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Foreword
This publication was prepared by the Quebec Ministère du Développement durable, de
l’Environnement, et de la Lutte contre les changements climatiques (MDDELCC) and by
Environment and Climate Change Canada (ECCC), with support from the Navigation
Consultative Committee. This publication is one of a series of dredging operations
management tools being jointly developed by ECCC and MDDELCC in accordance with
the Sustainable Navigation Strategy for the St. Lawrence.
The Sustainable Navigation Strategy was developed in 2004 by the members of the
Navigation Consultative Committee under Phase III of the St. Lawrence Action Plan
(1998–2003). As one of the challenges targeted by that strategy was to ensure the
implementation of integrated dredging and sediment management (D’Arcy and Bibeault,
2004), the Working Group on the Integrated Management of Dredging and Sediments
(WGIMDS) was mandated to develop an integrated dredging management approach for
the St. Lawrence. The Orientation Document on Integrated Management of Dredging on
the St. Lawrence River (WGIMDS 2004) establishes the basis of that approach and
proposes directions for improving dredging management processes.
Taking the effects of dredging activities on fish habitat into account is one of the 17
recommendations of the WGIMDS (2004). Studies conducted on dredging activities in
the North Traverse Channel (southeast of Île d’Orléans) have shown that open water
sediment disposal has had adverse effects on Atlantic Sturgeon populations (Nellis and
al., 2007; Hatin and al., 2007; McQuinn and Nellis, 2007). Through modelling studies
and field observations, the researchers have demonstrated that sediments disposed of
at the Madame Island disposal site were being transported by currents towards the
feeding grounds of juvenile Atlantic Sturgeon, causing significant changes to their
habitat, affecting the abundance and distribution of individuals in that area of the
estuary. Because these impacts were considered to pose a major threat to the survival
and recovery of the Atlantic Sturgeon population of the St. Lawrence River, the disposal
of dredged sediments at the Madame Island disposal site was prohibited in 2009.
In addition to habitat changes caused by long- and short-term sediment transport, the
significant increase in the concentration of suspended solids (SS) in the water column
has direct and indirect effects on aquatic life. One of the successor committees to the
WGIMDS, i.e., the Dredging Research Consultative Committee (DRCC), was charged
with developing the scientific framework required to establish SS management targets
associated with dredging activities.
This document presents the recommendations relating to SS management during
dredging and open-water disposal activities that were established through a
collaborative process following consultations with various dredging stakeholders. The
document is intended to provide dredging project managers and contractors with SS
management targets. Given the large number of dredging operations carried out in the
St. Lawrence River, this document is applicable primarily to that river and addresses SS
concentrations observed in it. The guidance presented here may, however, be applied to
dredging work carried out in other Quebec waterways.
This document does not deal with contaminated sediments, but rather presents targets
for minimizing the physical impact of sediment resuspension on aquatic life. For
Recommendations for the Management of Suspended Solids (SS) During Dredging Activities
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information on managing contaminated sediment, it is recommended that the following
documents be consulted: Criteria for the Assessment of Sediment Quality in Quebec
and Application Frameworks: Prevention, Dredging and Remediation (EC and MDDEP,
2007) and Ecotoxicological Risk Assessment of Open-Water Sediment Disposal to
Support the Management of Freshwater Dredging Projects (MDDEFP and EC, 2013).
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Abstract
The St. Lawrence River is a complex ecosystem whose properties change from its
headwaters to its outlet. Opened in 1959, the St. Lawrence Seaway allows ocean-going
vessels to travel from the Atlantic Ocean to the Great Lakes, a distance of more than
3200 km. To ensure safe navigation conditions, roughly 450 000 m3 of sediment are
dredged annually in the St. Lawrence. One of the major concerns associated with
dredging is the temporary increase in suspended solid (SS) concentrations, which can
pose a threat to aquatic life.
The surface water quality criteria adopted by the MDDELCC help protect aquatic life
from the harmful effects of suspended solids. These quality criteria are used, in
particular, to limit SS concentrations in wastewater effluents discharged into the
environment. SS management criteria specific to dredging activities have now been
identified, taking into account ambient SS concentrations observed in the St. Lawrence
and SS concentrations measured in dredging situations.
In clear waters (where ambient SS concentrations are generally below 25 mg/L),
average SS concentrations measured 100 m from the dredge and point of discharge
should not increase by more than 25 mg/L compared with ambient concentrations. At
300 m from the dredge and point of discharge, the increase should not be more than 5
mg/L compared with ambient concentrations. In turbid waters (where ambient SS
concentrations are generally greater than 25 mg/L), the average SS concentrations
measured 100 m from the dredge and discharge point should not increase by more than
100% compared with ambient concentrations, while at 300 m from the dredge and
discharge point, they should not increase by more than 25 mg/L compared with ambient
concentrations. The average SS concentration is measured over the daily dredging
period or, if dredging is continuous, over a period of 6 consecutive hours. These
management criteria are complemented by a series of targets associated with the
protection of sensitive areas and aquatic species, as well as industrial, commercial and
recreational uses.
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Résumé
Le fleuve Saint-Laurent est un écosystème complexe dont les propriétés physiques
changent d’amont en aval. Inaugurée en 1959, la voie navigable du Saint-Laurent, qui
s’étend sur une distance de plus de 3200 km, permet aux navires de haute mer de se
rendre de l’océan Atlantique aux Grands Lacs. Pour garantir des conditions de
navigation sécuritaires, un total d’environ 450 000 m3 de sédiments sont dragués
chaque année dans le Saint-Laurent. L’une des principales préoccupations liées au
dragage est l’augmentation temporaire des teneurs en matières en suspension (MES),
qui peut représenter une menace pour la vie aquatique.
Les critères de qualité des eaux de surface adoptés par le ministère du Développement
durable, de l’Environnement et de la Lutte contre les changements climatiques
permettent de protéger la vie aquatique contre les effets néfastes des MES. Ces
critères de qualité sont utilisés notamment pour limiter les concentrations de MES des
effluents d’eaux usées qui sont rejetés dans l’environnement. Des critères de gestion
des MES propres aux activités de dragage sont maintenant définis. Ils tiennent compte
des teneurs ambiantes en MES observées dans le Saint-Laurent et des concentrations
de MES mesurées en situation de dragage.
En eaux limpides (dont les teneurs ambiantes en MES sont généralement inférieures à
25 mg/L), les concentrations moyennes de MES mesurées à 100 m de la drague et du
point de rejet ne doivent pas augmenter de plus de 25 mg/L par rapport aux teneurs
ambiantes, tandis qu’à 300 m de la drague et du point de rejet, l’augmentation ne doit
pas être supérieure à 5 mg/L par rapport aux teneurs ambiantes. Dans les eaux turbides
(dont les teneurs ambiantes en MES sont généralement supérieures à 25 mg/L), les
concentrations moyennes de MES mesurées à 100 m de la drague et du point de rejet
ne doivent pas augmenter de plus de 100 % par rapport aux teneurs ambiantes, tandis
qu’à 300 m de la drague et du point de rejet, l’augmentation ne doit pas être supérieure
à 25 mg/L par rapport aux teneurs ambiantes. La concentration moyenne de MES est
mesurée pour la période de dragage quotidienne ou pour une période de 6 heures
consécutives si le dragage est continu. Ces critères de gestion sont complétés par un
ensemble de balises liées à la protection des zones et des espèces aquatiques
sensibles ainsi qu’aux usages industriels, commerciaux ou récréatifs.
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Introduction
In the Devonian period, 350 million years ago, the ancestor of the St. Lawrence River
cut a deep valley along the course of today’s river. That valley is thought to have been
exposed to at least four glacial periods during the Quaternary. When the last glacier
receded between 10 000 and 12 000 years ago, the depression was filled by the
Champlain and Goldthwait seas, which deposited clay in the deep waters and sand and
gravel along the shores. As the glaciers and seas receded, the rebounding of the earth’s
crust led to the formation of a new hydrographical network that became, some 7000
years ago, the St. Lawrence River (CSL, 1997) we know today.
The St. Lawrence hydrographical system, which includes the Great Lakes, covers some
1.6 million km2, making it the 13th largest in the world and the 3rd largest in North
America, after the Mississippi and Mackenzie rivers. It drains more than 25% of the
world’s freshwater reserves and influences the environmental processes of continental
North America. More than 30 million Americans and 15 million Canadians live in this
vast watershed (EC, 2012a).
The St. Lawrence is a complex ecosystem and its physical properties change from its
headwaters to its outlet. Consisting of lakes and freshwater reaches, a long estuary and
a gulf with marine characteristics, the St. Lawrence provides a vast range of habitats,
which, in turn, support a rich diversity of plant and animal life (EC, 2012a). The waters of
the St. Lawrence are recognized as having one of the lowest sediment loads of all of the
world’s major rivers (CSL, 1997).
The St. Lawrence is one of the longest commercial seaways in the world. Since it
opened in 1959, sea-going vessels have been able to reach the Great Lakes, travelling
a 3260-km route from the Cabot Strait to Lake Superior (EC, 2012a). In addition to
passenger and commercial ships, many fishing and leisure boats ply the St. Lawrence.
In order to ensure safe navigating conditions and maintain access to port infrastructure,
the navigation channel, port areas and marinas must be regularly dredged. Maintenance
dredging, which consists of removing the newly accumulated sediment layer to counter
the river’s natural tendency to re-establish its original profile, is often subject to annual,
5- or 10-year planning (CSL, 1997). Approximately 450 000 m3 of sediment are dredged
every year in the St. Lawrence (Lalancette, 2001; Ricard and Saumure, 2003). In the
fluvial estuary, the average volume of sediment dredged as part of each project totals
more than 24 000 m3. The Gulf and Magdalen Islands account for close to two thirds of
the dredging projects in the St. Lawrence system, but represent only one third of the
dredged volumes (CSL, 1997).
While essential to navigation, dredging activities1 are not without consequences for
aquatic life. One of the main concerns is the temporary increase in suspended solids
(SS) concentrations caused by dredging activities. High SS concentrations and/or
prolonged exposure to SS may have adverse effects on the most sensitive species.
Depending on the SS concentration and duration of exposure, the severity of these

1

In this document, the term “dredging operations” generally refers to activities conducted both at the
dredging site and at the dredged sediment disposal site.
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effects on aquatic organisms ranges from simple changes in behaviour, to physiological
changes, to death (Bilotta and Brazier, 2008; Wilber and Clarke, 2001).
To protect aquatic life from the acute and chronic effects of SS, the MDDELCC has
adopted the Canadian Water Quality Guidelines (MDDEFP, 2013; CCME, 2002). These
quality criteria serve as objectives to be met in the natural environment immediately
downstream from wastewater discharges.
In dredging situations, SS are generated by the resuspension of sediment present in the
riverbed. Their dispersion downstream from the work site depends not only on climatic
and hydrodynamic conditions in the environment, but also on the operational factors of
dredging. SS management targets specific to dredging must therefore be identified in
order to ensure that best practices are implemented to minimize the impact of SS on
aquatic biota. This document will be particularly useful in the development of SS
monitoring protocols for dredging activities.
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1. Problems associated with suspended solids
1.1 Effects of SS on aquatic life
SS present in surface waters consist of variable proportions of silt, clay, organic and
inorganic fine particulate matter, soluble organic compounds, plankton, and other
microscopic organisms (CCME, 2002). These solids are present in rivers and streams in
varying concentrations depending on the nature of the environment, input from the
watershed, and seasonal variations. Environmental disturbances, whether natural (wind,
rain, currents, tides, erosion, etc.) or anthropogenic (wastewater discharges, navigation,
dredging, erosion of areas disturbed by human activities, etc.) can generate abnormally
high SS concentrations. If they persist, they can pose a threat to aquatic life, as they
have direct effects on the physical environment and organisms, in addition to indirect
effects on various elements of aquatic life (Table 1).
Increased SS concentrations in water generally causes increased turbidity. Turbidity is
the cloudiness or haziness of fluids caused by the presence of substances, whether
dissolved substances that colour the water, such as humic acids, or suspended particles
of various sizes. Turbidity is a measure of the lack of water clarity or transparency and
results from the optical properties of substances in the water that cause the diffusion or
absorption of light. The effects of turbidity on the aquatic environment are related to
reduced light penetration in the water column. A high level of turbidity reduces
photosynthesis and the ability of fish and other aquatic organisms to see and capture
food. Over the long term, the indirect effects of turbidity are felt on the entire food chain
(decrease in primary and secondary productivity) and lead to inhibited growth in affected
organisms (CCME, 2002).
In addition to effects associated with turbidity, increased SS concentrations have direct
effects on aquatic organisms, including the abrasion of photosynthetic and respiratory
organs, the clogging of gills, and the dislodging or smothering of benthic organisms or
eggs. When SS deposit on the bottom, the substrate becomes unstable. They can coat
the streambed and lead to the degradation or destruction of microhabitats. Newly
deposited sediment may also move well beyond the area of deposition and significantly
modify habitats, thus affecting benthic productivity and, as a result, fish feeding. This
type of impact has been reported in studies on the Atlantic Sturgeon of the St. Lawrence
estuary (Nellis and al., 2007; Hatin and al., 2007; McQuinn and Nellis, 2007). The
Salmonidae family, which includes the most popular recreational species, is particularly
affected by habitat degradation caused by silting and increased turbidity. This also
appears to be the case for several species of the Castomides family (Vachon, 2003),
including the Copper Redhorse (Moxostoma hubbsi), which has been designated
endangered under the Species at Risk Act (SARA) since 2007 and threatened under the
Quebec Act respecting threatened or vulnerable species since 1999. While no
laboratory studies have been done on the effect of silting and turbidity on the Copper
Redhorse, the species seems to be very sensitive to these disturbances. A lithophilous
spawner and specialist benthivore, it has similar characteristics to other species whose
sensitivity to siltation and increased turbidity is known (Vachon, 2003).
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Table 1 : Summary of the main effects of SS on the aquatic environment *
Direct effects

Repercussions on aquatic
life

Increased SS concentration in the water
column

Alteration of the water’s physical properties
 Reduced light penetration
 Degradation of the water’s optical quality: vision problems
 Increased water temperature due to photon absorption on particles

Abrasion by particles
 Damage to photosynthetic organs and periphyton
 External injuries, infections (notably fungal) in invertebrates and

fish
 Damage to and/or obstruction of invertebrate and fish respiratory

reduction in primary production
and in the release of dissolved
oxygen; impact on the entire
food chain
 Behavioural

changes (SS
plume avoidance, migration,
predation) and physiological
changes (increased stress,
difficulty breathing, etc.)

and filtering organs: asphyxia
 Stripping of the riverbed: dislodging and drifting of benthic

organisms and exposure to predation
Covering and clogging
 Covering of aquatic habitats, particularly spawning beds, by a layer

SS sedimentation

 Inhibition of photosynthesis,

of sediment and smothering of eggs by a decrease in vital metabolic
exchange (supply of oxygen and nutrients, evacuation of metabolic
waste)
 Reduced concentration of dissolved oxygen within the substrate
 Smothering of benthic organisms with reduced mobility

Physical disturbance of riverbeds
 Modifications to the composition of the riverbed substrate
 Reduced bottom permeability and stability of the riverbed

