyed stations in both sites showed one to five individuals per m? observed at each
monitored location. Seven (Site A) and 14 (Site B) stations had 5 to 10 individuals per m2. Also, only few
locations showed higher abundance with 15-20/20-25 observed individuals per m? (6 stations at Site A
and 10 stations at Site B).

In terms of diversity, the maximum number of taxa observed at each location was five (Site A) and seven
(Site B). Most of the locations had 1-3 taxa present within a 50 x 50 cm? area (in total 58 % and 54 % of
stations for Site A and Site B, respectively) with the lower diversity locations (only one or two different
species) found at the deeper part of the domain. Bacterial mats were only observed at 6 % of the
monitoring stations (7 out of 112 locations for Site A - four located at cage edge, and 7 out of 121
locations for Site B - all 7 located at the edge of the cage array).

When looking at the amount of deposition computed with DEPOMOD and its relation with observed
abundance around each site (Figure 16), one can see that deposition around Site A ranged from 0 to
~1800 g solid m? while that around Site B ranged from 0 to ~800 g solid m™. No clear correspondence
can be noted between the deposition and observed abundance. Fauna were observed at locations with
deposition ranging from 0 to ~800 g solid m2 in the vicinity of both sites. However, some locations with
deposition ranging from 0 to 1800 g solid m™ at Site A and ranging from 0 to 75 g solid m™ at Site B did
not show any observed species.

4. DISCUSSION

4.1. ENVIRONMENT CONDITIONS

The profile of salinity in the domain shows the presence of freshwater near the surface. The low salinity
water comes from freshwater run-off likely present from Spring to Fall, and is found only in the upper 5
m near the surface; such run-off is not present or is very minimal in Winter. In the fall, there isa ~35m
thick warm mixed layer and a thick thermocline (above ~75 m depth) combined with a low salinity in the
very thin layer near the surface. This suggests that the water in the upper 75 m is warmed by exchange
of heat from the surface, exchange of heat and warmer water from the shelf region and/or their



combination. Farmer and Freeland (1983) reported that water exchange between continental shelf and
fjords can happen at any depth from surface to bottom due to wind, tides, water density differences,
and internal processes. These processes together with the complex configuration of the fjord is
expected to affect the ocean current structure both horizontally and vertically and thus the deposition
of farming wastes. The effect changes depending on the season resulting in the ocean currents being
more dynamic in Fall (Donnet et al 2022). In their study of another bay in the same region, Donnet et al
(2022) also reported signs of layering processes throughout the year with more current pulse events in
the upper layer associated with the presence of stratification observed in summer. Our measurement
showed stronger currents in winter and in fall and weaker currents in summer at both sites with
different variability of the current speed in the vertical depending on the season (Figures 4, 5, 18, 19)
underlying the regional character of the oceanographic conditions.

4.2.  MODELLING WITH A 1000 x 1000 m? DOMAIN

Modeling the dispersion, sinking, and deposition of particles released from an open-net farm activity
presents various challenges, as it relies on information such as sinking velocity of particles released from
the cages and ocean currents that are used to transport the particles around and away from the cages
(Symonds 2011 and Bannister et al 2016) among others. Using the parameters defined in Table 2 and
the current measurements at the two sites, our calculation demonstrated higher deposition in the area
close to the cage array. This high deposition has been associated with fast sinking particles which are
mostly made up of feed waste (Chamberlain and Stucchi 2007), feed waste having higher density (in
comparison to feces) and having not absorbed water to sufficiently affect its density (Piedecausa et al,
2009) before reaching the seafloor. The amount of modelled deposition decreased with increasing
distance from the cage array and our results also showed that particles were exported outside of the
1000-m study domain, over some weeks, without any specific seasonal pattern, or whether
resuspension was activated or not in the model configuration. The maximum amount of deposition
exported much farther from the cage array was 0.6 to 6 % of the total deposition when the model was
run without resuspension. While studies such as Ali et al (2011) concluded the necessity to consider the
model with resuspension to study far-field deposition, our model run showed that as much as 48-60 %
of the falling particles could be exported outside of the 1000-m domain under the same consideration;
these maximum exports happened mid-March when a storm event with strong currents was observed
all over the water column. Previous Canadian studies carried out in British Columbia and in New-
Brunswick found that DEPOMOD tends to overestimate the amount of particle transport caused by
resuspension (Chamberlain and Stucchi 2007, Chang et al. 2012). This led Chamberlain and Stucchi
(2007) to consider simulations with resuspension unrealistic and Chang et al. (2012) to state that the
threshold current speed for resuspension (the 9.5 cm s speed) might be inappropriate for the
southwest coast of New- Brunswick. This might also be the case for the present model analysis of
deposition around deep-water farms.

