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Etude des répercussions sur l'environnement marin du projet 

"Ashland Oil Terminal" 

Résumé 

La première partie du rapport présente la description de l'état actuel des mouve­

ments et de la circulation des masses d'eau, des marées, des glaces et l'état ac­

tuel de la pollution de l'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 l'apparence et l'esthétique de la région portuaire de 

Grande-Ile, Kamouraska. 

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

surveillance et le contrôle 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 troisième partie du rapport propose l'implantation d'un réseau d'acquisition 

des données de qualité (eau et sédiments) en deux étapes. La première pour é­

tablir la qualité physique, chimique et biologique du nilieu; la seconde pour 

rationaliser le réseau à partir des données et de l'expérience acquises. Enfin, 

on propose une méthode d'évaluation de l'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, contrôle, fuite, déversement, réseau, acquisition, donnée, 

qualité, Saint-Laurent, Grande-Ile, Kamouraska 
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1 Effects of GRANDE ILE Supertanker Port and 

Jetty of the marine environment of Kamouraska 

area 



1 EFFECI'S OF GRANDE-ILE SUPERTANKER PORI' AND JETrY 

ON THE MARINE ENVIRONMENT OFF KAMJURASKA AREA 

1.1 INTRODUCI'ION 

2 • 

It is pe:r:haps enlightening, before delving into the proposed hamor 

and Jetty at Grande Island, Karrouraska, and their effects on the 

environnent, to review our knCMledge on the physical oceanography 

of the St. Iawrence Gulf and Estuary. 

Canadian hydrographic charts carry the narre "St. Lawrence River" 

eastward to a sectio n passing roughly through the centre of Anticosti 

Island, and the narre "Gulf of St. Lawrence" for the renainàer of the 

system bounded by the mainland, Cape Breton Island, and Newfoundland 

(Fig. 1). Sinee the upstream limit of salt penetration is near Quebec 

City, the tenn "estuary" could, by Pritchard' s (1952) defini tion, be 

used to include all of the river and gulf belCM this point. In this 

report the tenn "river" is used here te refer to the area above Quebec 

City, the "estuary" between Quebec City and Pte. des Monts, and the 

"gulf" belCM Pte. des Monts. This use of the ward "estuary", following 

Forrester (1967), is admitted1y an ~dient te bridge the ill-àefined 

boundary between the regions bearing the historically accepted narres 

"St. Lawrence River" and "Gulf of St. Lawrence". 

3 The Gulf of St. Lawrence has an area of 24lx10 sq. km. (Forrester and 

Vandall, 1968). Through the St. Lawrence River and nurœrous smaller 

ri vers the gulf recei ves the drainage f:rom an area of approximately 

l3x105 sq. km. It is the principle sea access to our largest cilies and 

te - over 60% of the population of Canada, and i t is the source of lIDre 

than 40% of all Canadian sea-fish landings. 

The physica1 features of the Gulf have been sumnarized by El-Sabhètàl. 

(1969) who mention all the published and unput:>lished li terature of 
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physical oceanography up to 1968. To quote from that paper: "The 

principle cormection with the Atlantic Ocean is through cabot Strait. 

A nore restricted cormection is through the Strai t of Belle Isle. 

The Strai t of Canso, separating the mainland of Nova Sootia from 

Cape Breton Island, is very nar:row and since 1954 has been closed, 

except for a lock through the causeway. Table 1 shows the 

characteristics of these cormections ot the Gulf. 

rAB LE 1 

Characteristics of the entrances to the Gulf 

of St. Lawrence 

~ Cabot Estuary sec- Belle Canso Strai t 
Strait tion (Poin te Is le oefore 

des Monts) Strait causeway 

Minimum width 104 km. 45 km. 16 km. l km. 

Maximum 
unrestricted 480 m. 330 m. 60 m. 35 m. 
depth 

Minimum 
cross-section 35 x 10 6 m2 12 x 10 6 m2 1 x 10 6 m2 25 x 10 3 m2 

area 

after 
cause-
way 

25 m. 

