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Etude des répercussions sur 1'environnement marin du projet
"Ashland 0il Terminal

Résumé

La premiére partie du rapport présente la description de 1'état actuel des mouve-
ments et de la circulation des masses d'eau, des marées, des glaces et 1'état ac-
tuel de la pollution de 1l'eau. On présente ensuite les influences et les réper-
cussions de la construction du port et de la digue sur les variables citées pré-
cédemment ainsi que sur 1'apparence et 1'esthétique de la région portuaire de
Grande-Ile, Kamouraska.

La deuxiéme partie du rapport décrit les méthodes actuellement utilisées pour la

surveillance et le contrdle des fuites d'huile dans le milieu marin (spectro-ra-
diométrie, analyse multi-spectrale, radar). La télédétection est un moyen simple,
reproductible, précis et automatique pour évaluer la surface affectée par une fui-

te d'huile, la nature et la quantité de polluant impliquée.

La troisiéme partie du rapport propose 1'implantation d'un réseau d'acquisition
des données de qualité (eau et sédiments) en deux étapes. La premiére pour é-
tablir la qualité physique, chimique et biologique du milieu; 'la seconde pour
rationaliser le réseau a partir des données et de 1'expérience acquises. Enfin,
on propose une méthode d'évaluation de 1'impact des opérations portuaires nomina-

les sur la qualité des eaux du fleuve.

Mots-clé:

impact, répercussion, environnement, marin, fleuve, eau, port, super-port, huile,
pétrole, surveillance, contrdle, fuite, déversement, réseau, acquisition, domnée,
qualité, Saint-Laurent, Grande-Ile, Kamouraska

Référence:

Couillard, D., E1 Sabh, M. (1973). Etude des répercussions sur 1'environnement
marin du projet ""Ashland 0il Terminal''. INRS-Eau, rapport scientifique no 46,
98 p. (Pour Ashland 0i1 Canada Ltd).
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1 Effects of GRANDE ILE Supertanker Port and

Jetty of the marine enviromment of Kamouraska

area




1.1

EFFECTS OF GRANDE-ILE SUPERTANKER PORT AND JETTY
ON THE MARTNE ENVIRONMENT OFF KAMOURASKA AREA

INTRODUCTION

It is perhaps enlightening, before delving into the proposed harbor
and Jetty at Grande Island, Kamouraska, and their effects on the
environment, to review our knowledge on the physical oceanography
of the St. Lawrence Gulf and Estuary.

Canadian hydrographic charts carry the name "St. Lawrence River"
eastward to a section passing roughly through the centre of Anticosti
Island, and the name "Gulf of St. Lawrence" for the remainder of the
system bounded by the mainland, Cape Breton Island, and Newfoundland
(Fig. 1). Since the upstream limit of salt penetration is near Quebec
City, the temm "estuary" could, by Pritchard's (1952) definition, be
used to include all of the river and gulf below this point. In this
report the term "river" is used here to refer to the area abowve Quebec
City, the "estuary" between Quebec City and Pte. des Monts, and the
"qulf" below Pte. des Monts. This use of the word "estuary", following
Forrester (1967), is admittedly an expedient to bridge the ill-defined
boundary between the regions bearing the historically accepted names
"St. Lawrence River" and "Gulf of St. Lawrence".

The Gulf of St. Lawrence has an area of 24lx103 sq. km. (Forrester and
Vandall, 1968). Through the St. Lawrence River and numerous smaller
rivers the gulf receives the drainage from an area of approximately
13xlO5 sqg. km. It is the principle sea access to our largest cities and
to. over 60% of the population of Canada, and it is the source of more
than 40% of all Canadian sea-fish landings.

The physical features of the Gulf have been summarized by El-Sabh et al.
(1969) who mention all the published and unpublished literature of
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physical oceanography up to 1968.

To quote from that paper: "The

principle connection with the Atlantic Ocean is through Cabot Strait.
A more restricted connection is through the Strait of Belle Isle.
The Strait of Canso, separating the mainland of Nova Scotia from

Cape Breton Island, is very narrow and since 1954 has been closed,

except for a lock through the causeway.

Table 1 shows the

characteristics of these connections ot the Gulf.

Characteristics of the entrances to the Gulf
of St.

TABLE 1

Lawrence

. Cabot Estuary sec- |Belle Canso Strait ‘
Strait tion (Pointe |Isle Before after
des Monts) Strait causeway cause-
way
Minimum width 104 km. 45 km. 16 kn. 1 km 25 n.
Maximum
unrestricted 480 m. 330 m. 60 m. 35 m. 10 m.
depth
Minimum : :
cross-section |35 x 105 m2 [12 x 106 m2 1 x 105 m2 |25 x 103 m2| 250 m?

area




The main feature of the bathymetry of the Gulf is the Laurentian
Channel (Fig. 1) extending from the Continental Shelf south of
Newfoundland through the gulf nearly to the mouth of Saguenay River.
From the edge of the Continental Shelf to Cabot Strait it has depths
ranging approximately from 600 to 400 m. From Cabot Strait inward
to a distance of about 640 km. it has depths of 400 to 300 m. The
Esquiman Channel, branching off from the Laurentian Channel, extends
from the central portion of the gulf northeastwards towards the
Strait of Belle Isle. It is more than 180 m. deep except as it
approaches the strait. To the south of the Laurentian Channel is the
shallower area known as the Magdallen Shallows. The estuarine Channel,
as shown in Fig. 2, is a funnel-shaped bay, varying in width from

20 km above the mouth of the Saguenay River to 45 km near Pte. des
Monts. The depth increases from about 10 m in the shoal area off
Quebec City to 60 m above the Saguenay. Off the mouth of this river,
the bed drops abruptly to 300 m, and remains approximately at this
depth through the rest of the defined systemv.

e

lle oux
Courdes

Pointe Aux s} 50 100 Km
Orignoux | S Mt )

Fig. 2. Lower St. Lawrence River and estuary.
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WATER MASSES:

Although the water mass pattern in the Gulf shows a three-layer
structure in summer, the basic pattern exhibited in winter, when
there is a cold upper layer varying in thickness from 100 to 150 m.
with temperatures as low as -1.7° C and salinities vary between

32.5 and 330/00. This is underlain by the deep water extending to
the bottam of the Laurentian Channel, with temperatures between 4

and 6° C, and salinities close to 34.50/00. The cold layer contracts
markedly in volume in spring and summer as the upper water is heated
by the sun and freshened by the spring land drainage, so that a third
layer appears at the surface, extending down to some 50 to 75 m.,
with temperatures as high as 18° C and salinities as low as 260/00.
Originally the cold water at intermediate depths was thought to
originate outside the qulf, but is now believed to be mostly locally
formed during the winter. From a quantitative temperature - Salinity
study of the gulf, Forrester (1964) concluded that " the intermediate
cold-water layer may be campletely accounted for as the remmant of the
locally-formed upper mixed layer of the winter. With the advent of
spring the melting of ice and the increase in run—-off would decrease
the salinity and the surface warming would increase the temperature
at the surface. These effects would then be diffused downwards by
vertical mixing, leaving a temperature minimum near the bottom of the
original mixed layer". Recent interpretation of the oxygen observations
in the gulf (D'Anglejan and Dunbar, 1968) and the existence of a summer
oxygen maximm towards the bottom of the thermocline just above the
intermediate layer, support Forrester's view about the origin of this

layer.

By study of the temperature-salinity relationships, Lauzier and Bailey
(1957), following Mclellan (1957), concluded that the deep warm waters
are formed outside the qulf through a mixing of Labardor and Slope waters.




Lauzier and Trites (1958) show that these deep waters have a maximum
temperature at a salinity of 34.60/00. Variation of the maximum
temperature fram a low of about 4° C in the 1920's to a high of about

6° C in the early 1950's, accompanied by an increase in volume of the
deep layer, was cbserved. This warming period was followed by a cooling
trend up to 1967, where temperatures decreased to 4° C, although warming
became apparent agin fram 1967 to 1971 (El-Sabh, 1972).

Only few investigations were carried out in the St. Lawrence Estuary

to study variations of the oceanographic properties. In February and
May 1963, Neu (1970) carried out a detailed study between Quebec City
and Pte. des Monts. These two months were chosen primarily to permit
an evaluation of the differences which occur in the estﬁaxy due to a
large variation in the fresh water inflow. It was concluded fram this
study that in the deep section of the St. Lawrence Estuary, the water
is divided into two layers, an upper and a deep layer, while in the
shallow section the upper layer extends throughout the depth. The
salinity of the deep layer was the same in May as in February, suggesting
that its content remains constant throughout the year although the
salinity of the upper layer changes with the fresh water inflow. The
upper layer is triangular in cross-section with the deeper side along
the south shore where the water is principally fresher, but colder in
February and warmer in May (Fig. 3) than on the north shore side, except
where the Saguenay River enters the system. The depth of this layer
increases seaward along the south shore while decreasing along the
north shore. Figure (4) shows horizontal distribution of surface
salinity in February, May and July, while surface temperature in the
first two months are shown in Fig. (5).
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CIRCULATION:

The general circulation around the Gulf of St. Lawrence is anti-
clockwise. Information on the circulation has been deduced from
direct current measurements (Farcquharson, 1962, 1963, 1966;
Blackford, 1965, Forrester, 1967, and Lawrence, 1968 ); fram
dynamical calculations (MacGregor, 1956; Trites, 1963, Farquharson,
1963, 1966; Blackford, 1965, 1967; Farquharson and Bailey, 1966;
Forrester, 1967; El-Sabh and Johannessen, 1972); from drift bottles
and drogue studies (Bumpus and Lauzier, 1965; Lauzier 1965, 1967;
Boudreault and Héritier, 1971, Boudreault, 1972); and from theoretical
models (Blackford, 1965; i Murty and Taylor, 1970). The
bulk of investigation has been done during the ice-free months of the
year, and very little information is available for the winter months.

Eady circulation studies in Cabot Strait were ocarried out by Dawson

(1913 ) and Sandstrom (1919). From geostrophic calculations

MacGregor (1956) found the circulation in the strait to be marked

by an outward surface flow strongest on the Cape Breton side with a

tendency for a weak inflow along the Newfoundland side. He found

‘much variation from cruise to cruise, with strongest currents in

August and least in April and May. In recent years direct current

measurements have been undertaken across Cabot Strait for approximately

one month. An examination of these measurements (Fig. 6) suggésts an

inflow through the whole depth of the Newfoundland side of Cabot Strait.
(E1-Sabh, 1973)

Investigation in Belle Isle Strait was undertaken by Dawson (1907);

Huntswan, Bailey and Hachey (1954); Bailey (1958), and Farquharson and

Bailey (1966). These studies all indicate that although there is no

large net flow through the strait, there is an inward movement of

Labrador coastal water on the Labrador side and an outflow of the qulf

water on the Newfoundland side. On same occasions a strong outflow
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through the strait is observed to last for several days or even weeks,
while on other occasions strong inflow may dominate for an equally
long time. The possible causes of these temporary dominant flows are
suggested to be the north-south barametric pressure gradient and the
wind effect (Dawson, 1907; Bailey, 1958; and Lawrence, 1968).

Prior to the construction of the Canso causeway there was a fairly
strong current through the Strait of Canso from George Bay towards the
Atlantic Ocean. Since the strait was closed this current has been
replaced by a fairly strong north-easterly outset along the shore of
Cape Breton Island towards Cabot Strait.