In terms of comparing both sites, the modelled rate of deposition (Figure 13) at Site B was lower than
that at Site A. Food inputs at Site A were higher than at Site B (Figure not shown) and would have
resulted in higher waste amount leaving the net pens. Ocean currents at Site B were also faster in the
upper 100 m, leading to the falling particles being transported farther away from the release sources
during their sinking process and thus reducing the amount of deposition (and the corresponding rates)
computed directly underneath the cages at that site. These two factors and their combination would
explain the differences in the computed rate of deposition between the two sites.
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4.3.  MODELING WITH A 2000 x 2000 m? DOMAIN

To understand the deposition occurring outside of the 1000-m domain, simulation with a larger area
(2000 m x 2000 m) was required. DEPOMOD including a larger domain has a coarser grid system but
uses a one-point current data for the whole large domain and, by default, assumes uniform currents
everywhere within the domain of study. From this run, deposition occurring farther than 500 m away
from the site had a tendency to happen along one main direction with minimal effect due to the shape
of the channel. As ocean current field is known to be complex in fjord systems (Asplin et al. 2011, 2014)
and that the study area bay presents a winding channel with changes of orientation within the area
surrounding the cage array, it is expected that the ocean current field would be affected by these
features. Spatially variable currents will transport particles along the winding channel before they settle
to the bottom. Without a spatially varying current field used as forcing, although the model may be used
to compute the amount of particles released from the farm, the spatial distribution of the particles
deposition is not subject to the changes in the orientation of the channel and in the ocean currents
along the channel and may not happen at the right location. Assuming that ocean currents are uniform
everywhere in the domain by using a one-point current data to represent the whole field can be too
crude of an approximation (Asplin et al. 2011, 2014, Broch et al 2017). To better model particle
dispersion and deposition, one needs to have access to spatially variable ocean current field and the
model needs to accept these non-uniform currents (Page et al 2023).

4.4. MODELvs. MEASURED DEPOSITION

With respect to the comparison of the estimated model deposition with measured deposition from
sediment traps, discrepancy is observed with estimated deposition at Site A higher than the
measurements while it is lower at Site B (model deposition was ~1.3 times higher at the beginning to
~80 times higher by August 2022 for Site A and ~60 times lower at the beginning to ~15 times lower by
May 2022 for Site B). The total deposition near the cages computed by the model is related to the
amount of feed given to the fish which can change in time depending on the farm operator’s husbandry
practices. In contrast, the organic matter collected by the sediment traps, as per our measurement,
shows patterns not related to feeding practices, this would be explained by the presence of relatively
strong currents at some depth(s) which transported the particles away from the traps while sinking. As
the model can only use current information at maximum five depth levels, these strong currents might
not have been well represented in the model configuration. This discrepancy between the observation
and the model output suggests limitations in how the model simulates the dispersion and deposition
processes. Part of the discrepancy which is due to the model not considering the current variability is
explained further below.

The model assumes that the deposition process is driven by physics related to the presence of ocean
currents, ocean turbulence, and gravitation. Model simulations with three and five levels of currents
show differences in the geographic distribution of the deposition. Similar to other locations in the region
(Ratsimandresy et al. 2019), the ocean currents in this fjord present complex layering; thus the use of
few vertical levels of currents, to drive particle dispersion, does not consider the whole variability of the
ocean currents in the vertical which results in the sinking particles not subject to displacement caused
by the varying horizontal velocities present at different depths. Cromey et al. (2002) stated that good
deposition modelling would be achieved by using multiple layers of accurate current information. This
leads to changes in the horizontal transport at different layers before the particles reach the seafloor
(Nooteboom et al. 2020), and may result in a deviation from the observation of the location of
deposition.