 Reduced

growth
and
recruitment rates (transition
from juvenile to adult stage)
 Decrease in the introduction

of new benthic organisms
 Change

in
species
abundance
and
diversity,
impacts on food webs
 Reduced survival rates in

fish during the transition from
egg to fry

 Decrease in microhabitats
* The effects of SS presented above do not include the effects of nutrients or pollutants that may be
associated with suspended particulates. When SS transport nutrients or pollutants, the effects of these
substances must be considered in addition to the physical effects of SS. Nutrients associated with
suspended particulates contribute to the enrichment of waterbodies and may lead to their eutrophication,
reduce the rate of dissolved oxygen and promote the development of anoxic areas. When SS are
contaminated by toxic substances, they can contribute to the degradation of water quality, cause toxicity in
aquatic organisms and contribute to bioaccumulation and biomagnification in the food chain.
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Factors influencing the effects of SS on the aquatic environment
The effects of SS on the aquatic environment depend on many factors, such as the
intrinsic characteristics of the particles, the hydrodynamic, physical and chemical
conditions of the environment, the vulnerability of species present, the SS concentration
and the duration of exposure.
Intrinsic characteristics of particulates
The settling rate of suspended particles depends on their diameter, density, and
chemical properties, particularly their ability to flocculate, and on environmental
variables. Clay and silt particles, which are less than 62 μm in diameter, deposit more
slowly than larger particles. Their settling rate generally varies from less than 0.01
mm/sec to 3 mm/sec and their long residence time in the water column favours their
downstream transport (CCME, 2002). As a result, these fine particles that remain
suspended in water for a longer time will have a more long-term impact than larger
sediments that settle quickly (Bilotta and Brazier, 2008). Conversely, organic SS
containing nutrients such as phosphorus are quickly assimilated by aquatic organisms,
reducing their presence in the aquatic environment and thus their physical effects on the
environment (Clarke and Wilber, 2000). Nonetheless, such particles contribute to
nutrient enrichment of the environment.
The size, angularity and hardness of the particles play an important role in the type of
impact SS have on aquatic organisms. Particles smaller than 75 μm (clays, silts and
very fine sands) are generally responsible for clogging respiratory organs. Due to their
small size, they can enter the gills of fish and become lodged between the gill lamellae.
Larger particles, varying in size from 75 μm to 250 μm (very fine to fine sand), are
directly associated with the abrasion of respiratory organs (Newcombe and Jensen,
1996).
Hydrodynamic and physicochemical conditions of the environment
The hydrodynamic and physicochemical conditions of the environment influence both
the behaviour of SS and the response of organisms. Temperature in particular can alter
the biological functions of aquatic organisms. When water heats up, the amount of
dissolved oxygen is reduced, which can affect the rate of respiration. In cold water, the
slowing of metabolism can also increase the vulnerability of certain species. The
inhibition of cough reflexes and the decrease in ventilation rates reduce the capacity of
fish to clear the gills of particles (CCME, 2002). In addition, the temperature of water
has an effect on its viscosity. In warm water, which has lower viscosity, SS will settle
more quickly, but their dispersion is also quicker (Pye, 1994). Combined with increased
flow (strong currents, freshets, etc.), a rise in water temperature may lead to significant
dispersion of SS in the aquatic environment.
Vulnerability of species present
The severity of the effects varies depending on the species present in the environment
and the vital biological functions that differentiate them (mobility, feeding mode, growth
stage, reproduction, etc.). Some species, particularly estuarine species, are more
tolerant of high SS concentrations since they have adapted to them. SS concentrations
in estuarine environments are naturally higher than in other habitats (Pye, 1994).
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Bottom-dwelling fish can cause sediment to be put back into suspension as they dig in
the substrate in search of food; they must therefore be relatively tolerant of high SS
concentrations. Some organisms benefit from the presence of SS as an additional
source of nutrients (Clarke and Wilber, 2000). The continual presence of an increased
SS load can cause changes in biodiversity, i.e., a shift in dominance from more sensitive
species to less sensitive species. For example, in streams characterized by high SS
concentrations, dominant taxa in the orders Ephemeroptera (mayflies), Plecoptera
(stoneflies) and Trichoptera (caddisflies), collectively known as EPT, may be replaced
by other less sensitive taxa of the benthic assemblage (USEPA, 2006).
The most adverse effects of SS are felt by organisms with little or no mobility, which are
more vulnerable to being buried or smothered by particles that settle on the riverbed.
While avoidance of the sediment plume caused by dredging or open-water disposal
operations is common in adult fish, larvae, eggs and fixed communities (benthic
invertebrates, corals and aquatic plants) cannot move as easily as fish and are more
subject to the impacts of increased SS concentration (CCME, 2002).
The tolerance of aquatic organisms to SS also varies according to their biological
development stage. For example, the eggs of lithophilous species (such as trout,
salmon and char) are highly vulnerable to increased SS concentrations, particularly the
deposition of sediment, which risks covering spawning grounds, as they are established
on rock or gravel. The reproductive success of these species could decline significantly
if the increase in SS concentration occurs during the incubation period, leading to an
increase in egg mortality. Most fish species are sensitive to this phenomenon, with
salmonids being the most sensitive. The same phenomenon is observed in aquatic
invertebrates, with the early life stages being more severely impacted by sediment
deposition than the adult stage (Bilotta and Brazier, 2008).
Duration of exposure and SS concentration
The intensity of the effects of SS on aquatic organisms depends on the SS
concentration and the duration of the exposure of the organisms. Generally, the higher
the SS concentration and/or duration of exposure, the greater the likelihood of adverse
effects. The duration of exposure determines whether the effects are reversible after a
return to ambient SS concentrations. This is generally the case for behavioural effects
(SS plume avoidance, for instance) and, to a lesser degree, for sublethal effects
(physiological stress). In extreme conditions (high SS concentrations and long-term
exposure), there may be a change in species abundance and diversity (Bilotta and
Brazier, 2008; CCME, 2002 and Wilber and Clarke, 2001). Table 2 presents examples
of the scope of effects observed at various SS concentrations and exposure durations.
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Table 2 : Effects of SS on three species of salmonids and on benthic invertebrates
(Newcombe and MacDonald, 1991; Bilotta and Brazier, 2008)
Species

Arctic Grayling
(Thymallus
arcticus)

Rainbow

SS
concentration
(mg/L)

Duration of
exposure

Observed effecta

Referenceb

25

24 h

6% mortality of sac fry

Reynolds and al.,
19881, 2

65

24 h

15% mortality of sac fry

Reynolds and al.,
19881, 2

100

1008 h
(42 d)

6% reduction in growth rate

McLeay and al.,
19841

66

1h

Avoidance behaviour

Lawrence and
Scherer, 19741

90

456 h (19 d)

5% mortality of sub-adults
(immature)

Herbert and
Merkens, 19611

37

1440 h
(60 d)

46% reduction in egg-to-fry
Slaney and al., 19771
survival

57

1440 h
(60 d)

23% reduction in egg-to-fry
Slaney and al., 19771
survival

171

96 h (4 d)

Histological lesions

Goldes, 19831

110

1440 h
(60 d)

98% egg mortality rate

Scullion and Edward,
19801

8

1440 h
(60 d)

Up to a 50% reduction in
biomass

Rosenberg and
Wiens, 19781

62

2400 h
(100 d)

77% reduction in
abundance

Wagener and
LaPerriere, 19851

Trout
(Oncorhynchus
mykiss)

Brown Trout
(Salmo trutta)
Benthic
invertebrates

a

The observed effects are a function of the operating conditions of each study (biological characteristics of
organisms, physical and chemical characteristics of particles, water temperature and salinity etc.) and are
therefore variable.
b The complete references for the studies cited are available in 1: Newcombe and MacDonald, 1991; and 2:
Bilotta and Brazier, 2008.

1.2 Quality criteria for the protection of aquatic life
To protect aquatic life, the MDDELCC has adopted quality criteria regarding SS and
turbidity (Table 3) in surface waters (MDDEFP, 2013). These quality criteria are used to
set wastewater effluent discharge objectives based on the sensitivity of environment to
limit SS input into the receiving environment.
The quality criteria for SS apply to freshwater, estuarine water and seawater and take
into consideration two factors: (i) the hydrodynamic regime (clear or turbid flows), which
influences the rate of SS resuspension and dispersion, and (ii) the duration of exposure
(acute or chronic effect). The terms “clear flow” and “turbid flow” are used to describe
the portion of a hydrograph when suspended sediment concentrations are low (e.g. < 25
mg/L) or relatively elevated (e.g. > 25 mg/L). The recommended transition value (25
mg/L) was selected by examining the hydrographs for a number of streams in British
Columbia and is intended to provide that province with an operational definition of clear
flow conditions (Caux and al., 1997).
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Table 3 : Quality criteria for the protection of aquatic life with respect to SS (and turbidity)
(MDDEFP, 2013)

In clear
water

Acute effect

Chronic effect

increase
of
25
mg/L
(8 nephelometric turbidity units - NTU)
from the naturala or ambientb concentration,
as applicable.

Maximum average increase of 5 mg/L (2
NTU) from the naturala or ambientb
concentration, as applicable.

 Maximum

 Maximum increase at any time of 25 mg/L

(8 NTU) from the ambient concentration
when it is between 25 and 250 mg/L
(between 8 and 80 NTU).

In turbid
water

 Increase

of 10% from the ambient
concentration when it is more than 250
mg/L (more than 80 NTU) measured at any
given time.
a The natural concentration corresponds to the SS concentrations in an environment not affected or slightly
affected by human development. In watersheds subject to significant human pressures, the natural
concentration refers to historic concentrations prior to human pressures.
b The ambient concentration corresponds to the SS concentrations in a given environment and that are not
influenced by a specific source of SS, by major rainfall or by melting.

The MDDELCC quality criteria correspond to the Canadian water quality guidelines for
total particulate matter (CCME, 1999, updated in 2002), which are based largely on the
quality criteria regarding turbidity and suspended sediment developed by Caux, Moore
and MacDonald (1997) for the British Columbia Ministry of Environment. To develop
these criteria, Caux and al. (1997) used the severity of ill effects (SEV) approach
developed by Newcombe and Jensen (1996). It is based on the concept that the effects
of SS on aquatic life increase with concentration and duration of exposure.

1.2.1

Newcombe and Jensen model (1996)

The meta-analysis of 80 studies on which the Newcombe and Jensen model (1996) is
based (see also Newcombe, 1994; Newcombe and MacDonald, 1991) incorporates
hundreds of data sources regarding the observed effects of SS in many fish species
with varying biological characteristics (life stage, life history), exposed to various
concentrations of SS for different durations. The statistical analysis of the data yielded
the following empirical equation that relates the biological response of organisms to SS
concentration and to the duration of exposure:
z = a + b(logex) + c(logey)
where

z:
x:
y:
a:
b and c:

severity of ill effect (SEV)
duration of exposure (h)
SS concentration (mg/L)
intercept
slope coefficients z = f(x) and z = f(y) respectively

The severity of ill effects (z) is delineated semi-quantitatively, based on observed
effects, along a 15-point scale (Table 4, also see Newcombe, 1994) on which are
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superimposed four categories of effects: (i) no effect, (ii) behavioural effects, (iii)
sublethal effects (physiological stress in particular) and (iv) lethal and paralethal effects
(reduced growth rate, reduced population density, mortality).
Table 4 : Scale of the severity of ill effects (SEV) of SS on fish (Newcombe and Jensen, 1996)
SEV

Description of effect

0

Nil effect
No behavioural effects

1
2
3

Behavioural effects
Alarm reaction
Abandonment of cover
Avoidance response

4
5
6
7
8

9
10
11
12
13
14

Sublethal effects
Short-term reduction in feeding rates; short-term reduction in feeding success
Minor physiological stress; increase in rate of coughing; increased respiration rate
Moderate physiological stress
Moderate habitat degradation; impaired homing
Indications of major physiological stress; long-term reduction in feeding rate; long-term
reduction in feeding success; poor condition
Lethal and paralethal effects
Reduced growth rate; delayed hatching; reduced fish density
0 – 20% mortality; increased predation; moderate to severe habitat degradation
> 20 – 40% mortality
> 40 – 60% mortality
> 60 – 80% mortality
> 80 – 100% mortality

In 1997, Newcombe expanded the base model to cover invertebrates and aquatic flora,
and in 2003, he adapted the model to aquatic systems with low SS concentrations,
where reduced water clarity is the main source of ill effects. He replaced the SS
concentration (mg/L) with a visual observation of water clarity measured with a Secchi
disk (m) (Newcombe, 2003). These models are not presented here.
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Table 5 : Data pertaining to log-linear models of severity of ill effects (SEV) defined for six
groups of aquatic organisms (Newcombe and Jensen, 1996)
Model

1

2

3

4

5

6

S
J
FW
F

S+N
E+L
FW + ES
F

N
A
ES
F

N
A
FW
F

0.7262
0.7034
0.7144

3.7466
1.0946
0.3117

3.4969
1.9647
0.2669

4.0815
0.7126
0.2829

0.5984
82.00
< 0.01
108

0.5516
28.03
< 0.01
43

0.6200
24.50
< 0.01
28

0.6998
27.42
< 0.01
22

Attributes
Taxona
Life stageb
Life historyc
Sediment particle sized

S
J+A
FW
F to L

S
A
FW
F to L

Slopes and coefficients
Intercept (a)
Slope of logex (b)
Slope of logey (c)

1.0642
0.6068
0.7384

1.6814
0.4769
0.7565
Statistics

Coefficient of determination
F-statistic
Probability (P)
Sample size (N)
a
b
c
d
e

(r2)e

0.6009
130.28
< 0.01
171

0.6173
52.37
< 0.01
63

S: salmonids (predominantly); N: nonsalmonids
A: adults; J: juveniles; L: larvae; E: eggs
FW: freshwater and anadromous; ES: estuarine
F: fine (predominantly < 75 µm); L: coarse (75 – 250 µm)
Corrected for degrees of freedom

The equation is applied to six different models defined on the basis of taxonomic group,
life stage, life history and particle size (Table 5). Coefficients a, b, and c differ from
model to model.

1.2.2

Approach of the British Columbia Ministry of Environment (Caux
and al., 1997)

The approach developed by Caux and al. (1997) to establish surface water quality
criteria for British Columbia consists of determining the value of the increase in SS
concentration that causes an increase of one unit in a SEV score for the most sensitive
taxonomic group of aquatic organisms. The sensitivity of aquatic organisms to an
increase in SEV is determined by the concentration-response slope at given durations of
exposure: the steeper the slope, the more sensitive the aquatic organisms are to an
increase in SS concentration. The taxonomic group with the steepest slope is
considered to be the group that is most sensitive to an increase in SS concentration.
Caux and al. (1997) conducted goodness-of-fit tests (namely the G-test, an alternative
to the chi-square test) on the linear 3-D models previously established by Newcombe
and Jensen (1996) and on new sigmoid shaped 3-D models, for 8 taxonomic groups2
(Newcombe, 1997). The input variables were log concentration, log duration, and

2

In addition to the six groups of aquatic organisms presented in Table 5, the models incorporate the
aquatic invertebrates and the aquatic invertebrates + aquatic flora groups defined by Newcombe in 1997.
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response SEV score. On the basis of their analysis, Caux and al. found that the
sigmoid-shaped log Weibull model produced a better fit than the log-linear model used
by Newcombe and Jensen. Through a series of linear regression analyses performed on
the concentration-response data at 11 different exposure durations, the authors showed
that the steepest concentration-response slope was obtained at 24 and 48 hours for
group 2, i.e., adult freshwater salmonids. Group 2 is therefore considered to be the most
sensitive to changes in SS concentrations for a given duration (for more information on
the analytical approach, see Caux and al., 1997).
Using the data obtained with the adult freshwater salmonids group for a 24-h exposure,
Caux and al. (1997) determined that a SEV score increase of one unit represents a 25
mg/L increase in SS. This value becomes the SS quality criterion for short-term
exposure. For long-term exposure, the quality criterion is defined by an increase of 5
mg/L for an exposure of 30 days, which translates into an SEV score of 5,
corresponding to minor physiological stress (Caux and al., 1997).
In addition to the quality criteria for suspended solids, these results were used to
determine the quality criteria for turbidity, which were obtained by applying a factor of
1:3 to the suspended solids quality criteria. The turbidity:SS ratio (1:3) is derived from
the comparison of 573 paired SS and turbidity measurements taken from several
watercourses in the Kootenay region in British Columbia (Caux and al., 1997).
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2. Ambient SS concentrations in the St.
Lawrence
The objective of chapters 2 and 3 is to examine ambient SS concentrations in the St.
Lawrence and the concentrations observed during dredging operations to determine the
adaptability of quality criteria for defining management targets specific to dredging
operations.