The outflow from the St. Lawrence River, which is the source of over
half of the fresh water discharge into the gulf, has a major influence
on the circulation of the Gulf of St. Lawrence. Farquharson (1966) and
Forrester (1967, 1970), have reported on current measurements made in

the St. Lawrence Estuary. By mooring strings of water bottles and
tripping them by time ' release, Forrester was able to obtain simultaneous
observations through the cross—-section of the estuary near Pte au Pére.
Eleven sets of simultaneous observations were obtained each at a different
phase of the semidiurnal lunar tide. Comparison of geostrophic currents
with direct current cbservations showed that a tidal oscillation was
present in the vertical shear of the geostrophic current in response to
the vertical shear in the tidal streams. It was concluded from this

that meaningful geostrophic current in the estuary can only be determined
from averaged time series observations. Forrester and El-Sabh (1972)
show how geostrophic currents adjusted to satisfy the condition of zero
average salt transport faithfully produce accurate estimates of fresh
water discharge from the St. Lawrence Gulf and Estuary. It was estimated
that horizontal advection is more important than horizontal diffusion as

a transport process.
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A fairly consistent feature observed in the outflow of the estuary

is the Gaspé& current, which begins to develop in the Rimouski -

Pte. des Monts areas (Fig. 7) and extends throughout the entire
length of the Gaspé coast. This current is coupled with an inflow on
the Anticosti Island side of Gaspé Passage. This general pattern,
however, is subject to considerable variations and the Gaspé current
may on occasions disappear (Farquharson, 1966).

Utilizing all information and measurements available in the gqulf
during summer period, Trites (1970) was able to draw a typical
summer surface circulation pattern (Fig. 8). The general two-way
flow in both entrance straits, the counterclockwise circulation in
the interior part of the Gulf, and the Gaspé current are the dominant
features. Highest speeds are found in the Gaspé current and in the
outflow through Cabot Strait, reaching values of 10-20 mi/day. From
the movements of parachute drogues in the southemgulf in summer and
by calculation of relative geostropic flow, Blackford (1965, 1967)
distinguished both clockwise and anticlockwise gyres 20-30 km. in
diameter in the layer above the thermocline. These smaller gyres were
observed to move with the general southeasterly flow along the north
shore of Prince Edward Island.

During the last 20 years, a study of a network of stations in the Gulf
of St. Lawrence was carried out during Novenber of each year to
provide the temperature-salinity data with which the Ice Forecast
Centre of the D.O.E. prepare their ice forecast. The bulk of this
data provide an excéllent opportunity to study the mean surface
circulation pattern during Novenber (El-Sabh, 1973). The existence
of two anticlockwise gyres, west and southeast of Anticosti Island,
the Gaspé current with velocities between 30-40cm/sec, the inflow
along the Newfoundland side of Cabot Strait and outflow along the
Cape Breton side are the main features in the average autum surface
circulation (Fig. 9).
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The first and (so far) only attemps to study the winter circulation

in the Gulf is that of El-Sabh and Johannessen (1972), based on
observations made on board the HMCS "Labrador" in March 1956 and 1957,
and the CSS "Baffin" in February 1962. From this study it was found
that the large anticlockwise gyre southeast of Anticosti Island, which
is a consistent feature of the summer and autum circulation, disappears -
in winter (Fig. 10). On the contrary, a smaller clockwise gyre has
been dbserved southeast of Anticosti Island. The surface flow through
Cabot Strait in winter was found to be outward on both sides of the
strait, stronger on the Cape Breton side, which agrees well with the
drift bottle experiménts at that time of the year (Bumpus and Lauzier,
1965). An interesting feature is the strong inflow of surface water
through the middle of the strait which is diverted to the north and
south and joins the outflowing current on both sidesof it. This
"blocking" of inflowing surface Atlantic water might be due to the
prevailing N W wind regime over the Gulf during the winter months, and
also to the influence of drifting ice. This general picture of surface
circulation in Cabot Strait compare favorably with the most recent
study by Ingram (1973), who tracked the ice fields to calculate the

winter surface currents around Cape Breton Island.

Data on subsurface currents in the Gulf are sparse and it is not feasible
at present to draw a picture for the entire Gulf at any season. Sea
bed drifters released by Lauzier (1967) in the southern and central part
of the Gulf show in general a well-marked seaward movement along the
50-100 fathom contour along the southwestern border of the Laurentian
Channel, that is along the edge of the Magdalen Shallows. An inward
flow usually is present along the 50-100 fathom contours on the north-
eastern side of the Laurentian Channel. A rather complex pattern
emerges for the southwestern Gulf, although a large area ( 7,000 mi2)
surrounding the Magdalen Islands shows a general covergence towards the
Islands. Residual bottom currents based on sea bed drifter experiments
appear to be mostly in the range 0.3 - 0.7 mi/day.
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Theoretical models based on simplified forms of the equations of
motion bave been used to study the large scale features of the
circulation of the Gulf of St. Lawrence. In this manner, Blackford
(1965, 1966) developed a two-dimensional electrical analog model for
wind-driven circulation in the qulf. This model succeeded in producing
a Gaspé current and an anticlockwise gyre in the central part of the
gulf. Murty and Tylor (1970) developed numerical models incorporating
more realistic topographic and oceanographic features in addition to
the wind stress. They obtained a more detailed representation of the
circulation the main features of which are in good agreement with the
observations. It is evident from the success of these wind-stress
models that the wind plays an important role in producing the large
scale circulation in the gulf.
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TIDES AND SEA LEVEL:

Studies of tidal phenamena in the gulf have been reported by Dawson
(1896, 1920) and Farquharson (1957, 1962 and 1966). The semidiurnal

and dJ.u:mal tides, from the North Atlantic Ocean, are both propagated
through Cabot Strait. The propagation of the tide can be most clearly
illustrated by a cotidal chart. Figure 11 shows the cotidal chart for
the semidiurnal lunar tidal constituent M,. It shows the influence of
the Coriolis force in the reduction of the nodal line to an amphidromic
point. Figure 12 shows the cotidal chart for the diurnal constituent K-
In most areas of the Gulf, the semidiurnal constituent dominates. Tidal
range increases rapidly towards the St. Lewrence River with a mean range
of about 10 ft at Father Point, 15 ft at Quebec City and 1 ft at Three
Rivers. The horizontal tide at Father Point has an average peak flow of
70 million CFS, which is reduced at Quebec City to about 1.5 million CFS.

Except in the St. Lawrence Estuary, Cabot, Belle Isle and Northumberland
Straits, amlother locally confined regions, tidal currents seldom exceed
0.5 kn. 1In Cabot Strait, tidal streams are typically of the order of a
knot. In some areas, the phase of the tidal stream varies significantly
with depth. Forrester (1970) suggests that the presence of an internal
tide in the St. Lawrence Estuary below the Saguenay River entrance
considerably influences the character of the tidal streams, particularly
in the upper layer of the estuary. Internal tides probably exist
throughout the qulf, but cbservational evidence of their importance is
still lacking. If present, their behaviour is likely to vary substantially
from season to season as the density structure undergoes marked variation
in the upper part of the water.

Using the principle of continuity and water level data, Forrester (1972)
was able to calculate seven harmonic constituents (MZ' Sz, N2, Kl' Ol’ M4
and M8 4) of the tidal transport and steams through each of 22 sections
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across the St. Lawrence river andvestua:cy (Fig. 13). Table lla

lists the M2 harmonic constituent of the vertical tide for each

region and of the tidal volume transport and mean tidal stream through
each downstream cross-section. The average M2 tidal stream through
cross-sections Ag, Al 4 A21'—,and A22 as obtained from the current
meters is also shown in Table lla. Tables 1llb to 1llg contain the

same information for the harmonic constituents Sz, N2, Kl’ Ol’ M4

and MS 4 respectively. All phase lags refer to Estern Standard Time.
Inflowing tidal streams have the positive sign. It was concluded

from this study that the average tidal streams through the sections
are more accurately determined from the tide gauge data and the
principle of continuity than could be accomplished by direct current
measurement. This was confirmed by Godin (1971), who used a simple
form of the hydrodynamic equations to study the steady and tidal flows
in the St. Lawrence River and Estuary. To quote from his report:

"From Trois Riviéres at the mouth of Lake St. Peter, onwards to the
Gulf of St. Lawrence the river flow and the water lewvel became
increasingly affected by the tide. First, the modifications are
slight and are appreciable only over intervals of two weeks or more.
Figure (14) shows the changes in level during a month at Trois Riviéres.
The daily tidal fluctuations ride on the back of a more important
semi-monthly oscillation. Downstream of Trois Riviéres the diurnal and
semidiurnal oscillations become predaminant. The change in level is
the shape of saw teeth when plotted on a time scale. The tide reaches
its maximum amplitude in the vicinity of the Isle aux Couldres;
downstream it decreases and takes a more symmetrical oceanic character.
Figures 15 and 16 show the change in level at Quebec and Pointe au P&re
during one month. Québec is a station where the tide has a shallow
water character although the tight time scale of the diagram does not
allow to fully realize this fact, while at Pointe au P&re the tide has
a smooth character.
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TABLE II a

Harmonic constituent M, (EST)
(after Forrester, 1972)

25

No. of Mean Tidal Mean Tidal Mean Tidal
Region Vertical Volume Stream Stream
i Tide Transport (Calculated) (Observed)
(m) (108 m3/s) (m/s) (m/s)
1 (0.03, 085°) (0.0013, 355%) (0.08, 355°)
2 (0.07, 018°%) (0.0014, 350°%) (0.08, 350°%)
3 (0.08, 355°) (0.0015, 3389 (0.12, 3389
4 (0.26, 326°%) (0.0020, 280%) (0.11, 280°%)
5 (0.35, 314%) (0.0032, 257°) (0.25, 257%)
6 (0.71, 283°%) (0.0047, 230°%) (0.49, 230°%)
7 (0.86, 275°%) (0.0071, 213%) (0.52,213%
8 (1.46, 245°%) (0.0156, 178°) (0.55,178%)
9 (1.54, 226°%) (0.0340, 154°) (1.55,154%) (1.67, 153%)
10 (1.83, 174%) (0.0512, 123%) (0.91, 123%
11 (2.00, 162°) (0.0739, 104°) (0.67, 104°%)
12 (1.98, 150%) (0.1765,077°%) (0.88, 077°%)
13 (1.93, 137%) (0.2736, 066°) (1.10, 066°)
14 (1.86, 125°%) (0.3655, 058%) (1.16, 058°) (1.20, 060°%)
15 (1.81, 108°%) (0.4306, 051°%) (0.75, 051°)
16 (1.68, 092°) (0.5507, 038°) (0.71, 038%)
17 (1.58, 084°) (0.6028, 033°%) (0.89, 033°)
18 (1.56, 074°%) (0.7197, 023°%) (0.69, 023%
19 (1.45, 062°%) (0.8261, 015°%) (0.19, 015%)
20 (1.35, 055°%) (0.9994, 004°) (0.19, 004°)
21 (1.32,054°%) (1.226, 356°) (0.14, 356%) (0.12, 353°%)
22 (1.16, 048°%) (2.056, 339°) (0.18, 339%) (0.16, 341°)




TaBLE Il b

Harmonic constituent S, (EST)

(after Forrester, 1972)