11

Sinking rates of the waste particles are determined by many factors including particles property as well
as that of the water in which they settle: feed pellets get less dense the longer they are immersed
resulting in decreasing sinking rates (Piedecausa et al, 2009), larger feed pellets were reported to sink
faster than smaller one (Skgien, 2017, Skgien et al. 2016, Vassallo et al. 2006); the sinking rates for fecal
pellets also vary depending on the size class of the farmed fish with larger fish generally having larger
and lighter fecal pellets (Bannister et al 2016) resulting in slower sinking rates. The distribution of
particle sinking rates with respect to the type and size of particles released from aquaculture farm
operation was not quantified in our study. Page et al. (2023) did a review of the sinking rates that
previous studies have used for feed particles and for feces. They reported substantial variation with
values ranging between 2 to 17 cm s’ for feed particles and 0.7 to 10 cm s™ for fecal particles, the rates
can also vary depending on the size and mass of the particles in the same study. The selection of the
distribution of the sinking rates has an important effect on the period of sinking. Table 5 shows an order
of magnitude difference in the time necessary for particles to reach the bottom for different depths and
different sinking rates: fecal particles experiencing a sinking rate of 0.7 cm s take ~6 h to reach a 150 m
depth seafloor and ~11 h to reach a 270 m depth seafloor while for a fast sinking rate of 10 cm s%, the
time necessary to reach the seafloor is approximately 24 and 45 minutes for a 150 and a 270 m depth
water, respectively. In a region where the currents can rapidly change (in time and in the vertical), this
consequently affects how far particles are horizontally transported during the sinking process and thus
results in variation in the location of deposition. This will be the case for high and low energy sites
(Currie 2022).

Chang et al (2014) stated that when using resuspension process in the simulation of deposition with
DEPOMOD, the prediction tends to underestimate areas of elevated deposition rates. Keeley et al (2013)
also concluded that DEPOMOD might oversimplify the association between current flow, sediment
resuspension and ecological impact. Comparison with the result from Keeley et al. (2013) and Chang et
al. (2014) might not be straightforward, because their study was for sites with 27 to 40 m and for 26 m
depth, respectively, while the present model run was carried out at sites 150 and 270 m depth.
Nonetheless, it is expected that the association between current flow, sediment resuspension and
ecological impact is even more complex in such deep sites with complex current structure. With those
depths, and with a settling velocity of 8.3 cm s for feed particles and 3.2 cm s for feces, a free falling
particle will take 30 minutes (for feed) and 78 minutes (for feces) to reach the seafloor at Site A (54
minutes for feed and 140 minutes for feces at Site B). Thus, feed waste and excretion (as defined in
DEPOMOD) would be at the seafloor at most two hours and a half after release. During this period,
DEPOMOD uses simplified parameters/inputs: it assumes that the ocean currents were horizontally
uniform, that the variability of the currents in the vertical was represented by at most only five levels of
current timeseries, and that the waste particles sank with similar settling velocity distribution over the
whole water column. Given the differences between the DEPOMOD-computed deposition flux and that
measured by the sediment traps , we conclude that DEPOMOD lacks of the sufficient details to model
the deposition around sites in deep areas.

Given the limitation that DEPOMOD has in simulating dispersion and deposition of particles around sites
with a spatially complex ocean current field, other more complex models (or coupled models), with
higher grid resolution, might be more suitable in particular for winding fjords (Ali et al 2013). Broch et
al. (2017), for example, used a coupled dispersion model DREAM/3D-hydrodynamic model SINMOD to
predict waste deposition from aquaculture activity. An improvement of DEPOMOD, called
NewDEPOMOD, has also been developed (SRSL 2021); this newly redesigned model can be forced with
currents from 3D hydrodynamic model (e.g. FVCOM as in Rochford et al 2017) or with current
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observations at various locations. Some main features of NewDEPOMOD include the possibility to
compute far-field deposition using 3D variable current information in a variable seabed topography and
at high resolution. NewDEPOMOD, however, still needs considerable site-specific tuning in order to
model particle resuspension and transport (Fox et al. 2023)