2.1 The St. Lawrence: a complex hydrodynamic system
The St. Lawrence River begins at the Great Lakes and flows over 1600 km before
reaching the Atlantic Ocean. Over its length, it comprises various different ecosystems
(fluvial, lacustrine and estuarine) that are distinguished by a series of biophysical
particularities, especially flow, riverbed depth and width, flow profile and water salinity,
as well as the species they support. The river may be divided into five large
hydrographic areas characterized by very different sedimentary environments in terms
of
currents,
tides
and
ice
(CSL,
1996
and
1997;
EC,
2012b;
http://www.ec.gc.ca/stl/default.asp?lang=En&n=59C4915D). Note that for the purposes
of this report, only some of the many studies describing the various hydrographic
sectors of the St. Lawrence are cited.


The fluvial section, stretching from the outlet of Lake Ontario at Cornwall to Lake
Saint Pierre: a freshwater sector hardly influenced by tides. The currents are
highly variable because of the presence of rapids, fluvial lakes (lakes SaintFrançois, Saint Louis and Saint-Pierre) and archipelagos. The former two
systems constitute sedimentation areas. Since the beginning of the 20th century,
the natural complexity of the flow of waters in this area has been modified by
numerous development projects (navigation channels, dams, ports, dykes, etc.)
and by the eutrophication of Lake Saint-Pierre (CSL, 1997; Hébert and Belley,
2005).



The fluvial estuary, from the outlet of Lake Saint-Pierre to the eastern end of Île
d’Orléans: freshwater areas subject to tides. The current reversal that occurs
during the rising tide triggers an increased mix of the water various masses from
tributaries. The mixing of the waters limits sedimentation in this area. However,
the flats of the Île d’Orléans area temporarily retain large quantities of fine
sediments and the North Traverse (to the southeast of Île d’Orléans), which
quickly sands up, requires frequent dredging.



The upper estuary, from the Île d’Orléans to Tadoussac: an area of brackish
water. The freshwater and saltwater mixture, triggered by high-intensity currents
combined with the influence of the tides, leads to sediment resuspension. The
result is a high level of turbidity between Île d’Orléans and Île aux Coudres,
referred to as a maximum turbidity zone (MTZ) (Figure 1). Downstream of the
MTZ, SS concentrations drop rapidly.



The lower estuary, from Tadoussac to Pointe-des-Monts: this is a saltwater area
beginning in the deepwater upwelling zone originating in the gulf. This area is
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located at the mouth of the Saguenay River and at the head of the Laurentian
Channel, an underwater valley more than 350 m deep that opens into the St.
Lawrence. The ambient concentrations of SS in this area vary, based on the
stratification of water masses, but they are generally less than 3 mg/L (Figure 1).


The gulf, starting from Pointe-des-Monts: a saltwater area resembling an inland
sea that opens onto the Atlantic Ocean through the Cabot and Belle-Isle straits.
Its ecosystem is distinguished by the presence of the Laurentian Channel, which
serves as a corridor for deep oceanic currents. In the spring, the freshwater from
the river mixes with the saltwater from the gulf, producing a warmer and less
salty surface layer that drifts towards the Atlantic. As winter approaches, this
layer cools off and becomes denser, so that, by the end of March, it is more than
100 m below the surface. This cold intermediary layer is an important
characteristic of the Gulf of St. Lawrence. Another particularity of this area is the
presence of seasonal ice, which limits biological and human activity, such as
fishing and navigation (DFO, 2005).

The fluvial portion of the St. Lawrence comprises five primary water masses and nine
secondary water masses, each with very distinct natural physical and chemical
characteristics (EC, 2012c). When tributary waters reach the river, they flow in a single
direction following the shore, sometimes over long distances, before mixing. The
transverse homogenization of water, caused by the dynamic effect of the tides, does not
occur until the waters reach Deschambault Rapids near Portneuf (Figure 2).
SS transport and dispersion in the river and along the shores are affected by the
movement of these water masses. Along the entire length of the tributaries and river,
the waters become loaded with SS, whose physical and chemical characteristics are
related to land use. At Quebec City, the tributaries on the South Shore, which consists
mainly of farmland, contribute 19% of the sediment load, compared to 13% for the
tributaries on the North Shore (Rondeau and al., 2000), which is more urban.
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Figure 1 : Ambient SS concentrations between Trois-Rivières and Pointe-des-Monts (CSL,
1997). Note that this figure shows a simplified schematic view of the bathymetry of the
area targeted.
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Figure 2 : Water masses in the St. Lawrence River between Cornwall and Île d’Orléans (adapted from EC, 2012c). Note that a major tributary
of Lake Saint-Pierre, namely the Saint-François River, is missing from this figure. However, this figure is intended to show the various
water masses of the St. Lawrence River.
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2.2 Ambient SS concentrations
SS concentrations in St. Lawrence River water vary considerably from one area to
another. The range of SS concentrations in all these areas is relatively well known
(Figure 1). Furthermore, the data collected from 2003 to 2008 at various sampling
stations (Appendix A), and compiled in the data bank on the quality of the aquatic
environment (MDDEP, 2010), provide an overview of spatial and seasonal variations in
SS concentrations in the fluvial estuary (Table 6, Figure 3).
Table 5 : Characteristics of sampling conducted from 2003 to 2008 (MDDEP, 2010)
Area

Fluvial section
Fluvial estuary

Number
of stations

Station
numbers

5 primary
9 secondary
2 primary

1*, 2*, 9*, 10*, 14*
3 to 8, 11 to 13
24* and 28*
15 to 31 except 24*
and 28*

15 secondary

n
(number of
samples)
340
324
132
534

Frequency

Monthly
Monthly

Sampling period

Jan. 2003 to Dec. 2008
May to Oct 2003 to 2008
Jan. 2003 to Dec. 2008
May to Oct. 2003 to 2008

MTZ
2
32 and 33
30
(Upper estuary)
Ile aux Coudres –
July
Tadoussac
2
34 and 35
30
Yearly
2003, 2004 and 2005
(Upper estuary)
(samples on shore)
Lower estuary
2
36 and 37
30
Gulf
6
38 to 43
89
* Stations marked with an asterisk are primary stations identified by a yellow rectangle in Figure 3.
Note: In the fluvial section and the fluvial estuary, samples were collected at a depth of 1 or 2 m below the
surface. In the upper estuary, lower estuary and Gulf, samples were collected at a depth of 2 or 4 m below
the surface.
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Figure 3 : Location of sampling stations (MDDEP, 2010)
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2.2.1 Spatial distribution of SS concentrations
Fluvial section and fluvial estuary
The data presented in Figure 4 show that the fluvial estuary has higher SS loads than
the fluvial section. The median value of SS concentrations observed in the fluvial
estuary from May to October is 10.0 mg/L, compared with 4.0 mg/L in the fluvial section
further upstream. While riverbank erosion and runoff contribute to this phenomenon, it is
due primarily to tributary inputs: between
Sorel-Tracy (fluvial section) and TroisRivières (fluvial estuary), the river receives
water from four rivers on the south shore
with the highest SS loads in Quebec,
namely the Richelieu, Saint-François,
Yamaska and Nicolet rivers (figures 2 and 3)
(Magella Pelletier, Environment Canada,
2010, pers. comm.; Rondeau and al., 2000).
In the fluvial section and fluvial estuary,
ambient SS concentrations rarely exceed 20
mg/L, but can occasionally be relatively high
(appendices A to C).

Legend for figures 4, 5, and 6

Figure 4 : Ambient SS concentrations (mg/L) for
the fluvial section and fluvial estuary
(MDDEP, 2010). The analysis uses data
from May to October only (2003 to 2008,
primary
and
secondary
stations
combined) for the fluvial section (n = 492)
and the fluvial estuary (n = 598).

Upper estuary
Although little data was collected by the BQMA downstream from Île d’Orléans
(Appendix A), it can nonetheless be seen that the measured concentrations at stations
32 (Saint-Jean-Port-Joli) and 33 (Baie-Saint-Paul) (Figure 3), located in the water mixing
area, show high SS concentrations, particularly near the south shore, where they can
reach 220 mg/L (Appendix A). When freshwater from the seaway meets the denser
saltwater originating from the lower estuary, an upstream current is created in the upper
estuary. Due to the bathymetry of the upper estuary, this bottom current rises to the
surface in the area of the eastern tip of Île d’Orléans (Figure 1), carrying with it
sediments, which are put back into suspension (CSL, 1997). This phenomenon is
accompanied by the flocculation of sediment, tidal asymmetry and cyclonic water
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circulation (d’Anglejan, 1981; Kranck, 1979; Silverberg and Sundby, 1979). The
resulting maximum turbidity zone (MTZ) extends from Saint Joachim to approximately
Île aux Oies on the north shore and from Cap-Saint-Ignace to approximately La
Pocatière on the south shore. However, the MTZ moves with the tides and with
seasonal variations in the river’s flow. The data reported in the literature indicate that
ambient SS concentrations in the maximum turbidity zone range from 50 mg/L to over
200 mg/L (D’Anglejan, 1981). Downstream from the maximum turbidity zone in the
Montmagny area, the SS concentration drops dramatically to approximately 5 mg/L at
Rivière-du-Loup and 2 mg/L at Saguenay (CSL, 1997). The data collected by the BQMA
(MDDEP, 2010) in this area, at the Port-au-Persil and Kamouraska stations, show SS
values ranging from 4 to 12 mg/L (Appendix A).
Lower estuary and Gulf
Larouche and Boyer-Villemaire (2010) studied SS concentrations in the lower estuary
and Gulf of St. Lawrence during five sampling campaigns, conducted in different
seasons between late summer 1997 and spring 2001. Their work has shown that SS
levels in areas downstream from Tadoussac are generally below 3 mg/L. These
observations confirm that the bulk of the suspended particles from the upper estuary
settle at the head of the lower estuary and are not transported to the Gulf. Moreover, the
levels observed in the Gulf, downstream of the Anticosti gyre, are generally less than 1
mg/L.
The levels observed by the MDDEP in the Lower Estuary and the Gulf during the
months of July 2003 to 2005 (Appendix A) are higher than those reported by Larouche
and Boyer-Villemaire (2010). Indeed, the median values recorded in the BQMA
(MDDEP, 2010) are 10 mg/L for the estuary and 6 to 8 mg/L for the Gulf. The main
explanation for these differences is probably the location of the sampling stations, which
were far from the coast in the case of the Larouche and Boyer-Villemaire study and
close to shore in the MDDELCC study.2.2.2 Variations saisonnières des teneurs en
MES

2.2.2

Seasonal variations of SS concentrations

Fluvial section and fluvial estuary
In the fluvial section, spring freshets associated with snowmelt occur during two periods,
as shown in figures 5 and 6. In April, the first snowmelt leads to a major increase in river
flows and SS concentrations. In the month that follows, the late snowmelt in northern
Quebec, in addition to major rainfall, increase flows on the Ottawa River (Figure 2) from
a few hundred m3/s to more than 8000 m3/s (EC, 2012b). This significant freshet brings
substantial water volumes to the river as well as a high sediment load.
The impact of the spring freshets is limited by the presence of regulatory structures,
such as the Carillon dam on the Ottawa River on the Quebec–Ontario border and
several other dams on the St. Lawrence, upstream from Beauharnois. This regulation
system controls the amount of water entering the St. Lawrence from the Great Lakes
and Ottawa River watersheds. At the peak of the spring freshet, the Ottawa River flows
into Rivière des Prairies, Rivière des Milles-Îles and Lake Saint-Louis. Since there is little
mixing of water masses from the Ottawa River and Great Lakes before the outlet of
Lake Saint-Pierre, their respective SS concentrations may differ considerably. After the
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spring freshet in the Great Lakes, which usually ends in May, it is possible to observe a
reduction in SS levels in the water mass from the Great Lakes along with an increase in
SS concentrations in the water mass from the Ottawa River, since the spring freshet is
not yet over (Magella Pelletier, Environment Canada, 2010, pers. comm.).
In addition to spring freshets, runoff and shoreline erosion account for significant
sediment loadings to the St. Lawrence. At Quebec City, 65% of the sediment load is
associated with bank and bed erosion on the St. Lawrence (Rondeau and al., 2000).
The ice that forms in winter contributes to bank erosion and to downstream transport of
sediment from the banks. This is particularly significant in areas with large tides (CSL,
1996). Dredging can also contribute to weakening the banks of the St. Lawrence, which
are composed mainly of clay sediments, as they erode more easily and more quickly
when disturbed (Richard, 2010), as is the case during dredging and open water
disposal. As well, in the fluvial estuary, strong bottom currents generated by very high
tides sweep up fine sediments, leading to increased ambient concentrations. The
resuspended sediments are deposited in the foreshores and are stabilized by vegetation
in summer before being carried away by tides, strong winds and autumn rains (mainly in
November) (CSL, 1997; D’Anglejan, 1981; EC, 1994).
According to data collected by the BQMA between 2003 and 2008, the lowest ambient
concentrations (figures 5 and 6) are seen in winter, particularly in March, when runoff is
limited by low temperatures and, in the summer, during dry periods.
Data collected in the field and the literature reveal that ambient SS concentrations in the
St. Lawrence River are subject to spatial and temporal variations related primarily to the
hydrodynamic conditions of the environment. SS concentrations may occasionally reach
tens of milligrams per litre in the fluvial section and fluvial estuary, particularly during
snowmelt and freshets (in April and November).
Upper estuary
Little data have been collected by the BQMA (Appendix A) downstream of Île d'Orléans
and they provide no information on annual variations. Only summer concentrations have
been reported, whereas SS concentrations are highest in spring. Troude and Sérodes
(1988) studied the role of ice in the erosion of the upper estuary foreshore and observed
that large quantities of sediments trapped in the upper part of the ice can be exported
downstream during the spring break-up. They estimated that between Montmagny and
Cap-Tourmente, about 15 kg of sediment per square metre of ice can be exported
annually, representing a contribution of approximately 25% of the total annual erosion of
these foreshores.
Lower estuary and Gulf
The work of Larouche and Boyer-Villemaire (2010) shows that maximum SS
concentrations in the lower estuary usually appear in May or sometimes in June,
especially near the north shore. In the estuary, SS concentrations observed in the spring
range from about 1.5 to 3.0 mg/L, while the rest of the year, they are generally less than
1.5 mg/L.
In areas of the St. Lawrence Gulf influenced by the Gaspé Current or Anticosti Gyre, SS
concentrations observed in May (2-3 mg/L) are generally higher than those observed the
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rest of the year (< 1 mg/L). Further downstream, from the Jacques-Cartier Strait to the
Magdalen Shallows, SS concentrations are generally below 1 mg /L throughout the year
(Larouche and Boyer-Villemaire, 2010). In this sector, the highest concentrations occur
mainly in April.
As indicated above (section 2.2.1), the concentrations reported by BQMA for these
sectors (Appendix A; MDDEP, 2010) are generally higher than those observed by
Larouche and Boyer-Villemaire (2010) and are probably due to the location of the
sampling stations (closer to shore).
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Figure 5 : Monthly ambient concentrations (2003–2008) in the fluvial section (MDDEP, 2010). The analysis is based exclusively on data from
the main stations, listed in Table 6 and identified by a yellow rectangle in Figure 3 (n = 340).
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Figure 6 : Monthly ambient concentrations (2003–2008) in the fluvial estuary (MDDEP, 2010). The analysis is based exclusively on data from
the main stations, listed in Table 6 and identified by a yellow rectangle in Figure 3 (n = 132).
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3. SS associated with dredging operations
3.1 Context for dredging projects conducted in the St.
Lawrence
Although dredging causes short-term, localized increases in SS concentrations that are
potentially harmful to aquatic life, it is essential for maintaining safe navigation in
shipping channels, ports and the areas around docks and marinas. Dredging is a
practice that has been employed since the mid-1800s for the construction and
maintenance of the navigable waterway and is used to increase depths in shallow
waters. The extent of dredging operations varies according to changes in vessel size
and water level fluctuations. Areas subject to sedimentation may require regular
maintenance dredging to ensure that the required water depths are maintained.
Maintenance dredging may be annual, or part of 5- or 10-year programs.
With the exception of work carried out by federal organizations within their area of
jurisdiction, dredging in Quebec is subject to provincial legislation. Under the
Environment Quality Act and its Regulation Respecting Environmental Impact
Assessment and Review, the MDDELCC manages the environmental impact
assessment and review procedure applicable to dredging projects that cover an area of
5000 m2 or more or a distance of 300 m or more. That procedure applies to private
projects, provincial government projects, and certain federal government seabed
restoration projects. The MDDELCC also issues authorization certificates for smaller
projects that are exempt from the environmental impact assessment and review
procedure. Other organizations or departments, such as the Quebec Ministère des
Forêts, de la Faune et des Parcs (MFFP), are involved when wildlife habitats in
terrestrial and aquatic environments are more specifically at issue.
However, dredging in Quebec is also subject to federal jurisdiction. Environment and
Climate Change Canada and Fisheries and Oceans Canada are responsible for
ensuring compliance with requirements respecting at-sea disposal of dredged sediment,
threatened species, fish habitat, and migratory birds. All dredging projects are subject to
the Fisheries Act (FA), which requires that projects avoid causing serious harm3 to fish4,
unless such damage is authorized by Fisheries and Oceans Canada (Canada, 2012a).
Criteria for determining whether or not a project is subject to a review by Fisheries and
Oceans Canada, especially for maintenance dredging and open-water disposal
operations, are available on the DFO website. Moreover, under section 67 of the
Canadian Environmental Assessment Act, 2012 (Canada, 2012b), federal authorities
that carry out a project on federal lands or exercise their authority for such a project
(e.g., issuing an authorization) must assess whether the project will cause significant
adverse environmental effects.