No. of Mean Tidal Mean Tidal Mean Tidal
Region Vertical Volume Stream Stream
i Tide Transport (Calculated) (Observed)
(m) (10°m?3/s) (m/s) (m/s)
1 (0.01, 112°%) (0.0005, 022°) (0.03, 022°%)
2 (0.02, 052°) (0.0005, 018°%) (0.03,018%)
3 (0.02, 027°) (0.0005, 007°) (0.04, 007°)
4 (0.06, 003°) (0.0007, 324°%) (0.04, 324°%)
5 (0.08, 356°) (0.0009, 304°) (0.07, 304°%)
6 (0.14, 329°%) (0.0012, 282°%) (0.12, 282°%)
7 (0.18, 318%) (0.0017, 264°) (0.12, 264°)
8 (0.29, 294°) (0.0033, 230°%) (0.12, 230°%
9 (0.34, 278°%) (0.0076, 205%) (0.35,205%) (0.38, 199°)
10 (0.44, 221°%) (0.0117, 169°) (0.21, 169°%)
11 (0.48, 213°) (0.0177, 152%) (0.16, 152°)
12 (0.49, 197°%) (0.0442,123°%) (0.22, 123%
13 (0.53, 182°%) (0.0715, 111°) (0.29, 111°)
14 (0.50, 162°%) (0.0954, 100°) (0.30, 100%) (0.29, 102°)
15 (0.48, 142°) (0.1117,091°%) (0.20, 091°%)
16 (0.52, 129%) (0.1486, 076°) (0.19, 076%)
17 (0.48, 122%) (0.1652, 070°) (0.24, 070°)
18 (0.50, 113%) (0.2059, 059°) (0.20, 059%)
19 (0.47, 101°%) (0.2437, 050%) (0.06, 050°%)
20 (0.43, 094°) (0.3053, 039%) (0.06, 039°)
21 (0.42, 095°) (0.3850, 031°) (0.04, 031°) (0.03, 023°%)
22 (0.34, 083°) (0.6368, 015°) (0.06, 015°) (0.06, 022°)
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TaBLE Il ¢

.Harmonic constituent N, (EST)
(after Forrester, 1972)

27

No. of Mean Tidal Mean Tidal Mean Tidal
Region Vertical Volume Stream Stream
i Tide Transport (Calculated) (Observed)
(m) (10°m?/s) (m/s) (m/s)
1 (0.01, 045°%) (0.0003, 315°) (0.02, 315%)
2 (0.01, 353°%) (0.0003, 312°%) (0.02, 3129
3 (0.02, 328% (0.0003, 302°) (0.02, 302°%)
4 (0.04, 309°) (0.0005, 264°) (0.03, 264°)
5 (0.06, 307°) (0.0006, 248°) (0.05, 248°%)
6 (0.10, 266°) (0.0008, 226°) (0.08, 226°%)
7 (0.12, 246°) (0.0010, 205°) (0.07,205%)
8 (0.19,225%) (0.0019, 164°) (0.07, 164°)
9 (0.33, 188°) (0.0055, 117°) (0.25,117%) (0.30, 140%)
10 (0.28, 155°) (0.0088, 094°) (0.16, 094%)
11 (0.30, 142°) (0.0124, 081°) (0.11,081%)
12 (0.36, 125%) (0.0308, 052°) (0.15,052°%)
13 (0.37, 114" (0.0497, 041°) (0.20, 041%)
14 (0.33, 099°) (0.0654, 033°%) (0.21, 033°%) (0.21,031°%)
15 (0.35, 082°) (0.0776, 025°) (0.14, 025°%)
16 (0.30, 064°) (0.0977, 012°%) (0.13, 012%)
17 (0.31, 056°) (0.1073, 007°) (0.16, 007°)
18 (0.31, 049°%) (0.1309, 357°) (0.13, 357%)
19 (0.30, 038°) (0.1535, 348%) | (0.04, 348°)
20 (0.27,031°) (0.1887, 337°%) (0.04, 337°%)
21 (0.25,031°%) (0.2323, 330°%) (0.03, 330°%) (0.03, 330°)
22 (0.24, 030°) (0.4129, 316°%) (0.04, 316°) (0.04, 318°%)




TaBLE IId

Harmonic constituent K; (EST)

(after Forrester, 1972)

No. of Mean Tidal Mean Tidal Mean Tidal
Region Vertical " Volume Stream Stream
i Tide Transport (Calculated) (Observed)
(m) (10°m?/s) (m/s) (m/s)
1 (0.02, 090°) (0.0004, 000°) (0.02, 000%)
2 (0.02, 052°) (0.0004, 358°%) (0.02, 358%)
3 (0.03, 034°) (0.0004, 352°) (0.03, 352°)
4 (0.06, 359°) (0.0005, 327°) (0.03, 327°)
5 (0.08, 353°%) (0.0006, 311°) (0.05, 3119
6 (0.12, 330 (0.0007, 294°) (0.07, 294°)
7 (0.14, 329°%) (0.0009, 281°) (0.07, 281°%)
8 (0.19, 302°) (0.0013, 251%) (0.05, 251%)
9 (0.19, 288°%) (0,0024, 224%) (0.11, 224°%) 0.12, 2279
10 (0.23, 263°)] (0.0038,202°) (0.07, 202%)
11 (0.24, 253%) (0.0054, 189°) (0.05, 189%)
12 (0.24, 246°%) (0.0121, 170°%) (0.06, 170%)
13 (0.23, 240°%) (0.0185, 163%) (0.07, 163%)
14 (0.25, 232 (0.0254, 157°%) (0.08, 1579 (0.07, 206°)
15 (0.25, 222°) (0.0308, 153°) (0.05, 153%)
16 (0.24, 215%) (0.0419, 145°) (0.05, 145°)
17 (0.24,213°% (0.0471, 142°) (0.07, 142%)
18 (0.25, 209°) (0.0596, 137°) (0.06, 137°)
19 (0.24, 205°) (0.0721, 133%) (0.017, 133%)
20 (0.23, 200%) (0.0919, 128°%) (0.017, 128°%)
21 (0.23, 201°) (0.1157, 124°%) (0.014, 124%) (0.013, 150%)
22 (0.23, 201°) (0.2111,118%) (0.018, 1189 (0.015, 120%)
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Harmonic constituent O, (EST)

(after Forrester, 1973)

29

No. of Mean Tidal Mean Tidal Mean Tidal
Region Vertical Volume Stream Stream
i Tide Transport (Calculated) (Observed)
(m) (10°m?/s) (m/s) (m/s)
1 (0.02, 052%) (0.0004, 322°) (0.02, 3229
2 (0.03, 020°) (0.0004, 320°) (0.02, 3209
3 (0.03, 005°) (0.0005, 316°%) (0.04, 316°%)
4 (0.07, 336°) (0.0006, 296°) (0.03, 296%)
5 (0.09, 330°%) (0.0007, 284°) (0.05, 284°)
6 (0.13, 3129 (0.0008, 271°) (0.08, 2719
7 (0.14, 306°) (0.0010, 260°) (0.07, 260°)
8 (0.18, 286°%) (0.0014, 236°%) (0.05, 236%)
9 (0.20,271°) (0.0024, 209°) (0.11, 209°) (0.13, 196%)
10 (0.22, 244°%) (0.0036, 187°) (0.06, 187°%)
11 (0.24, 235°%) (0.0050, 174°%) (0.05, 174%)
12 (0.24, 232%) (0.0113, 156°%) (0.06, 156°)
13 (0.24, 2219) (0.0172, 147°) (0.07, 147°)
14 (0.25, 214°%) (0.0234, 141°) (0.07, 141%) (0.06, 183°)
15 (0.24, 204°%) (0.0281, 136°) (0.05, 136%)
16 (0.24, 197°) (0.0381, 128°%) (0.05, 128%)
17 (0.23, 195%) (0.0427, 125%) (0.06, 125%
18 (0.24, 192°) (0.0541, 120 (0.05, 1209
19 (0.23, 187%) (0.0651, 116°%) (0.015, 116°)
20 (0.22, 182°) (0.0829,111°%) (0.016, 111%)
21 (0.23, 183°%) (0.1047, 107%) (0.012, 107%) (0.010, 107°)
22 (0.21, 183°%) (0.1858, 101%) (0.016, 101°) (0.015,115%




TaBLE IIf

Harmonic constituent M, (EST)

(after Forrester, 1973)
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No. of Mean Tidal Mean Tidal Mean Tidal
Region Vertical Volume Stream Stream
i Tide Transport (Calculated) (Observed)
(m) (10°m?/s) (m/s) (m/s)
1 (0.01, 039°) (0.0006, 309°) (0.04, 309°)
2 (0.02, 301°) (0.0006, 301°) (0.04, 301°)
3 (0.03, 254°) (0.0004, 277°) (0.03, 2779
4 (0.09, 217%) (0.0008, 142°) (0.04, 142%)
5 (0.10, 196°) (0.0016, 124°) (0.12, 124%)
6 0.21, 124°%) (0.0022, 083°) (0.23, 083%)
7 (0.24, 113°) (0.0033, 057°) (0.24, 057%)
8 (0.33, 043%) (0.0051, 352°) (0.18, 3529
9 (0.22, 009°%) (0.0089, 312°) (0.40, 312%) (0.34, 3189
10 (0.27,273% (0.0073, 253%) (0.13, 253°%)
11 (0.27, 256°) (0.0113, 207°%) (0.10, 2079
12 (0.15, 239°%) (0.0256, 171°) 0.13, 1719
13 (0.05, 173°%) (0.0264, 159°) (0.11, 159
14 (0.05, 068°) (0.0207, 159°%) (0.07, 159°) (0.04, 146°)
15 (0.09, 046°) (0.0138, 1729 (0.02, 172%
16 (0.08, 060°) (0.0060, 269°) (0.008, 269°)
17 (0.06, 077°) (0.0087, 304°) (0.013, 304°)
18 (0.05,123%) (0.0135, 353°%) (0.013, 353%)
19 (0.03, 113%) (0.0195, 003°) (0.005, 003°)
20 (0.03, 064°) (0.0285, 353%) (0.005, 353%)
21 (0.03, 085°%) (0.0401, 354°) (0.005, 354°) (0.007,021°)
22 (0.01, 081°%) (0.0550, 353°) (0.005, 353°) (0.008, 332°%)




TasLE Il g

Harmonic constituent MS, (EST)

(after Forrester, 1973)

31 LJ

No. of Mean Tidal Mean Tidal Mean Tidal
Region Vertical Volume Stream Stream
i Tide Transport (Calculated) (Obscrved)
(m) (10°m?/s) (m/s) (m/s)
1 (0.003, 072%) (0.0003, 342°) (0.02, 342°)
2 (0.01, 000°%) (0.0003, 336°) (0.02, 336°)
3 (0.02, 300°) (0.0003, 314°) (0.02, 314°%)
4 (0.04, 268%) (0.0004, 205°) (0.02, 205%)
S (0.04, 251°) (0.0007, 184°%) (0.05, 184°)
6 (0.07, 182%) (0.0009, 148°%) (0.09, 148°)
7 (0.09, 160°%) (0.0012, 116°) (0.09, 116%)
8 (0.12, 105%) (0.0019, 052°) (0.07, 1529
9 (0.11, 073%) (0.0042, 008°) (0.19, 008%) (0.22, 349°%)
10 (0.13, 324%) (0.0033, 301°) (0.06, 301°)
11 (0.13, 3189 (0.0059, 260°) (0.05, 260%)
12 (0.07, 295%) (0.0127, 227 (0.06, 227°)
13 (0.03, 237%) (0.0139, 212°) (0.06, 212°)
14 (0.02, 109%) (0.0115,214%) (0.04, 214%) (0.04, 2299
15 (0.04, 086°%) (0.0088, 230°) (0.02, 2309
16 (0.04, 100 (0.0057, 284°) (0.007, 284°%)
17 (0.02, 1209 (0.0055, 303%) (0.008, 303°)
18 (0.02, 187%) (0.0027, 344°) (0.003, 344°)
19 (0.02, 186%) (0.0034, 049°) (0.001, 049%)
20 (0.01, 1379 (0.0056, 048°) (0.001, 048°%)
21 (0.01, 162%) (0.0094, 058°) (0.001, 058%) (0.003, 079°)
22 (0.003, 251%) (0.0096, 089°) (0.001, 089%) (0.001, 005°%) °
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3.