4.5. VIDEO SURVEY

Richness and abundance of species around aquaculture farms are expected to be affected by the fluxes
of matter from the aquaculture activity (e.g. Kutti et al 2007, Keeley et al 2013, Hamoutene et al 2016,
Dunlop et al 2021). Dunlop et al (2021), in a study of three deep sites in Norway, showed that the
benthic epifaunal community composition is affected by the total particulate matter (TPM) flux. The
TPM fluxes were high near the cage and decreased farther away. They observed an increasing
abundance of lugworms and seastar as they get closer to the farms, while the density of sponges and
soft coral near the cages was relatively low. From our survey, no easily identifiable pattern was observed
for the geographic distribution of abundance and diversity. The survey did not show clear differences in
abundance and diversity of species between areas near the aquaculture cages and those farther away. It
is not clear whether this is due to the site being very deep, to the small area sampled (i.e. number of
videos and area covered by video surveys), to the patchiness of deposition and of the benthos type, or
combinations of all these conditions. While the composition and density of the sponges observed at the
Norwegian sites (Dunlop et al 2021) were considered rich and high, our survey showed low species
diversity and abundances with patchy distribution in the whole area similar to other aquaculture regions
in Newfoundland (Hamoutene et al 2015, 2016, 2018; Salvo et al 2017, 2018). The patchy distribution
might be an important factor in explaining the difficulty to find a clear relationship between species
abundance/richness and survey location; larger images (from the underwater camera) per station may
be required in order to disclose a better identification of species that will help overcome the difficulty to
interpret data in NL environments with such low density. The benthic sampling as designed can only
allow the detection of effects associated with end of production (anoxic conditions, presence of
indicators) and its limitation in identifying more subtle benthic changes has been documented (Salvo et
al. 2017; Hamoutene et al. 2018). In our study, leases were not fully stocked (not all the planned cage
area was used) and surveys were undertaken after one year and few months of production, therefore
visualization of effects may have been hindered by the fact that effects were more subtle and not
captured by the videos, or that the surveys did not occur in the locations where the deposition may
have occurred. Also any relation between species abundance and deposition cannot be concluded
either, given the potential shortcoming for DEPOMOD to geographically model the deposition.

Despite the above, the presence of bacterial mats directly underneath the edge of the cage indicates an
effect of the organic enrichment associated with the aquaculture activity (Hamoutene et al 2016).
Hamoutene et al (2016) have found such mats to occur mainly within 10 m from the cages and their
presence has been shown to reflect a shift in bacterial community composition as a result of organic
enrichment (Dowle et al. 2015, Salvo et al 2017). Salvo et al (2017) have found that the changes can
happen within one month of production.

From a regulatory point of view, the Canadian framework (the Canadian Aquaculture Activities
Regulations, AAR 2015) establishes that sites showing the presence of bacterial mats, aggregates of
opportunistic polychaete (OPC), and/or barren substrates in more than 70 % of the locations specified in
the monitoring standard are not to be restocked. Site A and Site B only had less than ~26 % of the
monitored stations showing bacterial mats or barren substrate thus they are fully compliant from the
AAR perspective.
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5. CONCLUSION

The analysis shows that DEPOMOD presents limitation in modelling accurately the dispersion and
geographic distribution of near-field deposition of waste particles around deep sites located in areas
with ocean currents having complex spatial variability. This is in part due to DEPOMOD accepting limited
information with respect to ocean currents used to force the model (this includes using current
measurements at only one location for the whole domain of analysis and allowing only a few vertical
current data measurements which does not consider the full vertical structure of the water column).
Consequently, it cannot reproduce distribution of far-field deposition either. Such limitations result in
the difficulty in anticipating the potential relationship between waste deposition around aquaculture
sites and benthic impacts. The use of more complex hydrodynamic-deposition model with realistic
ocean current forcing is recommended to study the geographic distribution of aquaculture waste in the
Newfoundland deep site context.
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TABLES

Table 1: Schedule for the programmable sediment traps for both Site A and Site B.