3

Subsection 2(2) of the FA states that, for the purposes of the Act, serious harm to fish is the death of fish
or any permanent alteration to, or destruction of, fish habitat.

4

Under subsection 2(1) of the FA, fish includes: parts of fish; shellfish, crustaceans, marine animals and
any parts of shellfish, crustaceans or marine animals and the eggs, sperm, spawn, larvae, spat and
juvenile stages of fish, shellfish, crustaceans and marine animals.
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Depending on the situation, other statutes and regulations may apply to dredging
projects conducted in Quebec. Most of those statutes and regulations are listed in the
dredging registry on the St. Lawrence Action Plan website.
It is generally in the context of the application of these environmental statutes or
regulations that the development of a SS monitoring protocol for dredging activities may
be required. Thus, although the recommendations set out in this document are not
considered legal or regulatory requirements, they become mandatory when set out in
legal instruments (certificates of authorization or permits) issued for the implementation
of dredging projects.

3.2 Analysis of dredging projects carried out in the St.
Lawrence – Case study
In order to assess the magnitude of the increase in SS generated by dredging
operations, a number of projects carried out in the St. Lawrence River for which
monitoring reports are available have been analyzed5. On the basis of an initial
compilation conducted in 2009, monitoring data for 10 dredging projects carried out
under federal and provincial jurisdiction in the St. Lawrence between 1996 and 2008
were analyzed (tables 7 and 8). More recently, monitoring data for dredging conducted
between 2006 and 2013 at L’Isle-aux-Grues and Berthier sur Mer were examined in a
second compilation (Table 9).
Table 7 describes the conditions under which these projects were carried out at 10 sites
on the St. Lawrence between 1996 and 2008. The upper estuary is the area most
extensively covered by this analysis, with 5 of the 10 projects taking place in that area.
For two of the projects (L’Isle-aux-Coudres dock and Rivière-du-Loup dock), the
available data cover a number of consecutive years (8 and 7 years respectively). No
data could be obtained for dredging projects carried out in the lower estuary.
Of the projects conducted, the largest in terms of volumes of dredged sediment and
duration of work are related to maintenance of the navigable waterway (shoals between
Montreal and Cap à la Roche, North Traverse and the Mines Seleine shipping channel).
Dredging operations generally take place in the summer, but may extend into December
(Mines Seleine shipping channel).
The main type of dredges used for this work are mechanical clamshell dredges and
trailing suction hopper dredges (see section 5.1). Close to 90% of the dredged sediment
in the St. Lawrence, representing several hundreds of thousands cubic metres annually,
is disposed of in open water (CSL, 1997; Lalancette, 2001; Ricard and Saumure, 2003).
The SS management targets used to monitor these projects vary from project to project
(Table 7). Of the projects documented, only the Gros-Cacouna dredging project was
managed using water quality criteria, namely those of the Canadian water quality

5

This analysis is not exhaustive; other dredging projects may have been carried out in the St. Lawrence
River in the same period. The projects analyzed here are those for which monitoring reports were
obtained.
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guidelines (CCME, 2002, see Section 1.2). The SS values observed at various distances
from the dredge were compared to those criteria. For the other projects, the retained
management targets (alert threshold, work shutdown) are based on (i) a multifold
increase in ambient SS concentrations (for example, 4 times the ambient concentration
at a distance of 500 m from the dredge in the case of dredging at the Mines Wabush
dock (Roche ltée 2000)), (ii) the sensitivity of aquatic organisms (e.g., presence of
aquaculture), or (iii) the presence of an industrial water intake nearby (Bécancour port).
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Table 7 : SS management during certain dredging projects carried out in the St. Lawrence between 1996 and 2008

Upper estuary

Fluvial estuary

Fluvial section

Project

Volum e of Project duration
dredged
sedim ents
(m 3 )

Period

Dredge type

Deposit /
disposal

SS m anagem ent target
Alert threshold
Immediate stoppage

Measurem ent frequency
Turbidity
SS

Shoals betw een
Montreal
and Cap à la Roche 1998
(CJB Environnement inc.
and Procean inc. 1999)

~ 116 682

~ 3 months
(Sept. 8–Nov. 28)

Sept.–Nov.

mechanical
open w ater
4 × the ambient
(clamshell dredge) (2–8 × /24 hr) concentration measured
(and hydraulic
upstream from the w ork
hopper dredge)
to be done

Lake Saint-Pierre 1997
(Consultants Jacques
Bérubé inc. 1997b)
Port of Bécancour 2008
(impact study)
(Genivar 2008)

~ 6 500

~ 15 continuous
days (7
days/w eek)
10–12 days/year
24 hr/day

mid-to-late
September

mechanical
(clamshell dredge)

open w ater
(1 × /2 hr)

Aug.–Oct.
mechanical
(low -w ater (clamshell dredge)
level)

land-based

80 mg/L at the w ater
100 mg/L at the w ater intake
intake (Gentilly-2 nuclear (Gentilly-2 nuclear reactor)
reactor)

Traverse Nord 1996
(Consultants Jacques
Bérubé inc. 1997a)

~ 60 000

8 w eeks

mid-July–midSept.

freestanding
hydraulic w ith
stingers

open w ater
(1 × /3–6 hr)

not available

Isle-aux-Grues Dock 2006
(Procean Env. inc. 2007b)

4 015

3 days
(June 19–21, 2006)

June

mechanical
(clamshell dredge)

open w ater

not available

13 827
9 days
(theoretical) (June 4–12, 2008)
*
15 684
20 days
(theoretical) (June 10–29, 2007)
15 *684
16 days
(theoretical) (June 5–15, 2006)
11 *254
14 days

June

mechanical
(clamshell dredge)

open w ater

not available

~ 1 × /5–45 min

June

mechanical
(clamshell dredge)

open w ater

not available

~ 1 × /5 min to 1 hr

June

mechanical
(clamshell dredge)

open w ater

not available

~ 1 × /2–90 min

June

mechanical
(clamshell dredge)
mechanical
(clamshell dredge)

open w ater

not available

open w ater

not available

~ 1 × /2 min to 1 hr
June 9, 2005
~ 1 × /5 min to 1 hr
June 11, 2004

mechanical
(clamshell dredge)
mechanical
(clamshell dredge)

open w ater

mechanical
(clamshell dredge)

open w ater

Isle-aux-Coudres Dock
2008
(Dessau inc. 2008a)
2007
(Procean Env. inc. 2007a)
2006
(Procean Env. inc. 2006a)
2005
(Procean Env. inc. 2005a)
2004
(Procean Env. inc. 2004a)
2003
(Procean Env. inc. 2004b)
2002
(Procean Env. inc. 2002a)
2001
(Procean Env. inc. 2001)

6 000

(theoretical) (June 6–19, 2005)
16 218
6 days
(theoretical) (June 11–16, 2004)
17 *000
6 days
(theoretical) (June 9–14, 2003)
14 *500
9 days
(theoretical) (June 10–18, 2002)
12 *500
7 days
(theoretical) (June 10–16, 2001)
*

June
June
June
June

open w ater

Recommendations for the Management of Suspended Solids (SS) During Dredging Activities

1 × /min over sequences of 30
min (at ~ 200 m dow nstream
from the w ork to be done)

1 × /2 h

1 × /2 hr
from 2000 to 2004;
1 × /day from 2005
to 2007;
if turbidity ≥ 50 NTU
in 2008
1 or 2 outings/w eek
1 × /2–5 1 × /30 min to 2.5 hr,
min
from 0 to 10
samples/day
1 × /5 min to 2 hr over 2 days,
from 5 to 10 samples/day

~ 1 × /5–10 min
June 10 and 11, 2003
~ 1 × /2–10 min
June 12, 2002
~ 1 × /10–40 min
June 12, 2001
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Table 7 : SS management during certain dredging projects carried out in the St. Lawrence between 1996 and 2008

Project

Rivière-du-Loup Dock
2008
(Procean Env. inc. 2008)
2007
(Procean Env. inc. 2007c)

Lower estuary

2006
(Procean Env. inc. 2007d)
2005
(Procean Env. inc. 2006b)
2004
(Procean Env. inc. 2005b)

Volum e of Project duration
dredged
sedim ents
(m 3 )
31 093
16 days (June
(theoretical) 16–July 1, 2008)
*
20 260
31 days (July
(theoretical) 3–August 2, 2007)
*
20 260
14 days (June
(theoretical) 22–July 5, 2006)
18 *965
18 days (June
(theoretical) 27–July 14, 2005)
17 *697
11 days (June

Dredge type

Deposit /
disposal

June (–July)

mechanical
(clamshell dredge)

open w ater

~ 1 × /5–10 min
a few hours per day from June
16–19, 2008

July
(–August)

mechanical
(clamshell dredge)

open w ater

June–July

mechanical
(clamshell dredge)

open w ater

~ 1 × /5–10 min
from 8 am to 3 pm July 16–18,
2007
~ 1 × /5–10 min
June 23, 24, and 25, 2006

June–July

mechanical
(clamshell dredge)

open w ater

~ 1 × /2–20 min
June 27 and 29, 2005

June–July

clamshell dredge
and dump scow

open w ater

~ 1 × /5–20 min
June 26 and 28, 2004

June

open w ater

(June–) July

open w ater

1 × /5 min at several hours
during 3 days
1 × /5 min to 2 hr
during 3 days

26–July 6, 2004)

2003
24 000
8 days (June
(Procean Env. inc. 2004c)
15–June 22, 2003)
2002
45 000
14 days (June
(Procean Env. inc. 2002b)
30–July 13, 2002)
Gros-Cacouna Port 2008
60 000
continuously and
(CJB Env. inc. 2008)
(theoretical) 12 hr/day during
*
the restriction
period (June)
Low er estuary
Wabush Mines Dock
232 991
12 w eeks
Port of Sept-Îles (Pointe(August 5–Oct.
Noire) 1999
27,1999)
(Roche Ltée 2000)
Gulf

Period

1998
(Procean inc. 1999)

227 569

1998

Maritim e Channel
Mines Seleine 2008
(CJB Env. inc. 2009)

366 640

21 w eeks (noncontinuous)
(July 16–December
20, 2008)

midJune–late
August

hydraulic
(cutterhead
suction dredge)

Aug.–Oct.
(low -w ater
level)

mechanical

land-based

SS m anagem ent target
Alert threshold
Immediate stoppage

Measurem ent frequency
Turbidity
SS

+ 25 mg/L w ith respect to
the ambient concentration
during 24 to 48 consecutive
hr

no data available
open w ater
4–5 × the ambient
"anticipation of a turbidity
concentration (measured
risk that is 2 times higher
by OBS and turbidity-SS than the normal level in the
calibration )
eel-grass bed surroundings"
at 500 m from the dredge
open w ater

July–
December

trailing suction
hopper dredge

disposal at
sea

> 150 mg/L at the mussel
bed
during 6 consecutive hr
= w ork stops during 6 hr

from 30
min to
several
hours

1 × /90 min
during the day and
1 × /2 hr at night the
first 5 days

* Estimate conducted before commencement of work
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3.3 SS concentrations observed during dredging projects
It is important to note that, of the dredging projects reviewed, those relating to the
maintenance of the shipping channel (shoals between Montreal and Cap à la Roche, for
example) were not generally monitored for SS, as it had been determined in advance
that their impact was negligible. In fact, in these areas, the sediment consists mainly of
coarse particles (sand), which settle fairly quickly and therefore disperse to only a very
small extent off the dredging site (Pierre Rouleau, Fisheries and Oceans Canada,
Canadian Coast Guard, 2010, pers. comm.). As well, there are few sensitive sites in
these areas, given their relatively large depths and strong currents.
In areas where monitoring was carried out, the parameters measured are turbidity
(NTU) or SS concentrations (mg/L). For both parameters, measurements were taken at
the surface or in an integrated sample from the entire water column and sometimes
from the bottom. Table 8 presents the measured values during project monitoring:
ambient concentrations at reference stations, SS concentrations at various distances
from the dredge and the size of the area influenced by sediment resuspension. The
objective of this analysis is to identify a potential SS concentration gradient and define
the radius of the area of influence observed for the majority of projects.
For most of the projects examined, the ambient concentrations were established at the
beginning of the project several hundred metres from the dredge, on average, with the
distance varying from 30 m to over 1 km. As expected, the highest ambient
concentrations were observed in the L’Isle-aux-Coudres (located in the maximum
turbidity zone) and Rivière-du-Loup areas (along the MTZ boundary), where
concentrations could be as high as 113 mg/L (Table 8). Only the ambient concentrations
observed at Pointe-Noire in 1998 are presented as a function of tidal phase, i.e., ebb
tide (falling tide) and flood tide (rising tide). Other projects (such as those at the L’Isleaux-Coudres, L’Isle-aux-Grues and Rivière-du-Loup docks) took the tide into account in
the monitoring of SS concentration. SS concentrations generally appear to be higher
during ebb tide than during flood tide (Guillaume Tremblay, Dessau, 2010, pers. comm.;
Silverberg and Sundby 1979).
The extent of the sediment dispersion plume has been determined based on the SS
concentrations measured in the area of influence, from very close to the dredge to more
than 1 km from it. The extent of the plume generally varies from 100 to 150 m from the
dredge (Table 8), but may reach greater distances at depth. The monitoring of projects
carried out in Baie de Sept Îles revealed that the most concentrated and widespread
turbidity plumes (500 to 1000 m) observed during dredging developed close to the
bottom, at depths ranging from 12 to 15 m (Roche ltée, 2000). Turbidity is sometimes
masked by high ambient concentrations due to the hydrodynamic conditions (MTZ) and
weather (heavy rain, strong winds, etc.) at the site.
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Table 8 : SS concentrations measured at various distances (d) from the dredge (d ≤ 50 m, 50 < d ≤ 100 m, 100 < d ≤ 150 m and d > 150 m)

Upper estuary

Fluvial
estuary

Fluvial section

Project

Shoals betw een Montreal
and Cap à la Roche 1998
(CJB Environnement inc.
and Procean inc. 1999)
Lake Saint-Pierre 1997
(Consultants Jacques
Bérubé inc. 1997b)
Bécancour Port 2008
(impact study)
2003 data
(Genivar 2008)
Traverse Nord 1996
(Consultants Jacques
Bérubé inc. 1997a)