In recent years theoritical models have been used to predict the
tidal motion in the St. Lawrence River and Estuary (Godin, 1971;
Kamphuis, 1969, 1970; Partenscky and Vincent, 1965, 1968; Partenscky
and Warmoes, 1969; Partenscky and Ngoc Vu, 1971; Ploeg and Kamphuis,
1969). The results of these models rewveal that good agreement can
be obtained between the predicted and cbserved tides with an accuracy
of 0.1 ft for water lewvels and 15 minutes for time.

Seasonal and daily variations of sea level in the Gulf of St.Lawrence
were analyzed by Seibert (1968). A correlation was found between
seasonal variations in sea level and atmospheric pressure, leading
to high sea levels in the early winter and low levels in the sumrer.
However, the response of sea level to atmospheric pressure was less
than the pure hydrostatic relationship.

The mean value of the water levels in the St.Lawrence Estuary also
has a climatological value (Godin, 1971). Figure 17 shows this mean
level on a monthly and yearly basis for a 10 year average at the
principal stations strung along the estuary. The fluctuations in
mean levels decrease gradually downstream till they became nearly
imperceptible at Pointe au Pére. At King Edward and Frontenac, there
is a large drop in the level in January and February following the
freeing of the channel from the ice. The next feature common to all
the curves is the increase in level in March and April created by the
melting of the snow cover. These variations in level are maximm
between the mouth of Lake St. Peter and Québec. Afterwards, the level
drops uniformly to reach a minimum value in September when they start

increasing on account of the increased precipitation.

Figures 18 and 19 show the deviation form the mean yearly level of the
monthly levels. As expected these deviations enclose each other like
an envelope since the bed of the river expands downstream and is
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increasingly less affected by the fluctuation in the discharge.
The only exception to the rule is Trois-Riviéres during April
which exhibits then larger deviations from mean level than the
stations on the other side of Lake St. Peter such as Sorel and
Lavaltrie.

The mean level may deviate by as much as 1.3 meters in Montré&al
while at Québec its deviations seldom exceeds 20 centimeters. Ice
free conditions in Montr&al should reduce the fluctuations in level
appreciably.
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TIDAL FLATS:

Along the south shore of the St. Lawrence Estuary between St-Rock-
des-Aulnaies and Trois-Pistoles, are a series of tidal marshes
characterized by the presence of two grasses, Spartina alterniflora
and Spartina patens. Man's past and present impact on this

ecosystem and the importance of these marshes to aquatic birds have
been discussed in details by Reed and Moisan (1971). Discussing the
origin of these tidal marshes the authors give a concise account
which is quoted here: "The south shore of the estuary is underlain
by red, gray and green slates of Ordovician origin. In comparison
with New England tidal marshes, those of the St. Lawrence are
subject to extreme conditions of ice, tide, current and climate.
Furthermore there are no large bays or inlets along the south shore
of the estuary and the shallow bays in which the marshes are found
offer little protection from wind, wave, current and ice action.
These factors seriously affect the rate of sedimentation (hence the
build up of thick sediments and peat) and the expansion of existing
marshes. The St. Lawxenoe marshes are therefore underlain by a shallower

layer of peat and sediment than those of New England. 2Another apparent

- particularity of the St. Lawrence marshes is their characteristically

high density of small pools which occur mainly near the landward border.

The death of plants and the rotting of their rhizomes -tend to deepen
these pools. Hamelin and Cailleux (1966), working in a small marsh in
the St. Lawrence Estuary, explained the formation of pools by the action
of ice and tides: blocks of turf are pulled out and transported by the
ice with the rising tide. The larger number of pools in the St. Lawrence
marshes appears to be a consequence of extreme ice and tidal action.

"The gradually slopping shoreline of the St. Lawrence south shore is
occasionally interrupted by hich rocky outcrops. These cutcrops do not



40 .

support marsh vegetation and therefore divide the marshland into
smaller segments which can be more conveniently described. The most
important of these individual marshes are listed and described in
Table III."

It was concluded fram this study that a large population of Black
Ducks inhabits the Spartina marshes during the spring and summer

where it finds almost all of its breeding needs. Breeding populations
of Common Eiders, Herring, Gulls, Great Black-backed Gulls, Great Blue
Herons, Black—CroWned Night Herons and several species of shore birds,
as well as migrating populations of Canada Geese, Atlantic Brant and
other aquatic birds rely on this habitat as a source of food.
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ITT

Description of the tidal marshes of the south shore of the St. Lawrence Estuary

length of* original* acrecage now*
Location shoreline acreage in marsh description
(miles) (acres) (acres)
! T B T
Baic de Ste-Anne- 4.5 | 1100 i 400 !~ S. alt. zone : relatively narrow — steep gradient — fairly deep layer
de-la-Pocatiére ’ ' of underlying sediment as indicated by deep drainage channels.
(from Mont-des-Ours S. pat. zone : narrow with relatively few Ruppia pools.
to Riviére-Ouelle) Juncus slope @ narrow - prior to reclamation very wide with
' eentle slope.
Shoreline marsh @ completely climinated by agriculture. Some
vegetation typical of this zone now growing on dike.
|
|
St-Denis . to 3.0 600 175 S. alt. zone @ as above.
Kamouraska (also 250 S. patr. zone : bisected by dike — outside dike narrow, considerable
reclaimed number of Ruppia pools — within dike broad with few pools.
by dike but Juncus slope 1 broad - all reclaimed by a second dike.
now regene- Sharcline marsh 1 scattered  patches  along  fence rows and
rating into abandoned fields. '
marsh
Kamouraska to 6.0 940 725 S. alt. zone : as above.
Ste-Hélene S. pat. zone 1 variable in width - high density of Ruppia pools -
large salt panne in this and following zone at SW end of marsh.
; Juncus stope @ fairly broad but now almost all reclaimed.
; Shoreline marsh : scattered patches along fence rows and around
rocky outcrops.
St-André 4.5 575 435 S. ali. zone : as above.
' S. pat. zone: narrow, many pools,
(3 miles SW to 1.5 Juncus slope @ fairly broad — mainly intact cxcept for narrow
miles N’E of band reclaimed by dike in village. SW portion of reclaimed land
St-André) returning to marsh.
Shoreline marsh : eliminated by agricultural and residential
development.
Riviére-du-Loup 3.0 350 270 S. alr. zone : moderately broad - fairly deep drainage channels.
S. pat. zone : variable in” width but generally narrow.
(3 miles westward Juncus slope ¢ narrow but forming a broad * tongue ” at the mouth
from Riviére-du- of the river.
Loup wharf) Shoreline marsh : mostly eliminated — heavily grazed where it
’ ‘ i remains.
: !
Cacouna 3.0 700 285 S. ali. zone @ fairly broad on shallow sediment.
S. pat. zone ; moderately broad with many pools — drainage and
(1.5 miles either grazing in this and the following zone have led to salt panne
side of Cacouna) formation in central portion of marsh.
Juncus slope : moderately broad — only partially reclaimed by lo
dikes.
' Shoreline marsh : almost entirely eliminated by agriculture.
N.B. the construction of a large sea port at Gros Cacouna (a
project which has now been suspended short of completion) has
led o the filling in of almost 350 acres (all zones) in the SW
portion of this marsh. A

* approximate measurements made from aerial photographs

r
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TaBLEL T X cont'd)
length of original acreage now
Location shoreline acreage in marsh description
(miles) (acres) (acres)
Ile Verte Channel 4,3 ] 500 480 — 8. alt. zone : narrow on steep slope.
(from above marsh 2.0 j 6.3 — 8. pat. zone : nparrow — considerable salt panne formation of un-
to Riv.-des-Vases- ' certain cause.
also on S. shore — Juncus slope : narrow — much salt panne, some mowing on rest,
of lle Verte) — Shoreline marsh : a few small remaining tracts.
Riviéres-des-Vases 4.8 1200 1000 — 8. alt. zone : moderately broad on deep (o moderately deep sedi-
to ment.
Riviére Verte — 8. pat. zone : broad to very broad with very high density of
Ruppia pools.

— Juncus slope ; variable but generally broad ~ about 50 acres re-
claimed in E. portion of marsh — some grazing and mowing.

— Shoreline marsh : onc large, relatively undisturbed tract (200 ft.
by one mile) also some regeneration in abandoned fields - occa-
sional burning. grazing and mowing.

Riviére Verte 52 1800 1500 — §. alr. zone : very broad on shallow sediment,

to
Pointe-a-la-Loupe

S. pat. zone : fairly narrow, high density of pools — in central
portion draining and grazing have caused salt panne formation.
Juncus slope : partially reclaimed (one large dike encloses more
than 100 acres of this and preceeding zone near SW edge of marsh).
Shoreline marsh : all eliminated except a few small tracts. )
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ICE:

Aerial ice survey in the Gulf of St. Lawrence was first reported by
Forward (1954) of the Geographical Branch of the Department of Mines
and Technical Surveys, who analysed spring break-up patterns for the
1940-1952 period. Since 1959 the Meteorological Branch of the Depart-
ment of Transport has operated an aerial ice reconnaissance in
conjunction with an ice forecasting program of the Sea Ice Forecasting
Central in Ottawa. (For details of bibliography, the reader is referred
to E1-Sabh et al. (1969)). Apart from their operational importance for
navigation the ice charts have been and will be very useful for studies
of the meteorological effect on formation, growth, decay, and break-up
of the ice in the gulf.

In the Gulf of St. Lawrence cbservations show that ice comes from three
sources; (a) Labrador ice that drifts from arctic and subarctic areas
together with small icebergs and enters the gulf through the Strait of
Belle Isle; (b) ice from the St. Lawrence River and Estuary; (c) ice
fields which are locally formed in the gulf. In general, ice starts to
form in mid December with fast ice forming in sheltered areas; by late
January almost the whole gulf is frozen oVer; it reopens in late April-
May. The ice charts identify four ice types in the gulf: new, young,
medium winter, and thick winter.

Matheson (1967) has studied ice conditions over a five year period
using charts published by the Department of Transport. Figure 20
shows the fortnightly average ice conditions. From these charts it
can be seen that during the month of January the ice concentration
increases rapidly; however, the region west of Newfoundland remains
unfrozen due to the influx of water from the Labrador current. By the
last week of January and the first week of February the southwestern
and central parts of the qulf are covered by heavy ice originating in
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the St. Lawrence River and Estuary. As winter progresses the ice

in these areas is convected by the prevailing northwesterly wind and
current out through the southern side of Cabot Strait. A typical
feature seen from the charts is also the low concentration . along the
north shore, which is primarily caused by the prevailing off-shore
wind. A rather rapid break-up occurs over the entire gulf with the
vernal warming, leaving ice in the areas north of Prince Edward Island
and the Strait of Belle Isle longer than in the Gaspé Passage and the
central part of the gulf. Matheson's charts are valuable for showing
the geographical distribution of ice, but they do not incorporate either
thickness, wolume or drift of the ice in the gulf.