Bottle # Days of Collection Date (Mid Pt Collection)
1 10 2022-03-1212:00
2 10 2022-03-2212:00
3 10 2022-05-03 12:00
4 10 2022-05-1312:00
5 10 2022-06-24 12:00
6 10 2022-08-05 12:00
7 10 2022-09-16 12:00
8 10 2022-09-27 12:00
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Table 2: Parameter values used in the DEPOMOD model.

20

Grid generation module

Grid cell dimensions (major and minor grids)
Number of major grid cells

Number of minor grid cells

Material type
Release type

Particle tracking module

Particle information

Food water content

Food digestibility 90%

Food wasted as % of food fed (default value) 3%
Carbon as % of feed pellets (dry weight)
Carbon as % of feces (dry weight)
Settling velocity of feed pellets

Settling velocity of feces

Current velocity data

Current velocity layers

Turbulence model

Random walk model

Dispersion coefficient x 0.100 m? s

Dispersion coefficient y 0.100 m? s

Dispersion coefficient z 0.001 m? s

Particle trajectory model (default)

Number of particles (for each particle type, per
cage, at every model time step)

Trajectory evaluation accuracy (model time step)
Current velocity time step

Resuspension module

Number of loops for which to run the model
(Cromey et al. 2000)

Consolidation time of particles (default value)
Critical erosion threshold (non-adjustable)

10mx10m
99 x 99
98 x 98

Total deposition
Continuous release of feed

10%

90 %

3%

57%

33%

Mean 8.3cms, STD 1.5cm s
Mean3.2cms,STD 1.1 cm s

3-5 layers within the water column, regularly
distributed

Yes

0.100 m2s?
0.100 m2s?
0.001 m2s?

10

High (60 s)
3600's

4d
9.5cms*
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Table 3: Basic statistics of the currents at various depths for Site A and Site B for the period of 27 February 2022 to 27 September
2022. (*) Current directions have been adjusted to the direction of the channel where the cage arrays are located. Note that
currents did not show any specific main direction for Site B at 147 and 205 m depths.

Site A Site B
Depth | Median | Main Max Dir.* Depth Median | Main Max Dir.*
[m] speed dir.* speed max [m] speed dir.* speed max
[em/s] [cm/s] | speed [em/s] [em/s] speed
25 3.5 NNW,SE | 25.1 E 31 4.9 NNW, 35.2 NNW
SSE
55 3. NNW, 13. NW 89 3. NNW, 21.3 NWW
SSW SSE
84 3. NNW, 13.8 NNW 147 2.8 14.9 N
SWW
114 3.1 W,NWW | 16.9 SWW 205 3. 19.5 N
134 34 NW to 24.3 NNW 264 2. NNE, 20.0 SWW
SW SWto
SE

Table 4: Main findings summarizing the amount of deposition (in percentage and in weight) exported outside of the 1000-m
domain for runs with and without resuspension.

No resuspension
Most weeks Specific period/Outlier
Site Percentage Corresponding Period Percentage Corresponding
outside of the weight outside of the weight
1000-m domain 1000-m domain
per week per week
A <0.2% <10kg End May/Early | 0.6 % 33 kg
June
B <1.5% <50kg End May/Early | 6% 230 kg
June
With resuspension
A <20% <700 kg End May/Early | 25% 1400 kg
June
Mid-March 60 % 1600 kg
B <4 % <75kg End May 6 % 230 kg
Mid-March 48 % 750 kg




Table 5: Time [hour] necessary for a particle to fall from the surface and reach the bottom as a function of depth and sinking

rates.