10 m. 

250 m2 
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The main feature of the bathymet:ry of the Gulf is the Laurentian 

Channel (Fig. 1) extending fran the Continental Shelf south of 

Newfoundland through the gulf nearl y to the nouth of Saguenay River. 

From the edge of the Continental Shelf to cabot Strait it has depths 

ranging approxirnately fran 600 to 400 m. Fran cabot Strait inward 

to a distance of about 640 km. i t has depths of 400 to 300 m. The 

Esquiman Channel, branching off fram the Laurentian Channel, extends 

fram the central portion of the gulf northeastwards tCMards the 

Strait of Belle Isle. It is nore than 180 m. deep except as it 

approaches· the strai t. To the south of the Laurentian Channel is the 

shallCMer area knCMl1 as the Magdallen ShallCMs. The estuarine Channel, 

as shCMl1 in Fig. 2, is a furmel-shaped bay, va:rying in width fram 

20 km above the nouth of the Saguenay River to 45 km near pte. des 

Monts. The depth increases fran about 10 m in the shoal area off 

Quebec City to 60 m above the Saguenay. Off the nouth of this river, 

the bed drops abruptly to 300 m, and remains approximately at this 

depth through the rest of the defined system. 

. _. '_'-'~-'-'-'_'gQm 

Fig. 2. Lower St. Lawrence River and estuary. 



6 • 

1.2 ~R MASSES: 

Al though the water mass pattern in the Gulf shONS a three-layer 

structure in sumœr, the basic pattern exhibi ted in winter, when 

there is a cold upper layer vcuying in thickness from 100 to 150 m. 

with terrperatures as ION as -1. 70 C and salinities vcuy between 

32.5 and 330/00. This is underlain by the deep water extending to 

the bottan of the Laurentian Channel, wi th temperatures between 4 

and 60 C, and salinities close to 34.50 /00. The cold layer contracts 

rrarkedly in volmre in spring and surnrœr 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 dCMIl to sone 50 to 75 m., 

with terrperatures as high as 180 C and salinities as low as 260 /00. 
Originally the cold water at intennediate depths was thought to 

originate outside the gulf, but is nON believed to be nostly locally 

forrœd during the winter. From a quanti tati ve terrperature - Salini ty 

study of the gulf, Forrester (1964) concluded that " the interrœdiate 

cold-water layer may be canpletely accounted for as the rerrn.ant of the 

locall y-forrœd upper mixed layer of the winter. Wi th the advent of 

spring the :rœlting of ice and the increase in nm-of;E would decrease 

the salini ty and the surface wanning would increase the terrperature 

at the surface. These effects would then be diffused downwards by 

vertical mixing, leaving a terrperature minimum near the bottom of the 

original mixed layer". Recent inte:rpretation of the oxygen observations 

in the gulf (D'Anglejan and Dunbar, 1968) and the existence of a sumœr 

oxygen rnaxirnum tONards the bottom of the therrrocline just above the 

interrœdiate layer, support Forrester' s view about the origin of this 

layer. 

By study of the terrperature-salinity relationships., Lauzier and Bailey 

(1957), follONing McI.ellan (1957), concluded that the deep wann waters 

are forrœd outside the gulf through a mixing of Labardor and Slope waters. 
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Lauzier and Trites (1958) shCM that these deep waters have a maximum 

terrperature at a salinity of 34.60/00. Variation of the maximum 

te:rrq:Jerature fran a lCM of about 40 C in the 1920' s te a high of about 

60 C in the earl y 1950' s, aecorrpanied by an increase in volurœ of the 

deep layer, was abserved. This wanning period was followed by a cooling 

trend up to 1967, where terrperatures decreased to 40 C, although wanning 

beeame apparent agin fran 1967 to 1971 (EI-Sabh, 1972). 