Using the weekly ice summary charts, Forrester and Vandall (1968)
divided the gulf into ten regions and estimated ice volumes and

average ice thicknesses in each of the regions at two-weekly intervals
through the six ice seasons of 1962 to 1967, and also through the six
year mean (1962-1967) ice season. For the mean ice seacon they found
the greatest average ice thickness (24 cm) occurred in the region around
Prince Edward Island early in March. Over the qulf as a whole the
greatest average ice, thickness (16 am) occurred at the end of February

for the mean ice season.

It is essential to carry out heat budget studies in order to understand,
and hence predict, the formation, growth, and break-up of the ice. Few
complete studies of this character have been carried out in the Gulf of
St. Lawrence; however, Lauzier and Graham (1958), Lauzier and Barlett
(1961) , Coonbs (1962) and Matheson (1967) have investigated the subject.
Matheson (1967), fraom his study on the meteorological effect on ice in
the Gulf of St. Lawrence, has shown that high heat losses during the
season do not necessarily imply severe ice conditions. As pointed out
by him "computation of the heat fluxes rewvealed the very high heat gains

or losses which may ensue if an airflow type is maintainedover a long
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period. It is imperative that these high heat loss periods continue
for at least three consecutive days in order to produce a significant
effect on the ice cover".

Previous to 1965 no detailed ice drift studies were undertaken. The
Marine Sciences Centre of McGill University, however, has for several
years been engaged in ice drift studies in the gulf with the ultimate
aim of formulating a numerical method for sea ice prediction in the
gulf and for related areas in the Canadian Arctic. Some of the
preliminary results are repoted by Ingram (1967), Johannessen et al.
(1968) , Ingram et.al. (1969); Jchannessen et al. (1969), Farmer (1969),
Banke (1970), Farmer et al. (1970), Jchamnessen (1970), Johannessen
et.al. (1970), Smith et al.(1970), Pounder et-al. (1971), Seifert and
Langleben (1972). Same preliminary analyses from positioning of a
drifting buoy by the D.O.E. ice reconnaissance aircraft, and wind and
positions cbtained from a "Manned Drifting Station" show that the ice
fields take part in the tidal motion and that maximum response of the
ice drift to changing wind stress is achieved in less than 2 hours.
This is indeed a very fast response, when campared with the response of

the surface layer of changes under wind stress for oceanic conditions.

In the St. Lawrence Estuary ice tends to accumulate along the south shore.
Aerial observations reveal that ice is mostly packed and snow-covered,
while along the north shore it is more translucent and therefore probably
yonger. This feature seems to indicate that surface water deviates
toward the south shore, while the warmer water of the underlying layers
deviates towards the north shore. |

A detailed study of ice conditions related to winter navigation in
Kamouraska Basin was carried out by Michel (1973)who concluded that

"In general manner there is less ice in the central part of Kamouraska
Basin than at both ends where ice movement is hampered by Ile-aux-Coudres
and Ile-aux-ILiévres. In average winter weather this ice concentration is
low of the order of 3/10 and it is not beliewed to ever get higher than 6/10.
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On the average the accountable ice appears in the basin around
Decenber 10 and disappears around March 7 for a period of 3 months.
There are 36 days, on the average, of heavy ice formation. Because
of the statistical distribution of wind direction the ice will be
well distributed 61 % of the time (22 days), will pressed on the north
shore 11% of the time (4 days) and 28% ( 10 days) on the south shore.

Shorefast ice extend to the outermost Kamouraska Islands most of the
winter but the ice keeps moving at all times seawards of Grande~Ile.. .
This shorefast ice forms a groin joining both islands which has
interesting hydraulic and ice effects. For instance at change of tides
between flood and ebb tide, it leads the water and clears the ice
outwards, away from the Islands. When ice floes are moving along the
south shore with ebb tide they are deflected off the upper tip of this
natural groin leaving an area of clearer water close to Grand Island.
Finally, and most interesting, when ice is pressed by N W winds on the
south shore at ebb tide the groin has the effect of retaining the ice
under pressure upstream while relieving the pressure downstream, just
in front of the islands.

Currents influence the ice drift in the area. One very peculiar phenomenum
occurs at the end of flood tide, with reversing tide, when water seems to
flow directly from the south shore to the north shore off Kamouraska
Island. This has the effect of clearing all floating ice from the south
shore at the .beginning of each tidal period unless this effect is coun-
teracted by wind in the opposite direction.

Shorefast ice forms rapidly and its stable line seems to coincide with the
outward limit of flats, uncovered at low tides. When pressure ice is
moving - along shores it may stuck and form temporarily an extended fast
ice cover. This seem to be of rare occurrence. One are where there seems
to be very little or no shorefast ice extension is along the outer
Kamouraska Islands.
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POLLUTION CONCERN:

Development of supertanker oil ports are generally associated with
pollution problems and their effect on the marine environment.
Seldom, however, have the polluant measurements and pollution research
been done in the Gulf of St. Lawrence. Only in recent years when
Sprague and Ruggles (1967), Mann and Sprague (1970) reviewed the
subject, together with Trites (1970) who single out the following
as major areas of concern: pesticides; wastes from pulp and paper
industry; mercury; petroleum; and other, mainly mining wastes and
domestic sewage. To date most polluant measurements in the Gulf
have been confined to areas relatively near to urban areas or indus-—
trial operations where man-made activites hawve had obvious local
effects.

It is important to have some knowledge of how rapidly a polluant may
be carried away fram its point of discharge, and at what rate it is
dispersed. When detailed current and diffusion measurements are not
available, it is sometimes helpful to estimate flushing times fram
very simple models, being more readily measured than currents and
diffusion. The mean flusing time of fresh water in the Gulf is in the
order of one year. Trites (1970) calculated that a particle moving
in the direction of the current fram Saguenay to Cabot Strait would
complete the journéy in about three months. In reality, the particle
would probably make one or several circuits in the Gulf before exiting,
rather than moving in a Straight path. In a recent study, El1-Sabh
(1973) estimated one month as the time required for a particle to move
at the sea surface form the Gaspe Coast to Cape Breton Island and two
years as the time for the deep water to reach the Estuary area from
Cabot Strait. Trites (1970) further calculated that "if wastes are
discharged raltively uniformly into the fresh water entering the Gulf,
one cannot expect a dilution of as much as two orders of magnitude
with sea during its residence in the Gulf.



49 .

There have been no large oil spills in the Gulf. The most notable
of the smaller disasters occurred in Septenber 1970, when the oil
barge "IRVING WHALE", carrying a cargo of Bunker C oil, sank in the
Gulf, resulting in an oil slick of about 200 square miles (Loucks
and Lawrence, 1971). Part of the emulsified oil contaminated the
western beaches of the Magdalen Islands two weeks after the accident.
The high viscosity of the oil facilitated beach cleaning since the
oil did not penetrate to any large extent into the sand (Ages, 1971).
By an analysis of the ultra—violet absorption spectra of the Bunker C
0il carried by the "IRVING 'WHALE" and that of the oil polluting the
beaches of the Magdalen Islands, lLevy (1971) established that the
barge spill was responsible for the observed pollution.

Surveys undertaken after the ARROW disaster in February 1970, and the
subsequent release of about 2 million gal. of Bunker C, revealed that
small oil particles down to sizes at least as small as a few microns
were present in the water colum, not only in the vicinity of the
wreck but for distances of at least 200 km from the source. Particles
were observed to depths of at least 80 m. Within a 10-20 km region
of the wreck, typical concentrations in the water colum below the sea
surface were in the neighbourhood of 20 ppb (Forrester, 1971).

There is a great deal of shipping activity in and out of the St. Lawrence
Seaway. Using techniques recently developed by Levy (1970), pollution
from Bunker C and similar oils were surveyed on a transit from Montreal
to Cabot Strait. "Concentrations of a few parts per billion were found
at all stations and all depths. While these lewvels are near the limits
of reliability of the method, Levy is of the opinion that there is a low
background level of oil which has resulted from man-made activities."
(Trites, 1970). Recent data are reviewed by Ievy and Walton (1973).

At present, there is no oil drilling in the Gulf, but oil explorations
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are planned for the southern (the Magdalen Shallows) area. Together
with the more westerly parts, this is the area of greatest biological
production in the Gulf (Steven, 1970). It is also the site of major
fisheries activities for herring, cod and plaice, as well as for some
other species. Furthermore, as Trites (1970) points out, "a major
spill in the winter months could be particularly detrimental to the
large seal herds which enter the Gulf and pup during the winter months."
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CONSTRUCTION OF KAMOURASKA PORT AND JETTY AND THEIR EFFECTS
ON MARINE ENVIRONMENT

From the foregoing review sections it is evident that very little
information are available in the Kamouraska area of the St. Lawrence
Estuary. It must be exphasized therefore that any conclusion:. at the
present time for the effects of the proposed Port and Jetty on the
marine environment will be based mainly on a personal gquess and on the

few available information.

As mentioned by Michel (1973) "Kamouraska Basin has a central portion
more than 100 feet deep having an area of more than 25 sqg. n. mi. that
can receive and berth the biggest existing ships. Because of a small
misalingment with the general direction of the St. Lawrence estuary

and the presence of numerous seaward islands it is protected fraom the
storms of the Gulf and is a nutral safe haven. A large channel, 84 feet
deep at low tide, connects the central part of the basin to a deep pool
very close to the shore of Grande-Ile which is almost a natural wharf

for deep water ships". Examination of the recent current measurements
near Grande-Ile and of the tidal charts show, however, that tidal currents
prevailing off the island are 2 knots at flood tide and 2.5 knots at ebb
tide. These fast currents together with the presence of heavy winter ice
in the estuary may complicate the operations of large tankers at Grande-Ile.
Engineering works, such as breakwaters and seawalls constructions, can be
designed to take care of these problems.

In general, the proposed pier along the north west side of Grande-Ile
will not affect the general circulation pattern in the St. Lawrence-
Estuary. Its effect, however, will be locally. Depending on the
direction and height of the seawalls necessary for the port construction,
oceanographic conditions will change.

"A reach of shoreline that has been shaped into a permanent configuration



by natural forces acting over the previous centuries may change greatly

in a manner of a few weeks or months if certain man-made works appreciably
modify the character of these natural forces" (Ippen, 1966). Such works

may consist of an extensive breakwater and jetty systems. Unfortunately
there are no oceanographic observations available at the present time
between Grande-Ile and shoreline to predict the effect of the proposed

Jetty on the environment. The following conclusions are based on Ippen
(1966) who states that a structure that extends seaward from the shore and
across the littoral zone acts as a dam and traps the littoral drift. The
impounding capacity of such a barrier depends on the height of the structure,
the bottam slope and the equilibrium alignment of the shore in that region.
The proper siting and spacing of jetties are discussed. The immediate effect
of such structures where the rate of littoral drift is significant is that
accretion occurs on the updrift side and erosion occurs on the downdrift
side. The seriousness of the erosion on the downdrift shoreline is a
function of the character and value of the land in this region.

It was pointed out earlier that the south shore of the St. Lawrence Estuary,
“including Kamouraska area, is characterized by the existing of a serieg of
tidal marches. No doubt the proposed jetty will affect the character of
these salt marches and hence aquatic birds which inhabit them during the
spring and summer where it finds almost all of its breeding needs.

A necessary part of most jetty systems is some provision for passing the
littoral drift from the updrift to the downdrift side. It is the opinion
of the writer that the more openings in the jetty the less effects will
have on the environment. In order to predict exactly these effects a
hydraulic model for Grande-Ile and the proposed port and jetty must be
built and experiments can be done to test all possible effects.