Sinking rate 0.7 2 10 17
[em s
Depth [m]
150 5.9h 2.h 0.4h 0.25h
270 10.7h | 3.75h | 0.75h | 0.4h
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Figure 1: Map of the area showing Site A and Site B and the location of the measurements.
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Figure 2: Profile of temperature (left panel) and salinity (right panel) measured near Site A in February and September 2022.
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upper whisker limit, and the outlier data) in the near surface layer (upper 30 m) for Site A (left panel) and scatterplot of monthly
values of median speed and interquartile range, IQR (right panel).
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Figure 5: Boxplot of monthly current speed (showing the lower whisker limit, the first quartile, the median, the third quartile, the
upper whisker limit, and the outlier data) in the near seafloor layer (lower 30 m) for Site A (left panel) and scatterplot of monthly
values of median speed and interquartile range, IQR (right panel).
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Figure 6: Sediment collection at the edge of the cage array at Site A. Dates correspond to the schedule defined in Table 1.
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Figure 7: Sediment collection at the edge of the cage array at Site B. Dates correspond to the collection schedule defined in
Table 1.
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Figure 8: Map of total deposition [g solid/m?] for the week of 10-16 Apr 2022 for Site A (left panel) and Site B (right panel) as
computed using a 10 m x 10 m resolution grid. Also presented on the maps (polygons in light grey) are locations away from the
cage area where deposition is relatively small (< 0.1 g solid/m2).
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Figure 9: Weekly percentage of deposition exported outside of the 1000-m domain around the site related to the expected total
amount of waste deposition when no resuspension is considered. Upper and lower panel illustrate the percentage at Site A and

Site B, respectively.
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Figure 10: Map of total deposition [g solid/m?] for the week of 10-16 April 2022 for Site A (left panel) and Site B (right panel)
computed using a 20 m x 20 m resolution grid. Area delimited by blue dashed line represents the region of study which
corresponds to the 10 m x 10 m grid resolution. Red star marks are the location of the programmable sediment trap (0 m at the
cage edge and 1000 m away from the site). Also presented on the maps (polygons in light grey) are locations away from the
cage area where deposition is relatively small (< 0.1 g solid/m2).
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Figure 11: Map of Site B site showing the estimated footprints of BOD matter for the week of 10-16 April 2022. Note that the
color bar refers to the ~1-5 and 5-10 g C/m2/d as required by the AAR with the result not showing any flux above 5 g C(/m2/d .
Left panel is computed using three levels of current timeseries and right panel using five levels of current timeseries.
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Figure 12: Scatterplot showing the area which corresponds to the ~1-5 g C/m2/d footprint for three-level currents vs. five-level
currents. Left panel is for Site A and right panel for Site B.
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Figure 13: Comparison of rate of deposition between sediment trap collection and modelled result.
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Figure 14: Map showing species abundance (number of observed individuals per m? during survey without any distinction among
species). Upper panel shows abundance around Site A, lower panel abundance around Site B site. Survey was carried out in Oct.
2022. Small dots in black identify location where no species was observed.
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Figure 15: Map showing species diversity (number different species observed at each station). Upper panel shows diversity
around Site A, lower panel diversity around Site B. Survey was carried out in Oct 2022. Small dots in black identify location where
no species was observed.
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Figure 16: Abundance of individuals per transect as a function of the total deposition computed by DEPOMOD.

33



APPENDIX

Appendix 1: Currents at Site B

Appendix 2: Percentage of deposition exported outside of the 1000-m domain for model run with
resuspension.
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Appendix 1
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Figure 17: Current rose (rotated to follow the main direction of the channel) showing the distribution of current magnitude and
direction measured at selected depths (31, 89, 147, 264 m) for Site B representing the entire period of measurement. The sticks
represent the direction where the currents are heading.
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Figure 18: Boxplot of monthly current speed in the surface layer (20-40 m) for Site B (left panel) and scatterplot of monthly
values of median speed and interquartile range, IQR (right panel).
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Figure 19: Boxplot of monthly current speed in the near seafloor layer (257-264 m) for Site B (left panel) and scatterplot of
monthly values of median speed and interquartile range, IQR (right panel).
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Figure 20: Percentage of deposition exported outside of the 1000-m domain around the site related to the expected total
amount of waste deposition when resuspension is activated in the model configuration. Upper (lower) panel illustrates the
percentage at Site A (Site B).
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