Onl Y few investigations were carried out in the St. Lawrence Estuary 

to study variations of the oceanographie properties. In February and 

May 1963, Neu (1970) carried out a detailed study between Quebee City 

and Pte. des M:>nts. These two rronths were chosen prirnaril y to penni t 

an evaluation of the differences which occur in the estuary due to a 

large variation in the fresh water inflCM. It was coneluded from this 

study that in the deep section of the St. Lawrence Estuary, the water 

is di vided into two layers, an upper and a deep layer, while in the 

shallCM section the upper layer extends throughout the depth. The 

salini ty of the deep layer was the same in May as in February, suggesting 

that its content remains constant throughout the year although the 

salini ty of the upper layer changes wi th the fresh water inflCM. The 

upper layer is triangular in cross-section wi th the deeper side along 

the south shore where the water is principally fresher, but colder in 

February and wanœr in May (Fig. 3) than on the north shore side, except 

where the Saguenay River enters the system. The depth of this layer 

inereases 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 nonths are shCMl1. in Fig. (5). 
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1.3 CI~ION: 

'!he genera1 circulation aIOund the Gulf of St. Lawrence is anti­

c1ockwise. Infonnation on the circulation has been àeduced fram 

direct current Ireasurerrents (Fa.r:quharson, 1962, 1963, 1966; 

B1ackford, 1965, Forrester, 1967, and Lawrence, 1968 ); fram 

dynarnical calculations (MacGregor, 1956; Trites, 1963, Farquharson, 

1963, 1966; B1ackford, 1965, 1967; Farquharson and Bai1ey, 1966; 

Forrester, 1967; E1-Sabh and Joharmessen, 1972); fram drift bott1es 

and drogue studies (Burrpus and Lauzier, 1965; Lauzier 1965, 1967; 

Boudreault and Héritier, 1971, Boudreault, 1972); and fram t:heoretical 

rroàe1s (B1ackford, 1965; Murty and Taylor, 1970). The 

bulk of investigation has been done during the ice-free nonths of the 

year, and very 1itt1e infonnation is avai1ab1e for the winter rronths. 

Ea:téIy circulation studies in Cabot Strai t were œxried out by Dawson 

(19.1:3 .. ) and Sandstrom (1919). Fran geostrophic calculations 

MacGregor (1956) found the circulation in the strai t to be marked 

by an outward surface fION strongest on the cape Breton side wi th a 

tendency for a weak inf10w along the Newfoundland side. He found 

much variation fran cruise to cruise, wi th strongest currents in 

August and 1east in April and May. In recent years direct current 

Ireasurerrents have been undertaken across Cabot Strai t for approximate1y 

one nonth. An examination of these Ireasurerrents (Fig. 6) suggests an 

inf10N through the who1e depth of the Newfoundland side of Cabot Strai t. 
(E1-Sabh, 1973) 

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

Huntsman, Bai1ey and Hachey (1954); Bai1ey (1958), and Farquharson and 

Bai1ey (1966). These studies al1 indicate that a1though there is no 

large net f10W' through the strait, there isan inward noverrent of 

Labrador coastal water on the Labrador side and an outf10W' of the gulf 

water on the Newfoundland side. On sare occasions a strong out fION 
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through the strai t is observed to 1ast for several days or even weeks, 

mile on ether occasions strong inf10w may dorninate for an equa11y 

long tille. The possible causes of these ternporary dominant f10ws are 

suggested to be the north-south bararetric pressure gradient and the 

wind effect (Dawson, 1907; Bai1ey, 1958; and Lawrence, 1968). 

Prior to the construction of the Canso causeway there was a fair1y 

strong current through the Strai t of Canso fram ~rge Bay towards the 

Atlantic Ocean. Since the strai t was c10sed this current has been 

rep1aced by a fair1y strong north-easter1y outset along the shore of 

Cape Breton Island tCMards Cabot Strait. 

The outf1ow fram the St. Lawrence River, which is the source of over 

ha1f 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 Iœasurerœnts made in 

the St. Lawrence Estuary. By IroOring strings of water bott1es and 

tripping them by tllne' re1ease, Forrester was able to obtain simul taneous 

observations through the cross-section of the estuary near pte au Père. 