N
avg
max
min
N
avg
max
min
N
avg
max
min

N
avg
max
min
Isle-aux-Grues Dock 2006 N
avg
(Procean Env. inc. 2007b)
max
min
N
Isle-aux-Coudres Dock
avg
2008
max
(Dessau inc. 2008a)
min
N
2007
avg
(Procean Env. inc. 2007a)
max
min
N
2006
avg
(Procean Env. inc. 2006a)
max
min
N
2005
avg
(Procean Env. inc. 2005a)
max
min
N
2004
avg
(Procean Env. inc. 2004a)
max
min
N
2003
avg
(Procean Env. inc. 2004b)
max
min
N
2002
avg
(Procean Env. inc. 2002a)
max
min
N
2001
avg
(Procean Env. inc. 2001)
max
min

Distance to dredge
d > 150 m
100 < d ≤ 150 m
50 < d ≤ 100 m
d ≤ 50 m
SS (m g/L)
Turbidity (NTU)
SS (m g/L)
Turbidity (NTU)
SS (m g/L)
Turbidity (NTU)
SS (m g/L)
Turbidity (NTU)
Surface Integrated Surface Integrated Surface Integrated Surface Integrated Surface Integrated Surface Integrated Surface Integrated Surface Integrated
~ 240
7
n.a.
9
5
8
6
n.a.
8
3
calculated(1)
33
calculated(1)
6
calculated(1)
9
calculated(1)
25
19
20
24
23
26
25
30
28
27
26
29
27
31
28
61
50
7
12
17
19
19
20
16
18
depth
depth
depth
depth
1 < p < 23 m
1 < p < 23 m
1 < p < 23 m
1 < p < 23 m
24
50
180
13

13
87
249
12

25
31
23
12
29
39
22

32
41
25
12
33
41
25

34
48
25

38
53
28

30
53
15

41
60
32

34
43
19

42
51
29

32
64
19

56
93
18

38
61
8
10
33
64
17

43
71
21
9
35
64
16

21
32
16

37
42
30

5
121
250
26

2
145
150
140

26
37
145
13

32
75
187
19

58
79
40
13
46
67
30

45
53
28
13
32
44
25

53
76
42
13
34
45
26

73
88
62

31
48
25

36
43
27

107
210
45

29
54
13

42
59
18

71
90
45

23
42
10

30
47
19

80
160
25

18
31
4

45
96
25

86
130
56
9
62
120
25

28
50
13
4
32
42
18

45
140
20
2
38
45
31

24
27
22

21
39
13

33
50
27

6
117
180
55

24
39
154
15

23
89
260
16

90
140
66
18
49
78
34

44
45
43
22
36
41
31

61
63
59
2
35
38
32

71
82
53

24
29
17

36
41
29

79
110
38

28
35
22

35
35
34

51
80
27

26
45
15

31
37
23

49
140
32

15
17
12

35
64
21

85
270
34
3
70
91
47

30
47
13

23
30
15

23
31
17

24
31
18

34
88
18

17
17
17

29
29
29

47
47
47

8
404
710
75

47
64
315
28

17
78
187
31

73
110
46

32
55 (32 m)
21 (88 m)

43
67 (105 m)
26 (88 m)

85
85
85

35
45 (313 m)
26 (319 m)

39
45 (313 m)
34 (319 m)

23
33 (43 m)
17 (35 m)

28
46 (62 m)
20 (35 m)

51
58
43

19
31 (224 m)
11 (190 m)

23
42 (115 m)
13 (435 m)

52
82
23

36
58 (460 m)
7 (127 m)

38
51 (460 m)
24 (127 m)

48
99
14

17 (mg/L) (1)
23 (229 m)
11 (260 m)

49 (mg/L) (1)
70 (287 m)
32 (229 m)

40
54
26

16 (mg/L) (1)
27 (400 m)
10 (390 m)
4
27 (mg/L) (1)
35 (200 m)
20 (200 m)
5
21 (mg/L) (1)
30 (575 m)
8 (220 m)

28 (mg/L) (1)
31 (390 m)
24 (433 m)
3
36 (mg/L) (1)
56 (220 m)
24 (200 m)

n.a.

n.a.

quick dispersal

masked by high natural
levels (ZTM)

47
144
677
25
100 m (2002 and 2004)

7

1 (151 m)

66
100 (105 m )
32 (88 m )
150 m

5
56
68 (327 m )
43 (319 m )

100 m

12
59
83
32
2
71
79
62

21
22
19

22
26
19

46
60
29

28
41
14

33
51
20

43
92
24

17
43
5

40
79
12

40
51
22

13
22
4

25
34
15

39
52
26

22
32
14

26
30
23

18
18
18

13
15
11

31
40
18

~ 100 m
40
60 (210 m )
25 (891 m )
~ 100 m

7

16

61
84 (460 m )
27 (127 m )
100 m (w idth = 40 m)

6

2

54
98 (287 m )
39 (229 m )
150 m

3

3
44
50
37
3

1

44
59 (98 m )
34 (75 m )
15

11

3

6

5

47
47
47

1
38
38
38
5

6

8

5

50
62
28

4

8

12

40
75
20

6

6

4

89
110
68
3
66
94
41

2

8

8

81
165
788
20

6

7

10

91
70
647
14

2

5

4

5
124
210
72

Lim it of the plum e

Control zone
SS (m g/L)
Turbidity (NTU)
Integrated
Surface
Integrated
Surface
n.a.
5
9
3
2
7
7
7
calculated(1)
3
9
13
13
16
7
12
turbidity (NTU)
bottom
mid-depth
surface

18
27
13

24 (mg/L) (1)
33 (200 m)
14 (200 m)
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43
52 (390 m )
26 (433 m )
4
48
68 (220 m )
34 (200 m )
4
30
48 (575 m )
9 (220 m )

100 m (w idth < 33 m)

100 m (w idth = 30-40 m)
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Table 8 : SS concentrations measured at various distances (d) from the dredge (d ≤ 50 m, 50 < d ≤ 100 m, 100 < d ≤ 150 m and d > 150 m)
Project

Rivière-du-Loup Dock
2008
(Procean Env. inc. 2008)
2007
(Procean Env. inc. 2007c)

Upper estuary

2006
(Procean Env. inc. 2007d)

2005
(Procean Env. inc. 2006b)

2004
(Procean Env. inc. 2005b)

2003
(Procean Env. inc. 2004c)

2002
(Procean Env. inc. 2002b)

Gros-Cacouna Port 2008
(CJB Env. inc. 2008)

Low er estuary
Wabush Mines Dock
Sept-Îles Port (Pointe
Noire) 1999
(Roche Ltée 2000)

N
avg
max
min
N
avg
max
min
N
avg
max
min
N
avg
max
min
N
avg
max
min
N
avg
max
min
N
avg
max
min
N
avg
max
min
N
avg
max
min

Distance to dredge
Control zone
d ≤ 50 m
50 < d ≤ 100 m
100 < d ≤ 150 m
d > 150 m
Turbidity (NTU)
SS (m g/L)
Turbidity (NTU)
SS (m g/L)
Turbidity (NTU)
SS (m g/L)
Turbidity (NTU)
SS (m g/L)
Turbidity (NTU)
SS (m g/L)
Surface Integrated Surface Integrated Surface Integrated Surface Integrated Surface Integrated Surface Integrated Surface Integrated Surface Integrated
Surface
Integrated
Surface
Integrated
15
29
10
4
8
45
58
51
52
55
50
49
66
56
49
75
60
35
44
30
84
93
140
100
108
120
66
86
90
65
89
84
66 (520 m) 95 (520 m)
73 (520 m )
14
35
22
24
32
20
30
43
34
21
42
35
20 (815 m) 20 (859 m)
10 (859 m )
12
12
7
3
13
73
78
234
106
146
318
77
98
247
71
86
182
51
56
113
164
196
690
141
198
690
149
170
420
107
143
250
126 (420 m) 138 (420 m)
280 (420 m )
23
25
54
59
65
130
35
49
84
29
29
67
19 (350 m) 24 (350 m)
7 (450 m )
11
14
6
5
45
62
118
41
48
98
30
25
78
16
20
62
79
112
250
86
113
240
45
46
110
21 (515 m) 33 (485 m)
86 (468 m )
20
28
61
12
19
50
21
17
53
9 (468 m)
14 (515 m)
48 (515 m )
7
6
6
4
7
4
32
36
62
38
40
73
34
46
88
31
43
68
17
22
29
44
51
88
45
49
110
54
68
130
42
73
110
24 (578 m) 33 (507 m)
46 (507 m )
12
25
47
30
24
46
15
26
52
21
27
44
10 (520 m) 8 (1 380 m)
11 (1 380 m )
20
17
9
11
9
65
87
186
63
92
194
58
69
141
48
61
114
18
21
35
138
178
460
156
157
340
109
113
210
86
107
200
42 (360 m) 37 (380 m)
79 (380 m )
5
44
66
2
34
73
2
46
76
1
23
37
5 (690 m)
8 (910 m)
9 (910 m )
15
17
9
16
10
69
85
196
55
59
128
57
55
112
49
50
104
40 (mg/L) (1) 41 (mg/L) (1)
85
153
172
460
200
137
310
106
100
210
80
96
220
76 (460 m) 78 (540 m)
180 (540 m )
25
22
43
16
19
42
32
24
45
28
17
32
12 (640 m) 14 (390 m)
28 (640 m )
17
15
6
12
14
15
11
5
11
11
3
8
7
7
3
4
13
11
7
6
44
44
53
99
38
31
37
58
25
21
31
44
23
16
32
34
18 (mg/L) (1) 15 (mg/L) (1)
23
34
85
91
120
290
94
93
67
82
43
40
36
61
39
28
44
54
30 (~ 1 200 m) 32 (~ 500 m) 36 (600 m)
52 (~ 1 200 m )
12
17
23
49
15
11
23
26
15
8
28
26
8
6
19
16
8 (~ 200 m) 5 (~ 400 m) 11 (~ 400 m)
13 (~ 1 200 m )
52 (for all the dredging area; distance from dredge not measured)
43
calculated (1)
turbidity (integrated) : 10
SS (integrated): 16
14
22
(3)
(3)
(2)
50
79
138
216(2)
4
6
3
4
no data available
1
11
6
4
2
13

Gulf

1

1998
(Procéan 1999)

Maritim e channel
Mines Seleine 2008
(CJB Env. inc. 2009)

N
avg
max
min
N
avg
max
min

Beyond 100 m from the dredge, SS concentrations are generally below 15 mg/L

63
21
76
2

23
82
3

563
3
14
1

49
4
15
1

SS (mg/L) surface
flood(4)
ebb(5)
4
13
20
19
24
6
12
53
1
2 (743 m)
1 (1 361 m)

SS (mg/L) bottom
flood(4)
ebb(5)
1
10
12

55
2
6 (743 m )
Ø (570 and 1 361 m )

n.a. : not available.
(1) Value calculated based on the relationship between turbidity and SS.
(2) The maximum value of turbidity and SS were observed outside the dredging area of influence, at low tide.
(3) In the dredging area of influence, the maximum values of turbidity and SS were observed near the water outfall from the setting ponds.
(4) Rising tide (tidal current between low tide and high tide).
(5) Falling tide (tidal current between high tide and low tide)
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Lim it of the plum e

~ 150 m

~ 150 m

110 m

~ 220 m (calm
conditions)

250 m, heavy rains and
strong w inds during the
day
masked by high natural
levels (strong w inds and
w aves)
~ 150 m
(2001 : 200 m)

masked by natural
variations w hen dredging

dredging zone : < 400 m
at the surface and 500 to
1 000 m in the w ater
column;
discharge point : < 150 m
at the surface and 500 m
in the w ater column
from 500 to < 1000 m

n.a.

Other dredging operations more recent than those presented in tables 7 and 8 that were
also monitored provide additional SS data. However, those data have not been
compiled, whereas those generated during dredging carried out by the Société des
traversiers du Québec at Isle-aux-Grues and at Berthier-sur-Mer, in the upper estuary,
have been analyzed and are presented in tables 9 and 10.
Table 9 : SS concentrations observed at exposed stations, at control stations, and at the
disposal site during dredging operations conducted at Isle-aux-Grues from 2006 to 2013
(Procean Environnement inc., 2007b, 2007e; Dessau inc., 2008b, 2010a, 2010b; GENIVAR,
2011, 2012, 2013)
Year

Average concentrations (min – max) in the dredging
area at exposed stations
(mg/L)

Average ambient
Average
concentrations at concentrations
control stations at disposal site
(mg/L)
(mg/L)

At 100 m and less
from the dredge

100 to 300 m
from the dredge

More than 300 m
from the dredge

2013

133 (42-280)
n=19

108 (51-210)
n=19

130
n=1

75 (29-180)
n=11

160 (28-220)
n=10

2012*

177 (88-700)
n=18

154 (85-220)
n=18

162 (98-200)
n=4

111 (41-190)
n=11

120 (71-210)
n=8

2011

111 (44-280)
n=18

123 (26-310)
n=22

107 (88-140)
n=4

115 (26-250)
n=8

115 (60-220)
n=10

2010

207 (62-660)
n=29

156 (55-320)
n=13

150
n=1

297 (53-610)
n=16

240 (170-310)
n=7

2009

163 (86-300)
n=21

168 (51-280)
n=22

150
n=1

180 (31-310)
n=8

215 (96-310)
n=14

2008

81 (24-170)
n=20

71 (28-120)
n=5

No data

34 (24-52)
n=3

35 (34-36)
n=2

2007

85 (50-140)
n=7

106 (50-170)
n=3

No data

79 (29-150)
n=9

105 (80-140)
n=6

2006

76 (40-140)
n=9

77 (46-110)
n=7

No data

66 (32-100)
n=7

77 (26-200)
n=12

*The results presented here differ slightly from those presented in the monitoring and follow-up report
(GENIVAR, 2012). The values have been recalculated, considering stations 28, 29, 30, 35, 45, 46, 47, and
60 as exposed stations (erroneously designated as control stations in the report), after validation with the
site authority and report writer.

Table 10 : SS concentrations observed at exposed stations, at control stations, and at the
disposal site during the dredging carried out at Berthier-sur-Mer in 2011 for Le Havre de
Berthier-sur-Mer Inc. (Marc Pelletier, 2012)
Average concentrations (minimum–maximum)
in the dredging area at exposed stations
(mg/L)
100 m or less
100 to 300 m
More than 300 m
from the dredge from the dredge
from the dredge
54 (12-160)
Median =19
n=11

27 (8-130)
Median = 15
n=18

11 (9-14)
Median =9
n=5

Average ambient
Average
concentrations at concentrations
control stations at disposal site
(mg/L)
(mg/L)
8 (6-10)
Median =7
n=5

20 (1-89)
Median =8
n=17

The data presented in tables 8, 9 and 10 reveal that, at a distance of over 100 m from
the dredge, the average SS concentrations generally do not exceed the value
corresponding to an increase of 25 mg/L from ambient concentrations, except in the
upper estuary at North Traverse, L’Isle aux-Grues (2008, 2012 and 2013) and RivièreRecommendations for the Management of Suspended Solids (SS) During Dredging Activities
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du-Loup, in the years when ambient concentrations were the highest (2003 and 2007) or
when meteorological conditions disrupted sediment dispersion (e.g., heavy rains and
strong winds in 2004). In Baie des Sept Îles, although the dispersion plume could be
visually observed at relatively large distances from the dredge, the reported data (Roche
ltée, 2000; Procean inc, 1999) seem to indicate that the increase in SS concentrations
at more than 100 m from the dredge was generally less than 25 mg/L.
Tables 8, 9, and 10 also present data relating to SS concentrations observed at disposal
sites during the discharge of dredged sediments at Port de Sept-Îles, L’Isle-aux-Grues
and Berthier-sur-Mer. While the values reported at the disposal sites are sometimes a
little higher than at the exposed stations, particularly at L’Isle-aux-Grues (Table 9)6,
open-water disposal of dredged sediments generally appears to cause less turbidity and
SS than the dredging itself. The continuous action of the clamshell dredge reportedly
generated more SS over a longer period than the one-time discharge of a large volume
of sediment. The Procean study (1999) indicates that the monitoring carried out in Baie
des Sept Îles demonstrates that, during open-water disposal, increases in SS
concentrations generally occur close to the barge, in the minutes following the
discharge, forming a cloud of turbidity at the surface and close to the bottom. The
dispersion of the surface turbidity cloud seems to occur faster than at the bottom. The
study conducted by Roche ltée (2000) indicates that virtually no significant or persistent
increase in SS could be measured at more than 150 m from the discharge point in the
water column and at more than 300 m from the surface discharge point. At depth
however, i.e., 5 to 10 m above the bottom, increases of 20 to 30 mg/L could be
observed at a distance of over 500 m from the discharge point.