There are many questions one would like to know their answers such as:
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a) What would the circulation patterm look like in Kamouraska area
after building the port and jetty?

b) What would the tidal current look like with the proposed jetty?
c) Currents will be very strong at the openings of the Jetty. What
are their effects on the jetty itself and on the tidal marshes in
the area?
d) What would the shoreline loock like with one jetty? With two jetties?
Hydraulic models seeking answers to these questions should increase measurably

our knowledge about how the nearshore area of Kamouraska will behave after
building the Grand-Ile port and jetties between the port and shoreline.
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APPARENCT, DES INSTALIATICONS PORTUATRES

D CRANUE-TLE, RAMOURASKA
Les ¢ de ginle oot acguls la mauvalse réputation au cours de la révo-

lution industrielle de XTX° au X sidcle de manquer de valeur esthétigue.

On peut faire utile et beau; a preuve le; Pont du Gard prés d'Avianon en
France, que tous admirent et qui est un aqueduc constrult par les Ramains
rour des fins purement utilitaires. Il peut en étre de méme pour les instal-
lations portuaires et menticnnons & titre d'exemple que celles de Cap-aux-

Meules, Matene et Bale-Comsan n'enlévent rien & la beauté naturelle dn paysage

Dans le cas particulier de Grande~Ile, on peut donc prendre pour agquis que
les quais et la jetée qu'on se propose de construire ne sont pas en soi des
elérents pré&judiciablss en autant qu'on prenne les mesures nécessaires pour
aue 1'ensenblie des constructions donnent 1'impression de travaux finis et

a'une propreté impeccable

I1 arrive assez souvent que les travaux de gfnie soient &légants en sol mais
-~

ve le coup d'ocell gqu'ils laissent sou: désagréable parceque les travaux

d’aménagerment ont &t& mal dirigés. On peut citer un cas typigue, c'est celul

du John McKay Bridge qui relie les villes de Halifax et Dartmouth en Nouvelle-

i3

Frosse. I pont lui-méme est El&gant et cadre assez bien dans le paysage si

e n'est guiau cours de la construction du pont et surtout des artéres routidres
guil y conduisent, on a procéddé au dynamitage de grandes ausntités de roc dans

le voisinage du pont et on a dénudé des surfaces inmenses de verdure, de sorte

que méire si1 le pont est €l&gant, 1l'ensenble ne donne pas un beau coun d'oeil.

. Pour ce qui concerne le projet de Grande—Ile i1 faudrait prévoir des modalités

de construction pour la jetée et le port qui prévoient de laisser intacts

les environs imediats des chantiers de construction.  les terres agricoles




i

reuvent. 8tre facilomen 1a construction, mais il n'en est

pas de mEre des mavails salants dont la stabilitdé dépend d'un &guilibre délicat

la natare. I1 =l

done willer & ce que 1factivité des constructeurs

» Viespace qul sera éventuellement recouvert par la jetée. L'impact

gur UF ol aur les n vescuté ailleurs.

2 que Lfen 2mentt marais qui pourralt résnlter d'une jetée mal

\ i - A . < ATS- o ot B " £
congue cauratt un mauvans irpact visusl en plus dietre néfaste & la faune
aquatique. B

Fn tant que la constouction des guals eux-mémes est concerné@e nous considérons

le cul propose la constriction de trois quais
Yan Fil de Llead” an =-Ile, parcecue c¢'est la soclution que préfé-

Ry tad

la compagnie ACRES. On constate sur la

A

reraient les pilcotes
ficqure ci-jointe que les guals et les navires seralent pour la plus grande
-partie invisibles de la terre ferme. DPour ne pas altérer 1l'apparence de 1'ile,
1

11 suffira de planifier 1'excavation du roc, soit pour cr@er 1'espace nécessaire

ramlissage, de fagon & ne pas dépasser la créte

ou pour cotenir du
de 1'ile. En procidant de cette facon, on ne verra pas de la terre ferme
dlentaille dans le profil oblong de Grande-Ile et on pourra dire des installa-
tions portuaires qu'elles s'int8grent parfaitement au paysage paisible de la

région de Kamouraska.
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PROCEDURE D SURVEILLANCE ET DB

Drv‘i T(WL)' frﬁ"’“ T‘ I“_J,. LL

La surveilllance, dans petrolier impligusd par un

par t&lédétection. les

techniques actuelles permettent en effet de repdrer la trace d'un

Dautre part, lorsqu'une fuite est repdrée, on poub en conneltre

la nature, 1'8tendue et le wolure total d'huile impligqud. De oes

s

icns, la sucface de la nappe est celle qu'on cbtient le

‘riences sont conti-

- | B SO . - i)
& 1 Theure actuelle.

S T en cours pour en arriver a déterminer les autres sans

2L

recourir d l'échantillonnage et les mesures au sol.
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SPECTRO~-RADIOMUTRIE

sur le contraste entre la lu-

1 et 1a lumd

Sre y&fléchia par

La vovde cGtidre amdricaine a mené des expériences afin d'évaluver

FY

atriques de

C“u

plusieurs technicques radiom détection. On compara plu-
sivars frégquences spdcifiques de bleu et dultravioiet, associées

3 la flwecrescence de lihuile.

L'intensité solairs, la distribution spectrale, la polarisation

>t 1'angle d'incidence influencent la mesure de rayonnement effec-

e

tule par uwn spectro-radicrstre. les figures suivantes illustrent
les caractéristiques de la lunidre solaire. La figure 22 repré-
sente la quentit@ de lumidre directe et diffuse touchant une sur-
face horizontale, montrant que la conposante diffuse augmente

avec les nuages. Il ressort qu'un meilleur constraste est cbtenu
var tenps couvert d cause de l'augmentation d= la carposante dif-~

-

oo Am ey Ts + ..
vilnision spectrale da

fusae. La figuwred3 pontre comment la

la lumidre solaire varie avec la position du soleil dans le ciel.

Ie soleil venant de différentes directions aura o.cmc diff ntes

distributions spectrales. Ta figue 24 montre que la Luamdre

laire dfpend de 1'angle d'incidence et des conditions du ciel.

S I AN A T e
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Ies conclusions des experiences ont &té:

12 coctraste mayimon entre l'huile et L'esu s'cbtient

}

dans L'ultraviolet (380 mm) et le rouge (600 nm).

e contraste minlmum se situe entre 450 et 500 nm.
Lfhuile epparalt presque towjours plus brillante que 1'eau.

1 o8

Ies hviles l€gé@nzs sont plus brillante:

i
(2%
&
u
=
E
o
®
0

lTourdes.

Cn n'a ramoqué aucune bande d'absorpticn permettant de
distinguer une hulle d'une autre

Le plus important facteur influengant les résultats con-
cerne les conditions du ciel. On cbtient un meilleur

contraste par tewmps couvert.

effet & 1'état de la mer ne ndcessite aucune recherche

supplémentaire.,

Iles gradients de densité dans l'huile sont détectables

qualitativement, mals des recherches surpl&rentaires sont
: nfcessaires 3 1'cbtention de r@sultats quantitatifs.
La polarisation est une teclrmlque prametteuse. ;
i : Or devrailt affectusy les Btudes futuces avec des spec- !
: troradiom@tres pouvant soit balayer rapidsment, soit en-
| . . . . ?
registrer plusisurs longueurs d'onde sinultandment. ; ,
z
i
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s MUV ISTECTPALR

L'huile flottant sur la mer irpressionne mal les Smulsions pan-—

chromaticues.  ILe oontraste

réflexion de 1l'huile. Tt ndme ainsi, la
réflexion due & L'hulle est difficile & distinguer d'un &clat
de soleil sur 1l'eau netin. Les courants en surface et les cou-
rants dfzir localisds domnent une surface stride, altéernative—

(% —

ment calme et agitde, tout cames le fonk les napres d'huile

Giscontinues. La ghoto couleur est aussl inefficace. Ie con-
traste entre les couleurs d'huile et d'ean est encore tés bas.
Sauf pour les zones ol des courants visqueux et &pais d'huile

epraraissant gris foncg, les eaux polluées par l'huile sont gris
vart, ce que l'cell accepte facilemant comre une teinte roxmale
pouar la surface de la mer. Par conséguent, il est gouvent im-

ressible de dire si wme photographie afrienne montre une surface

complétement couverte ou campléterent découverte d'huile.

Par contre, ll'image de l'eau propre dens l'infravouge est uni-

5

Rerates) 1t
Qe et de

)

: problifies de contraste entre l'cbjet recherché et

le fond n'sxistent pas dans ces longueurs d'onde.

o]

A 1'Universitd du Michigan, on a recueilli des images de fuites:

provogquges, dans les parties ultraviolettes, visibles et infra-
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rouges du spectre 8lectramagnstique. les images multispectra-

obhitenues ont permis wn regard cualitatif sur le probléme de

Ztection de la pollution par L'huils. L'exsmen des images,

avec les conclusions du mod@le thZorique des nappes
Endides, a jetd quelgue lunidre sur la guestion da la relaticn
entre les régions de d8tecticn themmals et uliraviolette. De
plus, des ré@sultats d'expiriences en laboratoire sur la fluores-

ira

cence de plusiewrs hudles indiguent une possibilitd d'identifi-

cation des types d'hulle en utilisant leur fluorescance carac-

FEristique telle qu'indiqude a la fiqure 25,

o) . . . s -
r/% or spectre d'excitation (huile "diesel")
K8 o _ . s
& ol J\\ _ covectre de réponse (huile “diesel")
g o
Honor : ' T B
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Sur une épreuve noir et blanc d'image ultraviolette (0.32 § 0.38 num)
au roins wie partie de chacun des types d'hulle utilisés dans 1'esx-
apparait plus brillante qua Ll'eau et tuols des huiles

21,6 APY, pétrole 26.1 API, carburant "Diesel”} ont aus-

si des ré€gions plus sadres que l'eau. (e changzment de contras-
te par rapport & l'eau est di aux variations d'épaisseur dans
la nappe. Clest aussi une fonction du type d'huile comme 1’indi-

que la figure 26.

A 1'aide des indices de v8fraction et des coefficients de disper-
sion et d'absorption meswés en laboratoire, on a utilisé un mo-
déle mathématique de r8flexicn pour 1'huile sur l'eau, pour pro-
cduire dos valeurs de rayomnement de chacune des quatre huiles en
fonction de 1'épaisseur. ILes résultats pour la région U.V. (0.36 -
0.38 rm) sont tracds en figure2s avec les valeurs rour deux types
d'eau. Les conditions météorologigues étaient ajustées & celles
du vol rdel. On voit par le graphique que dens 1'UV les nappes
minces devraient 8tre plus brillanfes que l'eau et que les nappes
Snaisses devralent Btre pvlus sorbres, le point de retowrnement
étant fonction des types d'huile et d'eau en présence. On peut
expliquer ce changement de réflexion avec 1'épaisseur d'une cou-

che d'huile, Te rayonnement ohserv: oommrend denty composantes:

S

1

une partie réfléchie & la surface de la couche d'huile et une par-

tie diffuse provenant de la réflexion a l'interface huile/eau en
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e e e ovdeme 7 bt g gy e U N s P 2o, - : .
des résultats inbtriguants. On a coparg les Sprauves roir et

1 o T mvnry v ovimomery bede ey i 3 - G TNy oy = fog
biznc d'une inage theonigue et dhre Image ULV, des napoes Etu-
P I [ e e T K ~T 1 .
ez, On oour les pétroles, los r@gions les plus

-
3

legéres de 1'UV n'apparaissent pas du tout dans le thermique.