E1even sets of simll taneous observations were obtained each at a different 

phase of the semidiurnal 1unar tide. Corrparison of geostrophic currents 

wi th direct current observations showed that a tidal oscillation was 

present in the vertical shear of the geostrophic current in response to 

the vertical shear in the tida1 streams. It was conc1uded fram this 

that Iœaningful geostrophic current in the estuary can on1y be detennined 

fram averaged tille series observations. Forrester and E1-Sabh (1972) 

show how geostrophic currents adjusted to satisfy the condition of zero 

average salt transport fai th full Y produce accurate estimates of fresh 

water discharge fram the St. Lawrence Gulf and Estua:ry. It was estimated 

that horizontal advection is rrore inportant than horizontal diffusion as 

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

is the Gaspé current, which begins to develop in the RiIrouski -

Pte. des M:::mts areas (Fig. 7) and extends throughout the entire 

length of the Gaspé ooast. This current is ooupled wi th an inflow on 

the Antioosti Island side of Gaspé Passage. This general pattern., 

however, is subject to oonsiderable variations and the Gaspé current 

may on occasions disappear (Fa:rquharson, 1966). 

Utilizing all infonnation and :rœasurerœnts available in the gulf 

during surmer period, Trites (1970) was able to draw a typical 

surmer surface circulation pattern. (Fig. 8). The general two-way 

flow in bath entrance straits, the counterclockwise circulation in 

the interior part of the Gulf, and the Gaspé current are the daninant 

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 nove:rœnts of parachute drogues in the southem gulf in surnœr 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 thernocline. These smaller gyres were 

observed to nove 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 November of each year to 

provide the terrperature-salini ty data wi th which the Ice Forecast 

Centre of the D.O.E. prepare their ice forecast. The bulk of this 

data provide an excellent opportuni ty to study the :rœan surface 

circulation pattern. during Noverrber (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 Strai t and outflow along the 

Cape Breton side are the main features in the average autumn surface 

circulation (Fig. 9). 
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The first and (so far) only atterrps to study the winter circulation 

in the Gulf is that of EI-Sabh and Johannessen (1972), based on 

observations made on board the HMCS "Labrador" in March 1956 and 1957, 

and the CSS "Baffin" in FebrualY 1962. From this study it was found 

that the large anticlockwise gyre southeast of Anticosti Island, which 

is a consistent feature of the surrmer and auturm circulation, disappears 

in winter (Fig. la). On the contrary, a smaller clockwise gyre has 

been cbserved southeast of Anticosti Island. The surface flCM through 

Cabot Strai t in winter was found to he outward on both sides of the 

strait, stronger on the Cape Breton side, which agrees weIl with the 

drift bottle experiIœnts at that tiIœ of the year (Bmtpus and Lauzier, 

1965). An interesting feature is the strong inflCM of surface water 

through the rniddle of the strai t which is di verted to the north and 

south and joins the outflCMing current on both side3 of i t. This 

"blocking" of inflCMing surface Atlantic water might he due to the 

prevailing N W wind regiIœ over the Gulf during the winter nonths, and 

also te the influence of drifting ice. This general picture of surface 

circulation in Cabot Strai t conpare favorabl y wi th the rrost 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 i t is not feasible 

at present to draw a picture for the entire Gulf at arr:! season. Sea 

hed drifters released by Lauzier (1967) in the southe1J1 and central part 

of the Gulf ShCM in general a well-marked seaward rroverrent along the 

50-100 fathan contour along the southweste1J1 border of the Laurentian 

Channel, that is along the edge of the Magdalen ShallCMs. An inward 

flCM usually is present along the 50-100 fathan contours on the north­

easte1J1 side of the Laurentian Channel. A rather conplex patte1J1 

erœrges for the southwestem Gulf, although a large area ( 7,000 mi 2) 

surrounding the Magdalen Islands shCMS a general covergence tCMards the 

Islands. Fesidual bottan currents based on sea bed drifter experiIœnts 

appear to he rrostl y in the range O. 3 - O. 7 mi/day. 
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Theoretica1 rrode1s based on sirrp1ified fonns of the equations of 