6

The distance between the sampling stations and the discharge point, which varies from one operation to
another, was not specified.
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4. SS management targets specific to dredging
and their application
As in any other waterway, dredging operations in the St. Lawrence River must be
planned and implemented so as to minimize any adverse impacts on the aquatic
environment. The management targets defined here for dredging may also serve as a
basis for guiding any work that may cause an increase in suspended solids in an aquatic
environment.

4.1 Consideration of factors that influence SS behaviour during
dredging
During all phases of dredging, from planning to monitoring, dredging management must
take into account numerous factors that may have an impact on sediment resuspension
and dispersion in the aquatic environment (Table 11).
Table 11 : Parameters to consider during dredging and open-water disposal operations
Parameters to consider

Effect on the aquatic environment
 Increased SS concentrations

Scope of project
(volume of dredged sediment, area)
Dredging
operational
parameters

Equipment
Chap. 5)

and

methods

used

 Extent of the area affected by

sediment resuspension
(see

Duration and frequency of work

Hydrodynamic,
and
physicochemical
characteristics of
the site

 Exposure (acute or chronic effect)
 Exposure (vulnerability of aquatic

Tributaries

 SS inputs or dilution

Temperature

 SS dispersion

Salinity

 SS dispersion (flocculation)

Background SS

 Initial exposure

organisms)
 SS dispersion

 Increased SS concentrations

Sediment quality

Sensitive areas

 Increased SS concentrations

Time of year (spawning, migration, etc.,)
at which the work is carried out
Flow, currents and tides, waves

Sediment particle size

Weather events

 Increased SS concentrations

 Abrasive effects
 Exposure (contaminant

concentration and availability)
 Exposure (contamination)

High flow, heavy rains, etc.
Winds

 Increased SS concentrations

Habitats (spawning grounds, etc.) and
protected species
Industrial,
commercial,
and
leisure
activities

 Exposure (vulnerability of aquatic

 SS dispersion

organisms)
 Compatibility of use

Management choices must be made so as to minimize sediment resuspension and its
effects on aquatic life. The conditions at a given site must be considered and may
require specific protective measures. For example, the presence of spawning grounds in
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or near the area to be dredged may require that dredging be prohibited during a given
period. As well, SS management targets may be defined on the basis of ambient
concentrations and weather conditions.

4.2 SS management criteria applied to dredging
A review of environmental monitoring data for projects (Section 3.2) revealed the
following:


SS concentrations increase significantly in the immediate vicinity of the work, but
return to close to ambient concentrations at distances of generally between 100
and 150 m from the work.



In certain areas of the St. Lawrence, SS concentrations vary significantly over
short distances and do not always follow a decreasing concentration gradient
with distance from the dredge; in these areas, the ambient concentrations may
be naturally elevated and variable.

Based on this observation, it is proposed that separate management criteria for clear
waters, in which ambient SS concentrations are generally less than 25 mg/L, and for
turbid waters, in which ambient SS concentrations are greater than 25 mg/L, be defined.
The 25 mg/L threshold value is considered appropriate, particularly for distinguishing
clear waters from turbid waters in the St. Lawrence, as the ambient concentrations
observed in the fluvial estuary of the St. Lawrence, upstream from the MTZ, are usually
less than 25 mg/L7. Turbid waters include the waters of the MTZ, which flow between Île
d’Orléans and Île aux Coudres, as well as the waters that flow elsewhere during major
freshets (spring melts and autumn freshets).
The management criteria, which translate to acceptable SS concentrations in an aquatic
environment, are applicable to the dredging site and open-water disposal site when
monitoring is required. The management criteria values are defined by an increase in
concentration from the ambient concentration and are presented in Table 12. The
concentrations measured in the field during dredging operations are compared against
the management criteria. The procedure for SS monitoring during dredging work is
defined in Section 4.3.

7

The NAQUA database- National Aquatic Database (EC, 2010) shows that ambient SS concentrations at
the Lévis station, the highest after those at the MTZ stations, are generally less than 25 mg/L during the
most favourable period for dredging, i.e., from the end of June to the beginning of September.
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Table 12 : SS management criteria related to dredging and open-water disposal

100 m from
the dredge
and
discharge
point
300 m from
the dredge
and
discharge
point

Clear water
(ambient concentrations [SS] ≤ 25 mg/L)
Maximum average* increase in SS
concentration of 25 mg/L from ambient
concentrations** over the daily dredging
period or over a period of 6 consecutive
hours if the dredging is continuous
Maximum average* increase in SS
concentration of 5 mg/L from ambient
concentrations** over the daily dredging
period or over a period of 6 consecutive
hours if the dredging is continuous

Turbid water
(ambient concentrations [SS] > 25 mg/L)
Maximum average increase in SS
concentration of 100% from ambient
concentrations* over the daily dredging
period or over a period of 6 consecutive
hours if the dredging is continuous
Maximum average increase in SS
concentration of 25 mg/L from ambient
concentrations* over the daily dredging
period or over a period of 6 consecutive
hours if the dredging is continuous


* It is recommended that the geometric mean be used.
**Ambient concentrations correspond to SS concentrations observed in the environment that are not
influenced by dredging activities or by a localized source. Sections 4.3.2 and 4.3.3 provide details on the
determination of ambient concentrations.

4.3 SS monitoring during dredging work
In order to ensure that the dredging method is appropriate and that the mitigation
measures (Chapter 5) are effective in minimizing the impact on aquatic life, it is
important to monitor SS concentrations during dredging work and to compare them to
the management criteria defined in Table 12. To do so, it is generally recommended that
in situ monitoring be conducted, using turbidity as an indicator of SS concentration.
Sections 4.3.1 to 4.3.4 describe the monitoring procedures to be implemented.
For recurrent dredging at a given site, SS monitoring can be considered less necessary
by the competent authorities in situations where there is a sufficient amount of previous
and recent data to properly document the lack of significant effects on aquatic life.
Also, SS monitoring can be considered less necessary for small projects with little
impact on the receiving environments, for example, in cases where the dredging volume
is less than 1000 m³, where the work is carried out over less than a week, where the
sediment contamination is considered below the occasional effect level (OEL) or natural
levels and where there are no uses to be protected nearby that justify such monitoring.
In all cases however, the project authorities must ensure that all best practices and
mitigation measures are implemented to minimize the effects on the aquatic
environment (see Chapter 5). They must also ensure ongoing monitoring of the
operations. A monitoring report must be produced for each dredging project and be sent
to the appropriate authorities. As well, if there are any changes in the conditions specific
to the site or to the work (hydrology, contamination, dredging method, etc.), or if any
potential effects on aquatic life are suspected, the need to monitor SS increases must
be reviewed.
In cases where sediment contamination is considered significant, particularly
contaminated sediment remediation projects, SS monitoring is necessary and additional
measures could be recommended (see section 4.4). For example, special monitoring
Recommendations for the Management of Suspended Solids (SS) During Dredging Activities
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may be required to validate the modeled area of contaminated SS dispersion and to
protect sensitive elements of the receiving environment.

4.3.1 Turbidity as a SS indicator
Relationship between turbidity and SS
In aquatic environments, organic SS (microorganisms), inorganic SS (clays, silts, fine
particles) and dissolved substances (organic acids, metals, etc.) are responsible for
phenomena such as light scattering and/or absorption. Turbidity is a measure of these
optical properties of water (IADC 2007; Minella and al., 2008; Thackston and Palermo
2000; Ziegler 2002).
Developed by Jackson in the early 20th century (Jackson candle turbidimeter), turbidity
measurement has since evolved (Downing, 2005; Lillycrop and al., 1996 and USEPA,
1999a). The most common method for measuring turbidity is nephelometry. A
nephelometer (or nephelometric turbidimeter) measures the amount of light scattered by
suspended particles, which is expressed in nephelometric turbidity units (NTU) (CCME,
2002). The intensity of light scattered (by suspended particles) is measured at a 90°
angle from a beam of incident light.
Unlike SS analysis, which is time-consuming and costly as it must be performed in a
laboratory by filtering and drying at 105 °C (CEAEQ, 2009), turbidity measurement is
quick and easy and can be done continuously in situ (Downing 2005; Hudson 2001;
Thackston and Palermo 2000; USEPA 1999b). That is why turbidity, which has been
studied in the field for several decades, is used to gain a better understanding of the
correlation between turbidity and SS (Ritter and Brown, 1971; Thrular, 1978). Numerous
factors affecting the measured turbidity value (Table 13) have thus been documented
(Chanson and al., 2008; Ginting and Mamo, 2006; Hudson, 2001; Lewis, 2003; Lewis
and al., 2002; Marquis, 2005; Teixeira and Caliari, 2005).
Table 13 : Main factors influencing the turbidity value measured in situ
Parameters to consider

Particles

Water column

Equipment

Influence factors
Particle size
Angularity
Composition (organic and/or inorganic)
Refractive index
Absorption spectrum
Colour
Physical/chemical characteristics (temperature, salinity, etc.)
Dissolved substances
Air bubbles
Colour
Incident light beam wavelength
Detector characteristics
Calibration

Sediment particle size is one of the factors that has a significant effect on turbidity. At a
given SS concentration, the turbidity will be higher for fine particles (clays and silts) than
for coarse particles (sands) (Figure 7).
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Figure 7 : Effect of sediment particle size on the relationship between turbidity and SS
(Marquis 2005)

Generally, the relationship between turbidity and SS is a function of factors specific to
the watershed, such as the nature of the geological substrate, which determines the
physical and chemical properties of the sediment and water. The relationship also
depends on temporal variations (seasons, climate, specific events) that have an effect
on the hydrodynamics of the stream and, as a result, on sediment resuspension and SS
dispersion (Chanson and al., 2008; Lewis, 2003 and 1996; Lewis and al. 2002 and
Minella and al., 2008). The following examples illustrate these variations. Table 14
presents the results of correlation monitoring between turbidity and SS over several
months (July 2004 to May 2005) in the Arvorezinha basin (Rio Grande do Sul, Brazil).
Table 15 presents a review of various studies that have allowed for the establishment of
correlations between turbidity and SS.

Recommendations for the Management of Suspended Solids (SS) During Dredging Activities

38

Table 14 : Examples of temporal variability in the correlations between turbidity (TUR in %
diffused light) and SS concentration (mg/L) for a given site (Minella and al., 2008)
Date
July 15, 2004
Sept. 20, 2004
Sept. 22, 2004
Oct. 23, 2004
Apr. 1, 2005
May 11, 2005
May 18, 2005
May 20, 2005

Regression equation
SS = 0.132 × TUR2.204
SS = 0.017 × TUR2.750
SS = 0.058 × TUR2.446
SS = 0.668 × TUR1.831
SS = 0.451 × TUR1.908
SS = 0.304 × TUR2.010
SS = 0.308 × TUR2.069
SS = 0.448 × TUR1.885

Coefficient of determination r2
0.960
0.984
0.941
0.809
0.887
0.927
0.820
0.931

Table 15 : Examples of temporal variability in correlations between turbidity (TUR) and SS
concentration (Chanson and al., 2008)
Reference*

Conditions
Eden catchment, Victoria (Australia)

Gippel, 1995
Latrobe River, Victoria (Australia)
Caspar Creek, California (U.S.A.)
1991–1993
Lewis, 1996
Caspar Creek, California (U.S.A.)
1994–1995
Grayson and al., 1996

Latrobe River, Victoria (Australia)
April 1992

Smith and Davies-Colley,
2002

Esopus Creek, New York (U.S.A)
storms

Mitchell and al., 2004

Pagham Estuary (United Kingdom)

Pavanelli and Bigi, 2005

Sillaro torrent (Italy)
Clays and silts < 0.2 mm
Water and sediment sample (no. 1)
Eprapah Creek, Queensland (Australia)

Chanson and al., 2008

Brisbane tap water and sediment
sample (no. 1)
Eprapah Creek, Queensland (Australia)

Correlation**
 TUR = 0.84 × SS + 4.62
if 2 ≤ SS ≤ 153 mg/L
 TUR = 0.85 × SS + 1.97
if 2 ≤ SS ≤ 868 mg/L
 3√SS = a × 3√TUR + b
if 5 ≤ SS ≤ 2000 mg/L and
if 5 ≤ TUR ≤ 600 NTU
 log10(SS) = a × log10(TUR) + b
if 10 ≤ SS ≤ 1000 mg/L and
if 20 ≤ TUR ≤ 250 NTU
 SS = 0.92 × TUR – 0.76
if 0 ≤ SS ≤ 140 mg/L and
if 0 ≤ TUR ≤ 125 NTU
 TUR = 160 × SS0.92
if 0 ≤ SS ≤ 30 g/m3 and
if 10 ≤ TUR ≤ 1000 NTU
 SS = 0.8088 × TUR – 12.571
if 10 ≤ SS ≤ 105 g/L and
if 50 ≤ TUR ≤ 150 NTU
 SS = 0.00065 × TUR + 2.78
if 1.5 ≤ SS ≤ 30 g/L and
if 0 ≤ TUR ≤ 35 000 NTU
 SS = 0.00485 × TUR – 0.0350
if 0 ≤ SS ≤ 0.71 g/L and
if 7 ≤ TUR ≤ 151 NTU
 SS = 0.00419 × TUR – 0.00359
if 0 ≤ SS ≤ 0.78 g/L and
if 0 ≤ TUR ≤ 187 NTU

* The complete references for the studies are available in Chanson and al., 2008.
** a and b are linear regression constants.

There is therefore no universal relationship between turbidity and SS concentration
(Thackston and Palermo, 2000; Truhlar, 1978). The relationship varies from stream to
stream, and even from one stretch of a stream to another, and from season to season.
The turbidity-SS correlation curve, obtained by paired measurements of the two
variables, is specific to the sediment and hydrodynamic characteristics of the dredged
site.
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The study conducted in 1999 in Baie des Sept Îles (Roche ltée, 2000) showed that the
correlation between turbidity and SS may vary significantly from one location in the bay
to another (Figure 8). The authors explained that the mineralogical composition and
particle size distribution of the foreshores is not homogeneous in the periphery of Baie
des Sept Îles. At some locations, they consist of fine, shiny sand and, at other locations,
clayey silts or sediments rich in reddish or black iron oxide. As well, the sediments taken
from the Wabush Mines dock differ from those of the foreshores.

Figure 8 : Relationships between turbidity and SS observed in various areas of Baie des
Sept Îles. a: west section, eelgrass bed; b: north sector of the bay; c: Wabush Mines
dock, east side; d: Pointe à la Marmite; e: eelgrass bed, southwest side; f: Wabush
Minesdock west side (Roche ltée, 2000).

The Baie des Sept Îles study illustrates the importance of determining the turbidity-SS
correlation for each site. For a single dredging project, several calibration curves may be
required if the characteristics of the area to be dredged are variable.
Development of the turbidity-SS correlation curve
The correlation between turbidity and SS is established in the laboratory, before the
start of dredging operations, in order to begin SS monitoring as soon as possible. That
makes it possible to quickly identify a potential SS increase due to an operational
malfunction, for example. Depending on whether dredging or open-water disposal is
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involved, this calibration can be done two different ways8 (Earhart 1984, cited in
Thackston and Palermo 2000).