De pluz, les r&gic brillanee interm@diaires dans 1'UV appa-

i.e. plus foncées) que l'eau, alors que

les régions plus fonofes que l'eau dans 1'UV apparaissent plus
chaudes que Llean dans la zone theonigue, Dlanbtre part, l'huile

diesel serblise plus froide que l'eau alors que les zones foncées
cu intermddiaires dans 1'UV semblent un peu plus chaudes (bien
qua'elles soient plus froldes) que l'eau. On doit en conclure que
les variations d'épaissewr (telles qu'dbservées dans 1'UV.) ont
quelqueffet sur la radiation émise,quoiqu'actuellement on puisse
seulerent faire des hypoth8ses sur la raison de cet effet. Il
est possible quiavec l'épaississement de la couche d'huile, 1'é-
vaporation des volatiles augmente, refroidissant la nappe. Ce~

figament Epaisse pour ab-

lorsque

ative, l'effet de refroi-

Q

sorber une quantit® d'énergie signifi
dissement est contrecarrd et on cbtient une nappe chaude. L'hui-
le dissel, houtement volatile et relativenent transparente; n'at-

teint jamais une &paisseur siffisante pour absorber wne quantité

considérable diénergie solaire; elle n'apparalt donc jamais plus
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chaude que 1reau.

cas, les portions les

isses sont un peu plus e TOnes

tout aubour.

ne =0 Licn densivcndtrigue peulb elder a

e Ty ety
inte distin-

afin digohhs

4 .
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@ fond .

pax uDut«_ at

ita Barbara, Californie, permet une telle

Sur 1'é&cran Datacolor, les zones de

AC?AQ

i e
2urs Gidl 2prése

tent des augmentations progressives

t & des nappes, des flagues et des tral-

d'nulle d'épalsseurs variées conprises entre des valeurs

@ Gelisiie A

maloyigques d'un signol

en counleur n convertisseur analogi-

. - R
Lope en valeurs discordtes bien




i
¥
i
1
i

T R A L a i

i T

-

ace vadleur individuells, en retour, est fournie
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neuvent €bre

n3ité,  On obtient

~ion graduelle & un nombre linii

i Cette mise en val t de x8pérer
toute flague, ou pellicule d'huile entant tne difié-
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pourcentage de la surface totale de l'image. Un sélecteur perret a
1'opérateur du systéme de Kgéurer rapiderent chacune des 10 couleurs
de base cu une conbinaison quelcongque de ces couleurs. Um volmStre
digital indigue qual pourcentage de 1l'imagz est de la couleur choisie.
La surface indiquée représente la fraction de 1'image dont la densitéd
est comprise entre les valeurs de deux contours: isodensimétrique,

*

encadrant la couleur s&lectionnée.

Tenant compte de la distorsion lindaire dens le balayage infrarouge,
on peut calculer la surface totale de 1'image. En la multipliant par
le pourcentage consid2ré comre pollud, on obtient la surface de la

nappe.

12 volume de>1a fuife, pour sa part, est fonction de l'estimation de
1'épaisseur appliquée & la mesure dé la surface concernde. Ici on
doit tenir coampte de 1'évaporation ainsi que du fait que le polluant
apergu n'est pas du pétrole mais une &mulsion de pétrole et d'eau de
mer dont la concentration n'est pas nécessairement uniforme. Mais
quelle que soit la méthode pour estimer 1'épaisseur, la mesure de la

surfare est requise pour estimer le volure.

I ol T NN £ 1 N Y - ' Ty -
Fn bref, un systlre de t€lé&détection fonctiomnel devrait comprendre:

- des vols réguliers avec enregistrement d'images multi-

spectrales;
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- la mise en valeur de ces images ¢3r colorati~ !ensito-

rétrigue et R
=~ une lecture au planinétre digital de toutes des suxfaces

de teintes choisies.
fes lmages envegistrdes dans ge pouvent donner la
surface de la nappe. Les images envegistrées dans 1'UV et le ther-

mal peuvent donner 1'épaisseur de, le nappe. Quant d la nature de
cette nappe, il semble que le spectre de fluorescence peut nous la

ré&vEler. Cependant, cette m8thode est limitée au tmmps clair et par

1o laboratoire de recherches navales de la garde cbtiére américaine,
utilisant les avions EC~-121 &quipSes du systdme de radar & quatre fré-
quences doublement polarisées NRL, a participé & des tests sur les

fuites d'huile.

Te systdme 4 FR est constitug de 4 radars cohéfents aux impulsions
différentes transmettant dans la bande P/UHF (428 MHz), la bande L
(1228 MHz), la bande C (4455 MHz) et la bande X (8910 MiHz) avec
une puissance de pointe d'envireon 25 Kw. Chaque transmetteur est con-

cu pour opérer avec 2 antennes, 1'une polarisée horizontalement, 1'au-

tre verticalement, soit séparé@&rent, soit sur impulsions en succession
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4 Implantation d'un réseau d'acquisition

des données de qualité
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IMPLANTATION D'UN RESEAU D'ACQUISITION DES DONNEES DE QUALITE (Pollution
par le super-port)

PROBLEMATIQUE

Dans 1'optique ou 1'on désire évaluer 1'impact, sur les eaux du fleuve Saint-

Laurent, consécutif aux pertes qui découleront des opérations normales du su-

per-port, nous avons considéré 1'implantation d'un réseau d'acquisition de
données de la qualité.

Ce réseau devra donc permettre d'évaluer la qualité actuelle de ces eaux et
de suivre leur évolution 4 partir du moment ou débuteront les activités por-

tuaires.

Les connaissances actuelles de la région susceptible d'étre influencée étant
limitées, on ne peut &tablir a priori un réseau d'acquisition de données qui
permettrait a coup sur d'atteindre 1'objectif fix&. Pour décrire le réseau
définitif, il faudra donc augmenter les connaissances spécialement dans le do-
maine des courants, des phénoménes de mélange eaux saldes-eaux douces, de la
sédimentologie, de la chimie de ces eaux et, en général, de 1'écologie de cette
région.

Ces considérations nous aménent a recommander 1'installation du réseau d'acqui-
sition de données de la qualité en deux étapes. La premiére de ces étapes au-
ra pour objectif d'établir la qualité physique, chimique et biologique du mi-
lieu. La seconde consistera i rationaliser le réseau a partir des données et
de 1'expérience acquises. On pourra alors orienter le réseau, avec beaucoup

plus de discernement, vers la recherche de 1'impact du port.

La premiére étape vise surtout la description de la zone d'impact. Elle fait

également appel 3 une interprétation des résultats par rapport a 1'impact pos-

sible du port. On pourra donc déjd, recommander des aménagements précis ou

des modes d'exploitation particuliers du port pour diminuer 1'impact &ventuel.
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La seconde étape permettra de confirmer les prédictions de la premiére et

rendra nécessaire une interprétation approfondie des résultats de facon a

initier le plus rapidement possible des mesures correctives pour minimiser
les dommages 4 1'environnement naturel.

L'installation d'un réseau d'acquisition de données de qualité ne corres-
pond donc pas uniquement a la localisation de station d'échantillonnage, au
prélévement et 4 1'analyse d'un certain nombre d'échantillons. Il faut pré-
voir 1'interprétation continuelle des résultats obtenus par rapport aux dif-
férents impacts possibles, et surtout il faut s'assurer que ce travail dé-
bouche vraiement sur des recommandations claires et réalisables qui permet-

tront d'épargner 1'environnement.

I1 est a noter, que ce réseau ne dédouble pas et, en conséquence, ne peut se
substituer a 1'observation aérienne du fleuve. Méme avec toute 1'efficacité
technique que 1'on pourrait lui donner, ce réseau ne pourrait pas permettre
de suivre de prés 1'évolution de la situation résultante d'un accident quel-
conque; son temps de réponse serait beaucoup plus grand. Par contre, si de
tels accidents devaient se produire il permettra d'en &valuer 1'impact a4 long
terme.

DESCRIPTION DU RESEAU

4.2.1 Premiére étape (2 ans minimum)

En premiére &tape nous recommandons qu'un réseau intérimaire d'acquisi-
tion des données soit installé au plus tot dans 1'estuaire du fleuve
Saint-Laurent de Rivieére-du-Loup a Gaspé. Le secteur couvert par ce ré-
seau comprend deux milieux différents: les berges et les deux chenaux
principaux. Le premier secteur est, en fait, morcelé en plusieurs sous-
secteurs qui englobent les rives du Saint-Laurent et celles de nombreuses
iles. Une centaine de stations d'échantillonnage seront localisées, sous
forme de grille, dans le premier secteur. Ce nombre n'est cité que pour
donner un ordre de grandeur, il pourra &tre précisé par 1'équipe qui

s'occupera du réseau. La répartition des stations sera comme suit:
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50% sur la rive sud, 30% autour des iles et 10% sur la rive nord. Cet-
te répartition origine du fait que dans les conditions prédominantes

les eaux du fleuve s'écoulent en longeant la rive sud de 1l'estuaire.

Un nombre &quivalent de stations seront localisées de facon homogéne
dans le fleuve et 1l'estuaire. Ces stations seront toutes visitées deux
fois au cours du premier été. Par la suite, un certain nombre d'entre
elles seront retenues comme station-indice et seront visitées douze fois
par année.

Parallélement & ces travaux une &tude hydrodynamique devra &tre entrepri-
se. Puisque la marée, la faible profondeur et les vents variables ren-
dent trés aldatoires les courants dans cette région, nous suggérons que
1'on se limite 4 1'étude des tendances générales. Ce travail peut se
faire en 1libérant des dériveurs de fond et de surface au site projeté,

en monitorisant leur déplacement au cours d'un cycle de marée et en ini-

tiant au programme de récupération de ces dériveurs.

De plus sur le plan biologique, nous suggérons que durant cette premie-

Tre étape 1'on réunissent les compétances qui travaillent déja sur les
différentes especes de poissons et d'invertébrés qui habitent ces eaux.

On pourra alors établir les données de bases manquantes et initier les in-

ventaires correspondants.

4.2.2 Seconde &tape

Aprés deux ans on procédera a la rationalisation et a la coordination des
efforts des différents études sectorielles en:

- hydrologie,
- chimie des eaux naturelles,

- biologie.

Son objectif sera de définir une méthode propre a monitoriser 1'impact

des opérations portuaires sur la qualité du milieu, et d'identifier les
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€léments de solution propres d minimiser cet impact. Ce travail fait
appel évidemment & 1'interprétation des données acquises, et aussi 3
la participation de spécialistes de formation trés diverses pour iden-
tifier les solutions aux problémes posés.

On pourra alors rationaliser le choix des stations, les modes d'échan-
tillonnage et d'analyses ainsi que développer des programmes d'études

biologiques a long terme.

4.3 DESCRIPTION DE L'ECHANTILLONNAGE D'UN SITE

Cette procédure d'échantillonnage concerne 1l'eau, les sédiments en suspension
et le fond. En ce qui a trait aux paramétres biologiques, comme nous le sug-
gérions plus haut, on devra consulter les experts ayant de 1'expérience dans
ce milieu avant de pouvoir décrire les inventaires appropriés. Elle ne vaut
évidemment que pour la premiére &tape, et elle pourra &tre modifiée tel que
mentionné plus haut.

A chacun des prélévements sur un site donné&, on procédera d'abord a 1'établis-
sement d'un profil vertical de la conductivité, de la température et de la tur-
bidité. On prélévera par la suite des &chantillons d'eau en surface (0 4 1 cm),
au maximum de conductivité, au minimum de conductivité et au fond. Paralléle-
ment, 1lg de sédiments sera prélevé aux mémes profondeurs a 1'aide d'une pompe

couplée 3 une centrifugeuse.