l1'Otion bave been used to study the large scale features of the 

circulation of the Gulf of St. Lawrence. In this marmer, B1ackford 

(1965, 1966) deve10ped a two-di.nensional e1ectrical ana10g rrode1 for 

wind-dri ven circulation in the gulf. This rroàe1 succeeà.ed in producing 

a Gaspé current and an antic10ckwise gyre in the central part of the 

gulf. Murty and Ty10r (1970) deve10ped nurœrical rrode1s incorporating 

l1'Ore realistic topographie and oceanographie features in addition to 

the wind stress. They obtained a rrore detai1ed representation of the 

circulation the main features of which are in good agreerœnt wi th the 

observations. It is evident from the success of these wind-stress 

rrode1s that the wind p1ays an inportant ro1e in producing the large 

scale circulation in the gulf. 
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1.4 TlDES AND BEA LEVEL: 

Studies of tidal phenaœna in the gulf have been reported by Dawson 

(1896, 1920) and Fru:quharson (1957, 1962 and 1966). The semidiurnal 

and diurnal tides, fran the North Atlantic Ocean, are both propagated 

through cabot Strait. The propagation of the tide can be rrost clearly 

illustrated by a cotida! chart. Figure Il shows the cotidal chart for 

the semidiumal Itmar tidal constituent~. It shows the influence of 

the Coriolis force in the reduction of the nodal line to an arrphidrœri.c 

point. Figure 12 shows the cotidal chart for the diurnal oonsti tuent KI. 

In rrost areas of the Gulf, the semidiurnal constituent dorninates. Tidal 

range increases rapidly tavards the St. Lawrence River with a rœan range 

of about 10 ft at Father Point, 15 ft at Quebec City and l ft at Three 

Ri vers. 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 Northurrberland 

Straits, am other locall y oonfined regions, tidal currents seldan exceed 

0.5 kn. In Cabot Strait, tidal streams are typically of the order of a 

knot. In sorre 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 

oonsiderably influences the character of the tidal streams, particularly 

in the upper layer of the estuary. Internal tides probably exist 

throughout the gulf, but observational evidence of their importance is 

still lacking. If present, their behaviour is likely to vary substantially 

fran season to season as the densi ty structure tmdergoes 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 harrronic constituents (~, S2' N2 , KI' 01' M4 

and MS 4) of the tidal transport and steams through each of 22 sections 
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across the St. Lawrence river and esturuy (Fig. 13). Table lIa 

lists the ~ harrrnnic ronsti tuent of the vertical tide for each 

region and of the tidal volurœ transport and rrean tidal stream through 

each downstream cross-section. The average ~ tidal stream through 

cross-sections Ag, 1).4' ~land ~2 as obtained fram the current 

rreters is also shawn in Table lIa. Tables Ilb to llg contain the 

sarre infonnation for the harrrnnic ronstituents S2' N2 , KI' °1 , M4 

and MS4 respectively. AlI phase lags refer to Este:rn Standard Tine. 

Inflœing tidal streams have the positive signe It was roncluded 

fram this study that the average tidal streams through the sections 

are rrore accurately detennined from the tide gauge data and the 

principle of continuity than rould be acconplished by direct current 

rreasurerœnt. This was confinned by Godin (1971), who used· a sirrple 

fonn of the hydrodynamic equations to study the steady and tidal flows 

in the St. Lawrence River and Esturuy. Tc quote fram his report: 

"From Trois Rivières at the rrouth of Lake St. Peter, onwards to the 

Gulf of· St. Lawrence the river flœ and the water level becaœ 

increasingl y affected by the tide. First, the rrodifications are 

slight and are appreciable onl y over intervals of two weeks or rrore. 

Figure (14) shows the changes in level during a rronth at Trois Rivières. 

The daily tidal fluctuations ride on the back of a rrore irrportant 

semi':"rronthly oscillation. 1bwnstream of Trois Rivières the diu:rnal and 

semidiu:rnal oscillations becaœ predaninant. The change in level is 

the shape of saw teeth when plotted on a tirre scale. The tide reaches 

its maxllnum arrplitude in the vicinity of the Isle aux Couldres; 

downstream i t decreases and takes a more symretrical oaeanic character. 