In the immediate vicinity of the operating dredge, fine and coarse sediments
are suspended in the water due to mixing caused by the action of the dredge.
Turbidity and SS measurements can be made on successive dilutions of a
sediment sample collected on site that is representative of the substrate that
generally characterizes the site. The sampling methods are described in the
Sediment sampling guide for dredging and marine engineering projects in the St.
Lawrence River (EC, 2002a and 2002b). To obtain paired data to be used in
developing the correlation curve between SS and turbidity, several methods have
been developed. The following example illustrates the steps in the procedure:

1. Before the work begins, prepare a 1-L mixture consisting of 2 g(1) of wet
sediment and site water.
2. After agitating the mixture, extract 20 to 50 mL for SS measurement and 100 to
130 mL for turbidity measurement, so as to extract a total volume of 150 mL.
3. Add 150 mL of site water to what remains of the mixture from Step 1 to obtain a
new 1-L sample.
4. Repeat the extractions for SS and turbidity measurement (by repeating steps 2
and 3), developing a series of 40 serial dilutions (or until the method detection
limit is reached) to cover the entire range of potential concentrations at the
dredging site.
(1) The volumes required for the SS and turbidity analyses may vary by laboratory. Check with the
laboratory and adjust accordingly. Considering that sediments have a moisture content of approximately
40%, the quantity recommended here for the initial mixture (2 g of sediments in 1 L of water) will produce
an initial theoretical concentration of approximately 1200 mg/L. If the volume obtained at each dilution is
150 mL in total (for SS and turbidity), the final SS concentration after 40 dilutions would be approximately 2
mg/L.



8

At the open-water disposal site, the particles settle at different rates,
depending on their size and density. As the coarser, heavier particles settle,
residual turbidity is caused by finer particles. The response of the measuring
device (turbidimeter or optical backscatter sensor (OBS)) at the discharge site
will therefore not be the same as it would be closer to the dredge (Roche ltée,
2000). This settling phenomenon may be reproduced in the laboratory using a
settling column measuring at least 1.80 m in height and 15 cm in diameter (and
preferably 20 cm to avoid wall effects). To obtain the paired data for establishing
a relationship between SS and turbidity during monitoring of open-water
disposal, it is recommended that the following procedure be followed:

Similar approaches have been used in dredging operations monitoring at Pointe-Noire (Procean inc. 1999;
Roche ltée 2000) and the Grande-Entrée channel, Îles-de-la-Madeleine (CJB Environnement inc. 2009).
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1. Before the work begins, prepare a mixture of sediment and site water to obtain
an SS concentration approximating the discharge concentration.
2. Fill the settling column with this suspension.
3. As soon as the slurry has started to settle, take a sufficient volume of water
from just below the water surface in the settling column to perform the turbidity
and SS measurement.
4. Repeat the sampling until the SS concentration has dropped below the
management criteria. It is not necessary to maintain a uniform interval for
sampling. However, (i) an interval of 30 min to 1 h is recommended for the first
8 to 16 hours of the test, and (ii) at least 20, and preferably 40, samples should
be taken within the first two days of the test.

Laboratory measurements of turbidity and SS
For the laboratory turbidity measurement, it is recommended that the following method
or an equivalent method (CEAEQ, 2009) be used:
Détermination de la turbidité dans l’eau : méthode néphélémétrique. MA. 103 – Tur.
1.0, Rév. 4, Ministère du Développement durable, de l’Environnement et des Parcs du
Québec, 10 p. [French only]
For the laboratory SS measurement, it is recommended that the following method or an
equivalent method (CEAEQ, 2012)1 be used:
Détermination des solides en suspension totaux : méthode gravimétrique, MA. 104 –
S.S. 2.0, Ministère du Développement durable, de l’Environnement, de la Faune et des
Parcs du Québec, 8 p. [French only]
1

Use of a 0.45-μm filter is recommended.

The scatter plot of paired turbidity-SS concentration data provides a visual
representation of the nature of the relationship between the two variables. The
goodness of fit can be expressed as a linear (y = ax + b), polynomial (y = ax2 + bx + c),
exponential (y = Keax), logarithmic (y = a ln x + b) or power (y = Kxa) function. The
various possible relationships (linear, second degree polynomial, exponential, etc.) must
be established in order to determine which provides the best result, i.e., the one that
presents the best coefficient of determination. The coefficient of determination r 2 of the
regression line obtained provides an indication of the validity of the turbidity-SS
relationship. If the value of r2 is close to 1, the variables are highly correlated.
Conversely, the closer r2 is to 0, the more independent the variables are. A coefficient of
less than 0.6 indicates that turbidity is a bad indicator of SS concentration (Downing,
2005). In this case, it is necessary to supplement the data with additional sampling and
to verify the functioning and calibration of the measuring instrument as well as the type
of relationship established. If the relationship between the two parameters is valid, the
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SS concentration can quickly be determined on the basis of the in situ turbidity
measurements.
Once the best turbidity-SS relationship has been established, this relationship is used to
evaluate the SS concentrations in real time based on the turbidity measurements. Once
the dredging is in progress and operating conditions have begun to stabilize, the
correlation must be verified and adjusted with new paired turbidity-SS data obtained in
the field (IADC, 2007; Lewis and al., 2002; Minella and al., 2008; Thackston and
Palermo, 2000). This must be done throughout the duration of work at a rate of two
paired measurements per week (see section 4.3.3).

4.3.2 Determination of sampling stations for monitoring ambient levels
(control stations) and levels generated by dredging (exposed
stations)
There must be at least one reference station (control station), positioned in an area not
affected by dredging, to allow for the monitoring of ambient concentrations. If site
conditions are highly variable, several control stations are required. The control stations
must be representative of the conditions at the dredging site. Ideally, they are located in
areas that have the same characteristics (water depth, current, substrate, particle size)
as the dredging area. When SS monitoring is required at the open-water disposal site,
e.g., in the presence of a hydraulic dredge that pumps sediments to the disposal site,
ambient concentrations specific to the disposal site must also be determined. In this
case, a control station is established near the discharge site, in an area not influenced
by the discharge of sediment.
At least two monitoring stations (exposed stations), positioned at 100 m and 300 m from
the dredge (or discharge point) in the dispersion plume, must be installed to monitor the
increase in SS caused by the dredging work. In certain instances where specific uses or
more sensitive areas for aquatic wildlife must be protected, additional monitoring
stations may be required in order to verify that these uses are not affected by the
dredging. To ensure that the monitoring stations are positioned in the dispersion plume,
the direction of the current must be taken into account. In areas of the river under tidal
influence, the direction of the current is reversed when the tide rises; therefore,
monitoring stations must be planned upstream and downstream from the dredge. During
the rising tide, when a current reversal takes place, turbidity monitoring will be
conducted at stations located upstream from the dredge in the dispersion plume. During
the ebb tide, the stations located downstream from the dredge will allow for dispersion
plume monitoring.
In certain areas that have complex water flow, there are several factors that may cause
a variation in the currents and lead to major spatial and temporal variations in ambient
turbidity. The Roche ltée study (2000) highlights the importance of site geometry,
thermohaline stratification, wind and tides on the circulation of water masses in the
coastal areas of the Gulf of St. Lawrence, particularly in the Baie des Sept Îles. An
understanding of these phenomena helps in the planning of SS dispersion plume
monitoring.
When the hydrodynamic conditions of the site are known, sediment dispersion can be
predicted by modelling (Borrowman, 2006; Dredging Research Ltd. and HR Wallingford
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2003). The modelling results generally provide a good basis for determining the location
of reference and monitoring stations. In the absence of modelling or to verify sediment
dispersion, an echo sounder can be used to provide a visualization of the sediment
plumes, which are not always visible to the naked eye from the surface. As well,
instruments for monitoring turbidity (OBS) and currents (current meter) can be moored
to fixed representative stations. A current meter provides information on the orientation
and direction of the currents and to allow for adjustments to the reference and
monitoring station positions, if needed.

4.3.3

Turbidity monitoring in situ at control stations (ambient
concentration) and exposed stations (concentrations generated by
dredging)

SS monitoring is conducted by measuring turbidity in situ using a turbidimeter. The
turbidity data obtained (in NTUs) are translated into SS concentrations (mg/L) using the
turbidity-SS correlation curve (Section 4.3.1). The turbidimeter must have sufficient
range to obtain adequate coverage of the entire range of values likely to be observed at
the dredging site. Turbidity measurements should be taken at the surface and at various
depths in the water column. Ideally, measurements are taken at 1 m below the surface,
at 50% of the total depth and at 1 m above the bottom. In areas under tidal influence,
monitoring must generally alternate between upstream and downstream, according to
the tide phases, to remain in the SS dispersion plume (Section 4.3.2). It is important to
note the tidal phase (ebb, flood, slack) during each measurement.
It is recommended that turbidity be measured at least once every two hours during
dredging, at each exposed station, during at least the first week of work. Once the work
methods are adjusted, after one or two weeks, the sampling frequency can be reduced
to once or twice a day or more, depending on the conditions at the site. When
conditions deteriorate, it is important to increase monitoring frequency. Nevertheless, it
is clearly preferable, when possible, to install a turbidimeter or a fixed optical sensor that
measures turbidity continuously, thus facilitating SS monitoring.
At each exposed station, the average SS concentration is calculated, for each depth,
using the geometric mean of the data obtained over the daily dredging period or over a
period of six consecutive hours if the dredging is continuous.
At reference stations that can define ambient concentrations that are not influenced by
dredging, turbidity must be measured daily, or several times a day if conditions vary
(e.g., during heavy rains leading to a significant increase in ambient SS concentrations).
In areas under tidal influence, ambient concentration data must be obtained at the
different tidal phases. As well, in some circumstances, it may be preferable to obtain a
sufficient amount of data before the start of work to be able to establish the range of
ambient concentrations at the site according to the hydrodynamic conditions (high flow,
rain, wind, tide, etc.), to determine whether the water is clear or turbid. To this end, it is
suggested that at least 20 samples be taken over the entire water column (integrated
sample) over two or three days, in order to take account of natural daily variations
(influence of currents and tides). To determine whether the water is turbid or clear
(section 4.2), it is recommended that the median of the data be used.
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Given the large variability in the relationship between SS concentration and turbidity as
well as factors influencing its measurement (see Section 4.3.1), it is important to use the
same instrumentation throughout the entire monitoring process or to replace it with an
identical instrument or one having the same characteristics in the event of malfunction.
The turbidimeter used for daily monitoring must be calibrated once a day in order to
avoid measurement errors due to instrument drift.
To validate the turbidity-SS correlation curve (see Section 4.3.1) during dredging
activities, at least two samples intended for SS laboratory analysis are taken weekly in
plastic or glass containers. They must be kept at 4 °C during storage and transport. No
preservatives are necessary, but the storage time between sampling and analysis is 7
days (CEAEQ, 2012). As SS values obtained in laboratory will be compared to those
obtained by the correlation curve derived from the in situ turbidity measurements, it is
important that the samples sent to the laboratory correspond to the in situ measuring
points (same time and depth). It is desirable that water samples that are collected to
confirm the correlation curve have different SS concentrations.

4.3.4

Cessation of dredging

When the SS concentrations measured during dredging9 exceed the management
criteria indicated in Table 12 for more than 6 consecutive hours, the work should be
temporarily stopped to review the work methods in order to limit sediment resuspension.
Mitigation measures, such as the use of curtains or screens, may be taken to limit
sediment resuspension (see Chapter 5). Once the ambient concentrations are restored,
or when the management criteria can once more be met, the work may resume,
ensuring that it is properly carried out.
However, in the case of clear water, it can be difficult, in the field, to accurately check
the management criterion applied at 300 m from the dredge, corresponding to an
increase of 5 mg/L from ambient concentrations, because of its low value compared to
the error margin of the measuring devices. For this reason, this criterion can be used to
further verify the effect of the dispersion of SS downstream of the work, more than a
threshold trigger for the work stoppage. In this case, only the management criterion
applied to 100 m of the dredge is a trigger level of temporary work stoppage.

4.4 Other management targets
Protection of sensitive areas and species
Dredging activities, including open-water disposal, should be conducted at a time of the
year that causes the least impact on the life cycle of the species present. Accordingly,
before determining the dredging period in a given area, it is recommended that DFO

9

SS concentration measured during dredging corresponds to the geometric mean of the data collected
over the daily dredging period or over a period of 6 consecutive hours if dredging is continuous. When the
monitoring is done at several depths in the water column, the geometric mean is to be calculated
separately for each depth and compared separately against the management criteria.
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and the MFFP’s wildlife sector be consulted on the suitable periods for dredging
activities, as they may vary depending on the region and species present.
In areas subject to erosion, or when dredging requires the installation of curtains or
screens (see Section 5.2), it is desirable to avoid implementing the work during high flow
periods. Also, dredging or discharging dredged sediment is generally prohibited in
sensitive areas (spawning grounds, aquatic-grass beds, thermal cover areas, etc.).
When the work is carried out in areas where marine mammals are present, it is
recommended that DFO and the MFFP’s wildlife sector be consulted on any mitigation
measures that may be required to protect them, particularly those species considered to
be at risk or in decline.
Uses to be protected
During SS management planning, uses near the dredging site must be considered and
efforts must be made to protect them. As a result, the protection of sensitive species,
drinking/industrial water intakes, and commercial and leisure activities on the streams
may require the application of additional targets. In certain cases, regulations may be
associated with these uses (e.g., maximum SS concentrations at water intakes or in
aquacultural parks) and must be taken into account in the SS monitoring.
Disposal of water from dredged sediments
When the dredged sediments are managed on land, they must generally be dewatered,
either in basins or geotubes, before being transported to a final disposal site, if
applicable. The proportion of water contained in sediment can vary significantly
depending on type of dredge used (mechanical or hydraulic). If there is no chemical
contamination, the water extracted from the sediment can generally be discharged to
the aquatic environment once their SS concentration is less than or equal to 50 mg/L10.
In some situations however, this value may be revised downward, such as if the
sediment is contaminated or the sector contains sensitive areas or uses that must be
protected (see preceding two sections). The configuration of the dewatering site must
be such that it is possible to control surface runoff and to analyze the effluent water to
be returned to the aquatic environment. In some cases, when it is known that the
sediments are not contaminated and that the configuration of the dewatering site allows
for percolation of water into the dredged environment while retaining the dredged
sediments, it may be acceptable not to collect the effluent water for analysis. For
example, in the marine environment, it may be possible, when conditions allow, to
deposit the sediments in littoral areas for dewatering prior to their transport for reuse
(e.g., beach nourishment), without collecting the run-off water. However, the salinity of
the sediment must be taken into account. Dewatering sites should be selected such that
they do not contaminate the groundwater by percolation of salt water into the underlying
soil.