Les analyses chimiques suivantes seront réalisées en laboratoire sur les sé-
diments et sur 1'eau filtrée (0.45 u):

- les hydrocarbures par la méthode infra-rouge et par chromatographie en
phase gazeuse,

- le nickel et le vanadium par absorption atomique.

Ces éléments sont évidemment les plus susceptibles d'étre influencés par les
opérations portuaires. Si on se limite aux objectifs poursuivis il n'y a pas
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lieu, en premiére &tape, de pousser plus loin les analyses. Toutefois, les
colits associés a 1'opération de ce réseau étant principalement dévolu a 1'é-
chantillonnage lui-méme, il serait logique de pousser les analyses plus loin.
Aussi, il serait bienvenue, dans le cadre de ce réseau, de mettre 4 la dispo-
sition des chercheurs de d'autres laboratoires les échantillons qu'ils pour-
raient désirer. Le rendement du réseau ne pourrait qu'en €tre amélioré et
cela pourrait permettre de gagner rapidement des comnaissances sur la chimie

des eaux de l'estuaire.



5 Méthode d'évaluation de 1'impact des opérations

portuaires nominales sur la qualité des eaux du

fleuve
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METHODE D'EVALUATION DE L'IMPACT DES OPERATIONS PORTUAIRES NOMINALES SUR
LA QUALITE DES EAUX DU FLEUVE

La planification rationnelle de la surveillance des opérations portuaires,
animée par le souci de préserver la qualité de 1'environnement aquatique,
ou de la restaurer avant que se manifeste un &tat critique dans un ou plu-
sieurs des &cosystémes associés, débouche sur la mise en opération d'un ré-
seau d'acquisition de données physiques, physico-chimiques, biologiques et

sociales.

Les paramétres pouvant servir 4 décrire le comportement du systéme port-fleu-
ve sont multiples; il font intervenir une foule de connaissances acquises
et non-acquises sur le secteur aérien (vents, bourasques, humidité relative,

température de 1'air, turbulence, ensoleillement) 1le secteur aquatique (hy-
drodynamique, caractéristique physiques, physico-chimiques, biologiques) et
le secteur socio-économique (économie régionale, tourisme, prospectives,

perspectives de développement et gestion politique des ressources).

IMPLANTATION DU RESEAU D'ACQUISITION DE DONNEES

La méthodologie proposée d'implantation du réseau repose sur les objectifs

suivants:

- Evaluation préalable de la qualité des eaux qui viennent en contact avec
la région portuaire sur leur parcours et sur des distances déterminées
par la persistence des polluants libérés dans les opérations de décharge-
ment, de storage et d'acheminement du pétrole brut.

- Evaluation continuelle de la qualité de ces eaux sur 1l'ensemble de leur

parcours pendant la construction du port et de ses dépendances.

- Evaluation continuelle de la qualité de ces eaux aprés 1'amorce des opé-

rations portuaires.
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- Evaluation de 1'impact sur les écosystémes aquatiques.

- Identification rapide des 8tats critiques et développement de méthodes
d'intervention adéquates en vue de restaurer la qualité de 1'environne-
ment.

On ne saurait trop insister sur 1'importance du choix des stations permanentes
et de leur intégration a des modéles pouvant décrire le comportement des mas-
ses d'eau et des huiles qui y sont associées; or, dans 1'état actuel des con-
naissances sur les différents secteurs nécessaire a 1'établissement du choix,
toute procédure y &tant rattaché serait démunie de sens et conduirait a des
interprétations erronnées des processus d'impact des huiles brutes sur 1'en-
vironnement aquatique.

En conséquence nous croyons qu'il serait nécessaire de procéder a une implan-
tation progressive du réseau.

5.1.1 Simulation des pertes dans les opérations portuaires

A 1'aide de-dériveurs de surface et de fond, et autres accessoires de me-
sure d'écoulement des fluides, il est possible de simuler le comportement
des nappes d'huiles ainsi qu'évaluer le comportement hydrodynamique des
masses d'eau qui viennent en contact avec la région portuaire; la mise

en eau des dériveurs sera faite de facon a simuler, par différentes condi-
tions météorologiques et en différentes saisons, un écoulement massif
d'huile, et de facon & simuler des pertes continues. Deux années d'opéra-
tion devraient normalement &tre envisagées avant de s'arréter sur un choix
définitif des stations fixes.

5.1.2 Description de 1'environnement susceptibles d'étre affectées par les

opérations portuaires

Un inventaire de la faune et de la flore régionale ainsi que des ressour-

ces piscicoles d'intérét commercial de 1'estuaire devraient é&tre entrepris
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simultanément 3 la simulation des pertes associées aux opérations por-
tuaires; 1'interprétation des résultats obtenus de la simulation per-
mettra de détailler, dans les régions critiques, 1'inventaire déja en-
trepris et d'identifier les organismes susceptibles de servir d'indica-
teur de la qualité du milieu. Une description détaillée de la morpholo-
gie des fonds et des berges et 1'analyse de 1'utilisation du territoire
régional fournira des renseignements nécessaire a 1'établissement de zo-
ne prioritaires oll une surveillance plus intense se traduira par une aug-
mentation de la densité des stations fixes et/ou de la fréquence de 1'é-

chantillonnage.

5.1.3 Evaluation de la qualité des eaux dans la région portuaire

Un certain nombre de stations d'échantillonnage fixe dans un rayon de 1
mille du site projeté pour le port servira a 1'évaluation mensuelle de

la qualité des eaux en contact avec la région portuaire (12, distribuée
sur un cercle d'un mille de rayon). Les résultats obtenus sur la qualité
de 1'eau, des sédiments en suspensions, et des sédiments de fond ainsi que
ceux obtenus des dériveurs de surface et de fond permettront probablement
de fixer un nombre plus restreint de stations permanentes représentative
du milieu. Les résultats obtenus et le maintien en service des stations
permanentes serviront ultérieurement d &valuer 1'impact de la construction

du port et des opérations portuaires dans les eaux avoisinantes.

5.1.4 Choix des stations fixes

Intégrant les comnaissances développées dans la premiére étape sur le
comportement des masses d'eau aux données recueillies sur les courants

et marées locales, sur les conditions météorologiques, sur la bathymétrie,
la morphologie des fonds en eau peu profonde et profonde, sur la morpho-
logie des berges, et respectant les zones prioritaires il sera possible
de déterminer 1'emplacement de stations permanentes susceptibles, en tout
temps de témoigner de la qualité du milieu. Ces stations dites permanen-

tes devraient entrer en opération un an au minimum avant le début des opé-

rations portuaires.
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5.1.5 Echantillonnage complémentaires

Les stations d'échantillonnage complémentaires viendront, en période

critique, augmenter la résolution du réseau, ou corriger ses défail-

lances probables dues & la faillibilité de la courte série historique
qui aura servi a 1'établir; de plus, elle pourront se transformer en
stations permanentes en cas de crise. Au fur et a mesure que les con-
naissances du comportement des huiles dans le fleuve, dans 1'estuaire
et méme dans le golfe s'amélioreront un échantillonnage complémentaire
adaptable a la situation réelle permettra d'augmenter 1'efficacité de

la surveillance du réseau permanent.

L'amorce d'un échantillonnage complémentaire et la description de sa
méthodologie ne peuvent &tre anticipées; elle sera adaptable a la si-
tuation qui surviendra et qui pourra &tre identifié par 1'intégration
de 1'information obtenue de la surveillance aérienne (Photo aérienne
multispectrale), de la surveillance du réseau permanent, de la surveil-
lance de la qualité des produits comestibles en provenance de 1l'estuai-
re ou du golfe et de la surveillance des plages. L'initiative du déclen-
chement des opérations de surveillance complémentaire doit &tre considé-
rée comme fondamentale et confide 4 un scientifique responsable; il dé-
cidera a partir de 1'expérience acquise des procédures d'échantillonnage
et d'analyse et verra a interpréter dans les plus bref délais les infor-

mations qu'il aura su obtenir dans sa démarche.

La figure 27 présente le schéma proposé du mode d'irmlantation du réseau
d'acquisition de données de qualité.

5.2 MODE D'ECHANTTLLONNAGE

La méthodologie de 1'échantillonnage (fréquence et paramétre a mesurer) doit
servir les objectifs identifiés dans la section précédente; en particulier,
elle doit permettre d'évaluer la qualité générale du milieu sans étre handica-
pée par une série de relevés de paramétres physiques, physicb chimiques et
biologiques difficile a interpréter. Cet restriction rend difficile 1'identi-

fication de paramétres qui renseignent simultanément sur la qualité générale
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COORDINATION
IDENTIFICATION DU “ OPERATION DE 12 STATIONS
MOUVEMENT DES D'ECHANTILLONNAGE (MINIMUM)

MASSES D'EAU * SITUEE SUR UNE CIRCONFERENCE
: D'ENVIRON 1 MILLE DE RAYON

CONSTRUCTION DU

SUPER-PORT
CHOIX DES STATIONS CHOIX DES STATIONS INDICES
D'ECHANTILLONNAGE PERMA- D'ECHANTILLONNAGE PERMANENTES
NENTES ET OPERATIONS DES ET OPERATIONS DE STATIONS
STATIONS
'UPERATlogsSPORTUAI~
ECHANT ILLONNAGE
COMPLEMENTAIRE
RESTAURATION

Figure 27: Schéma décrivant la méthodologie de 1'implantation du réseau
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du milieu aquatique et sur les conditions physiques, physico-chimiques et
. biologiques qui prévaudront dans les zones détériorées ou il faudra inter-

venir pour les restaurer de la facon la plus adéquate possible.

Le choix des paramétres est donc conditionné par le besoin d'information sur
1'état du milieu et sur 1'optimisation du processus d'intervention en vue de
restaurer le milieu. Les paramétres physiques tel que la température, la con-
ductivité, le pH, les solides en suspension, les paramétres physico-chimiques
tel que les ions majeurs (Na, X, Mg, Ca, Cl, 804) les substances traces (le
vanadium, le nickel et le soufre), 1la concentration en huile, en composé aro-
matiques ou en phénol ainsi que les paramétres biologiques tel que la microflo-
re totale, l'accumulation en hydrocarbone dans la chaine trophique sont tous

susceptible de renseigner sur la qualité du milieu.

Nous proposons de visiter mensuellement les stations permanentes, de mesurer
ou d'analyser sur des échantillons pris en surface (0.5 cm de la surface),
en profondeur intermédiaire (3 1'interface de 2 zomes distinctes ol, le gra-
dient thermique est maximum ou le gradient de conductivité est maximum) et

en profondeur maximale (3 1'interface eau-fond), les paramétres suivants:
parametres physiques:

- vitesse et direction du courant;
- température;

- PH;

- conductivité;

- les solides en suspensions;
paramétres physico-chimiques:

- Na’ K’;
- Ca, Mg,;

- (1, oy,
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- VvV, Ni, S,
- hydrocarbone total (en suspension et associé aux sédiments en suspension
ou aux sédiments de fond);

- phénols.

De plus, nous suggérons que des échantillons en provenance des péches commer-
ciales ou des péches sportives soienht analysées afin d'évaluer leur teneur en
hydrocarbone et en phénol; une autopsie devrait €tre pratiquée sur tous les
oiseaux aquatiques trouvés morts ou mourants lors de 1'inspection des berges
afin d'identifier la cause de la mort.