10

A concentration of 50 mg/L, measured on a grab sample, is generally used as an acceptable limit for the
control of run-off on industrial sites (MDDELCC, document in prep.).
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Management of contaminated sediments
When the characterization of sediments reveals chemical contamination, additional
measures may be implemented during dredging and the return of decant water, if
applicable. The greater the contamination, the greater the concern about sediment
resuspension and dispersion. Depending on the situation, it may be recommended, for
example, to modify the choice of dredging equipment or method, to use one or more
turbidity curtains, to use absorbent socks in the presence of hydrocarbons, to add the
monitoring of contaminants to the water quality monitoring, to add monitoring stations in
the vicinity of sensitive areas or to conduct biological monitoring in areas at risk. Chapter
5 provides information on the mitigation measures that can be taken.
For more information on contaminated sediment management, consult the following
documents:


Criteria for the Assessment of Sediment Quality in Quebec and Application
Frameworks: Prevention, Dredging and Remediation (EC and MDDEP, 2007);



Ecotoxicological Risk Assessment of Open-Water Sediment Disposal to Support
the Management of Freshwater Dredging Projects (MDDEFP and EC, 2013).
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5. Mitigation measures
5.1 Best dredging practices
When conducting dredging operations, the level of environmental performance achieved
in respect of generated SS varies from project to project, depending on the type of
dredge used, the skill of the operators, the nature of the dredged material, the
hydrodynamics of the environment, and the meteorological conditions at the time of the
work (USEPA, 2005; EC, 1994; Havis, 1988; Hayes, 1986; Herbich and Brahme, 1991).
To minimize sediment resuspension and loss during dredging or open-water disposal of
dredged sediments, all operational parameters must be taken into account in project
planning in order to ensure the dredging equipment, work protocol and work schedule
are adapted to the site targeted by the project.
With mechanical dredges, sediment resuspension that takes place during digging is
caused primarily by (i) the impact of the clamshell bucket on the bottom; (ii) leakage of
material from the bucket if it does not close in a watertight fashion; (iii) the erosive action
of the water column as the bucket rises; and (iv) overflow from the bucket when it is
removed from the water. As well, when dredged sediments are loaded onto barges, the
water in the sediments accumulates in the barge. Excessive filling of barges may result
in major overflows and cause resuspension of fine particles that have not settled out.
In contrast to mechanical dredges, hydraulic dredges generate little resuspension during
dredging, except when a cutterhead is used to remove consolidated material. However,
the use of a suction bucket eliminates this problem. Overflows and open-water disposal
of the water sediment mixture are the main sources of sediment resuspension. As such,
hydraulic hopper dredges using the overflow system may generate more significant
increases in SS than mechanical dredges. When the water sediment mixture resulting
from dredging is stored on the dredge for open-water disposal, the particles settle and
the supernatant is released. However, the time allotted for settling is generally
insufficient for fine particles. They are then released during overflow and lead to the
formation of turbid plumes behind the dredge.
There are also dredges especially designed to limit sediment resuspension (Amphibex,
Mudcat, etc.). They are used primarily for small- or medium-sized projects and their use
is limited by the depth of the site to be dredged (CSL, 1992).
The measures that may be undertaken by proponents of dredging projects to minimize
adverse environmental effects are described in some detail in a number of government
publications (EPA, 2001; JGPO, 2010; LTMS Agencies, 2001; MPCA, 2011; OSMB,
2012; USEPA, 2005; Palermo and al., 2008), reports by international non-profit
associations (PIANC EnviCom Working Group 100, 2009), conference proceedings
(Francingues and Thompson, 2006) and consultants’ reports (Anchor Environmental,
2003; Anchor QEA and Thomas Johnson Consultant, 2011). Measures aimed
specifically at reducing sediment resuspension and limiting the loss of SS during
dredging operations (including the possible release of contaminants) cover various
aspects of projects, in particular:
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choice of equipment;
best dredging practices; and
dredging management based on the environment.

For each of these aspects, Table 16 presents a non-exhaustive list of possible mitigation
measures, depending on which of the three types of dredges most commonly used in
Quebec (i.e., mechanical dredges, hydraulic dredges, and hydraulic hopper dredges) is
used for the work (CSL, 1992; Havis, 1988).
With respect to the open-water disposal of dredged sediments, it may be appropriate to
monitor the SS generated at the time of disposal. However, it will be difficult to modify
the operations or to apply specific mitigation measures adapted to the operations. It is
therefore important to properly assess the acceptability of disposing of dredged
sediments in open water in advance. The impact of sediment accumulation on the
bottom and long-term sediment transport have been demonstrated in particular sections
of the river, such as the disposal site located downstream from Madame Island, where
changes to the substrate and to fish foraging habitat have been observed well beyond
the mapped disposal area (Nellis and al., 2007; Hatin and al., 2007; McQuinn and Nellis,
2007). Additional monitoring conditions may be required for these types of impacts,
which are not addressed by the recommendations in this report, as they relate
specifically to the management of SS increases in the water column during dredging
activities.
In determining the method for dredged sediment management, alternative options to
open-water disposal must be considered. These options must include sediment re-use
on land or in aquatic environments. The option with the least environmental impact while
still being economically feasible (EC and MDDEP, 2007) must be selected.
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Table 16 : Possible mitigation measures for dredging and open-water disposal projects
(Anchor Environmental, 2003; CSL, 1992; EC, 1994; USEPA, 2010)
Dredge

Choice of equipment

Mechanical

Hydraulic

Hopper
All types

Mechanical

Best dredging practices

Hydraulic

Hopper

Management of
environment

All types

Aquatic life

Uses

Mitigation measures
Seal barge and scow buckets and hatches
Use a hydraulic clamshell bucket (double wall)
Close the backhoe hydraulically
Use a suction bucket
Seal pipe joints
Increase suction power and capacity (booster pumps)
Install a conic cutterhead directly underneath the suction conduit
Install a shield close to the aspirator head or cutterhead
Remove the cutterhead in fine and soft materials
Use adjusted and appropriate blades
Install a tremie tube and/or a diffuser at the end of the conduit if this makes it
possible to reduce speed and turbulence during open-water disposal
 Use an anti-turbidity overflow system
 Choose the most appropriate type and size of dredge
 Use a submerged diffusor system (discharge)
 Use protective screens (see Section 5.3)
 Slow bucket lowering and lifting speeds
 Install a device to ensure the bucket is closed before lifting
 Avoid levelling of the bottom by pivoting the bucket on the bottom
 Lower the bucket as far as possible into the scow
 Limit the cut depth so that it corresponds approximately to the cutterhead diameter
 Optimize the cutterhead rotation speed with pump suction power
 Limit the cutterhead rotation speed to 30 revolutions per minute (CSL, 1992)
 Clean the pipeline before removing or adding a section of pipe
 Avoid the use of overflow with fine materials
 Ensure precise positioning of the dredge head in sediments to be dredged
 Optimize the dredge speed with pump suction power
 Have trained operators handle, clean and maintain equipment
 Raise anchors before moving the dredge
 Use a dredge-advancing technique that minimizes windrows
 Use a stepped cut instead of vertical cuts
 Limit project dimensions to what is strictly necessary
 Assess the SS dispersion plume
 Conduct dredging and disposal during low flow periods to avoid SS dispersion and
ensure the effectiveness of control measures (outside periods of restriction)
 Take precautions to limit the overflow containing SS when filling barges
 Comply with load restrictions during transport to avoid an accidental spill
 Regulate the volumes of material discharged by unit of time or receiving water
volumes (disposal)
 Choose disposal methods and sites that limit SS dispersion and erosion
(settling basin, capping …)
 Assess dredged sediments (bank stabilization, beach replenishment …)
 Conduct dredging and disposal during periods of little biological activity (i.e., outside
critical periods) for the protection of aquatic life (spawning, migration)
 Take sensitive components of the environment (spawning grounds, shellfish
growing waters …) into account
 Spread discharged material to reduce thickness covering benthic organisms (during
disposal)
 Ensure similar composition of sediments at the dredging and disposal sites
(physical, chemical and biological characteristics)
 Take associated uses and regulations (drinking water, commercial and leisure
activities) into account
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5.2 Silt/turbidity curtains and screens
Depending on the site conditions and type of project, silt/turbidity curtains or screens
can be used to limit the dispersion of SS generated during dredging operations (Anchor
Environmental, 2003; CSL, 1992; USACE and al., 2001). They are used to protect
specific areas (sensitive environments, water samples, recreational areas, etc.) from
increases in SS concentrations (Francingues and Palermo, 2005; JBF Scientific
Corporation, 1978; USACE, 1997). Depending on site characteristics, type of curtain or
screen, and deployment method used, these devices can be relatively effective in
containing SS in a limited area and for promoting lower turbidity.
Although some curtains or screens are designed to be used in currents of up to 6 km/h
(1.5 m/s) and in areas subject to wind, waves, and tidal action, this type of device is
generally more effective when currents are slow to moderate, water levels are relatively
stable, and water depths are less than 5 to 6 m (Francingues and Palermo, 2005; JBF
Scientific Corporation, 1978; OMEE, 1994; USACE, 1997).
Turbidity/silt curtains and screens may be extended to the bottom of the waterway, but
they are generally installed to allow water to flow under them, as they are designed to
confine turbid waters, not to impede the movement of water (Francingues and
Thompson, 2006). According to a study by the JBF Scientific Corporation on the
effectiveness of silt screens (1978), under normal hydrodynamic conditions and under
ideal conditions for use of the screen, turbidity levels in the water column outside the
screen can be as much as 80% to 90% lower than turbidity levels inside the screen.
Nevertheless, it is possible for the hydrodynamic conditions (waves, currents) to
displace the screen. If the screen touches the bottom, turbidity off the site may increase
and exceed that within the containment area. In agitated water, the anchor points must
be set at regular intervals of between 15 and 30 m on both sides of the curtain or
screen. A minimum gap of 30 cm must be left between the weighted lower end of the
curtain and the surface of the accumulated sediment layer (JBF Scientific Corporation,
1978; USACE, 1997). Several types of protective screens are illustrated in Appendix D.
When relocating or removing curtains and screens, precautions should be taken to
avoid or minimize resuspension of settled sediments (Francingues and Palermo, 2005).
It is recommended that the devices be removed only once the water quality within the
area is comparable to that outside it, while meeting a minimum timeframe of 24 hours.
In all cases, the manufacturer’s recommendations must be followed to ensure optimum
operating conditions.
When dredged sediments are discharged in open water, only a small percentage of the
particles normally remain suspended in the water column. The vast majority of sediment
descends rapidly to the bottom as a mass. When it hits the bottom, it forms a fluid mud
layer over the bed of the watercourse. Turbidity/silt curtains and screens are not
designed to contain fluid mud. In fact, sediment accumulation can pull the device
underwater. Particular attention must therefore be paid to this type of situation
(Francingues and Palermo, 2005; JBF Scientific Corporation, 1978).
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Conclusion
Targets specific to SS management associated with dredging activities have been
identified through the analysis of naturally occurring ambient SS concentrations in the
St. Lawrence River and measured SS concentrations in dredging situations. SS
management criteria have been identified for work in both clear and turbid waters based
on the effects of SS on aquatic life and in situ observations collected during dredging
operations in recent years. The criteria reflect spatial and temporal variability in ambient
concentrations, which are significantly elevated in the MTZ of the St. Lawrence during
the spring and fall freshets.
To ensure the protection of aquatic ecosystems, these management criteria are
complemented by general management targets for the protection of sensitive areas
(spawning grounds, aquatic-grass beds, thermal shelter areas, etc.) and water uses
(intakes, aquaculture, leisure). A detailed analysis of each dredging project must be
conducted to identify management targets appropriate to the situation in question. In all
cases, dredging work must be completed in accordance with best practices and must
include mitigation measures to minimize resuspension of SS and their impacts on
aquatic life.
These SS management targets were developed for dredging projects in the St.
Lawrence River, as it is the site of the largest and most numerous dredging activities in
Quebec. However, they may be used, with adaptations if necessary, to guide dredging
or excavation work conducted in other Quebec waterways. They may also serve as the
basis for guiding any work in an aquatic environment that could increase SS
concentrations, such the construction of wharves, dykes or bridge piers.
These targets were developed for managing the dredging of uncontaminated sediments.
In the case of contaminated sediments, additional measures may be recommended,
depending on the situation and the extent of contamination, in the context of both
maintenance dredging and contaminated site remediation.
Other management targets for dredging operations have been developed, including
those under the St. Lawrence Action Plan. The St. Lawrence Dredging Activities
Planning Registry, posted on the St. Lawrence Action Plan website, contains information
relating to upcoming dredging projects on the St. Lawrence and aims to facilitate
collaboration among proponents associated with dredging projects and with mediumand long-term regional planning of dredging operations. It is recommended that all
proponents of dredging projects use this registry. The registry web page brings together
all reference documents, guides and decision diagrams relating to dredging operations
and contaminated sediments.
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Appendix A
Tableau A-1 : Ambient SS concentrations (mg/L) observed from 2003 to 20081 in the
various sectors of the St. Lawrence (MDDEP, 2010)

Upper
estuary

Fluvial estuary

Fluvial section

Area

ZTM

Lower
estuary

Gulf

1

N°

Station

N

Minimum

C10

C90

Maximum

1*
2*
3
4
5
6
7
8
9*
10 *
11
12
13
14 *
15
16
17
18
19
20
21
22
23
24 *
25
26
27
28 *
29
30
31
32
33
34
35
36
37
38

Beauharnois Canal, Valleyfield
Aqueduc Canal, Lasalle, 300 m from shore
Ile Sainte-Thérèse, upstream (centre)
Ile Sainte-Thérèse, upstream (West Shore)
Ile Sainte-Thérèse, upstream (East Shore)
Repentigny-Varennes (South Shore)
Repentigny-Varennes (Centre)
Repentigny-Varennes (North Shore)
Contrecoeur, upstream from marina
Lavaltrie, between Hervieux and Mousseau islands
Tracy, Hydro-Québec line (South Shore)
Tracy, Hydro-Québec line (Centre)
Tracy, Hydro-Québec line (North Shore)
Sorel
Trois-Rivières, Laviolette bridge (South Shore)
Trois-Rivières, Laviolette bridge (Centre)
Trois-Rivières, Laviolette bridge (North Shore)
Bécancour port (South Shore)
Bécancour port (Centre, Buoy 23)
Bécancour port (North Shore)
Neuville-St Antoine de Tilly (South Shore)
Neuville-St Antoine de Tilly (Centre)
Neuville-St Antoine de Tilly (North Shore)
Anse du Cap-Rouge, 150 m from the shore
Cap-Rouge, across (South Shore)
Cap-Rouge, across (Centre)
Cap-Rouge, across (North Shore)
Anse aux sauvages, Lauzon, 300 m from shore
Île d'Orléans, south channel (South Shore)
Île d'Orléans, south channel (Centre)
Île d'Orléans, south channel (North Shore)
Saint-Jean-Port-Joli
Baie-Saint-Paul
Kamouraska
Port-au-Persil
Forestville
Sainte-Luce-sur-Mer
Capucins

66
70
36
36
36
36
36
36
63
71
36
36
36
70
36
36
36
36
36
36
35
35
35
69
36
36
36
63
35
35
35
15
15
15
15
15
15
14

1
1
1
2
1
1
2
1
1
1
2
3
3
1
3
4
5
3
4
4
3
5
6
1
5
6
3
1
6
6
7
32
19
6
4
6
6
4

1
1
2
2
1
2
2
2
3
4
3
3
4
2
5
5
6
4
5
6
5
6
8
2
7
8
6
2
7
8
8
36
23
7
4
6
9
4

Median
2
2
3
3
3
3
3
6
9
14
5
5
9
6
7
7
9
6
8
11
8
10
12
7
10
12
10
10
11
12
12
55
28
8
7
10
10
7

4
4
4
6
7
6
5
9
34
43
6
7
14
28
17
18
19
16
14
21
21
19
21
26
22
21
23
29
19
20
19
170
38
11
12
10
14
9

110
11
6
11
13
12
9
11
75
110
9
8
17
53
56
23
32
34
37
74
32
40
39
43
34
52
27
57
43
44
53
220
38
11
12
14
16
12

Average
4
2
3
4
4
3
3
6
13
20
5
5
9
11
10
9
11
9
10
13
11
12
14
10
12
14
12
13
13
14
14
81
29
8
8
10
10
7

39

Rivière-au-Tonnerre

15

4

4

8

12

27

9

40

Rivière-la-Madeleine

15

3

4

7

8

11

6

41

Cap-d'Espoir

15

4

5

7

11

12

8

42

Paspébiac

15

3

4

8

10

11

8

43

Maria

15

3

4

6

9

10

6

At the main stations (*): sample once a month (1 sample per station), 12 months a year, from January
2003 to December 2008.
At secondary stations (1-31 except *): sample once a month (1 sample per station), six months a year
(May to October), from 2003 to 2008. For stations 32-43: sampling once a year (5 samples per station) in
July 2003, 2004 and 2005.
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Appendix B
Figure B-1 : Ambient SS concentrations (mg/L) observed from 2003 to 2008 in the fluvial section (MDDEP, 2010)
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Appendix C
Figure C-1 : Ambient SS concentrations (mg/L) observed from 2003 to 2008 in the fluvial estuary (MDDEP, 2010)
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Appendix D
Figure D-1 : Type I, II, and III Screens (Francingues and Palermo, 2005 and USACE, 1997)
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