Figures 15 and 16 shœ the change in level at Quebec and Pointe au Père 

during one nonth. Québec is a station where the tiàe has a shallow 

water character al though the tight tirre scale of the diagram does not 

allœ to fully realize this fact, while at Pointe au Père the tide has 

a srrooth character. 
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TABLE II a 

Harmonie constituent M 2 (EST) 

(after Forrester, 1972) 

No. of Mean Tidal Mean Tidal Mean Tidal 
Region Vertical Volume Stream Stream 

i Tide Transport (Calculated) (Observed) 
(m) (l06 m3 /s) (mis) (mis) 

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, 338°) (0.12, 338°) 
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°) 
Il (2.00, 162°) (0.0739, 104°) (0.67, 104°) 
12 (1.98,150°) (0.1765,077°) (0.88, 077°) 
13 0.93, 137°) (0.2736, 066°) (1.1 0, 066°) 
14 0.86, 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 0.58, 084°) (0.6028, 033°) (0.89,033°) 
18 (1.56,074°) (0.7197,023°) (0.69,023°) 
19 (l.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 0.16,048°) (2.056, 339°) (0.18,339°) (0.16,341°) 



No. of 
Region 

i 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Il 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

TABLE lIb 

Harmonie constituent S2 (EST) 

(after Forrester, 1972) 

Mean Tidal Mean Tidal 
Vertical Volume Stream 

Tide Transport (Calcula ted) 
(m) (l06 m 3 /s) (mis) 

(0.01,112°) (0.0005, 022°) (0.03, 022°) 
(0.02,052°) (0.0005,018°) (0.03,018°) 
(0.02, 027°) (0.0005, 007°) (0.04, 007°) 
(0.06,003°) (0.0007,324°) (0.04,3.24°) 
(0.08,356°) (0.0009,304°) (0.07,304°) 
(0.14,329°) (0.0012,282°) (0.12, 282°) 
(0.18,318°) (0.0017,264°) (0.12, 264°) 
(0.29,294°) (0.0033, 230°) (0.12,230°) 
(0.34, 278°) (0.0076,205°) (0.35,205°) 
(0.44,221°) (0.0117,169°) (0.21,169°) 
(0.48,213°) (0.0177, 152°) (0.16,152°) 
(0.49, 197°) (0.0442, 123°) (0.22, 123°) 
(0.53,182°) (0.07 15, 111 0) (0.29,111°) 
(0.50, 162°) (0.0954, 100°) (0.30, 100°) 
(0.48, 142°) (O. 1117, 091 0) (0.20,091°) 
(0.52,129°) (0.1486,076°) (0.19,076°) 
(0.48, 122°) (0.1652, 070°) (0.24, 070°) 
(0.50, 113°) (0.2059,059°) (0.20,059°) 
(0.47,101°) (0.2437, 050°) (0.06,050°) 
(0.43, 094°) (0.3053,039°) (0.06,039°) 
(0.42, 095°) (0.3850, 031°) (0.04,031°) 
(0.34, 083°) (0.6368, 015°) (0.06,015°) 

26 . 

Mean Tidal 
Stream 

(Observed) 
(mis) 

(0.38, 199°) 

(0.29, 102°) 

(0.03,023°) 
(0.06, 022°) 



No. of 
Region 

i 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

TABLE Il c 

.Harmonic constituent N 2 (EST) 

Cafter Forrester, 1972) 

Mean Tidal Mean Tidal 
Vertical Volume Stream 

Tide Transport (Ca1culated) 
(m) Cl 06 m 3 /s) (mis) 

(0.01, 045°) (0.0003,315°) (0.02, 315°) 
(0.01,353°) (0.0003, 312°) (0.02, 312°) 
(0.02,328°) (0.0003, 302°) (0.02, 302°) 
(0.04,309°) (0.0005,264°) (0.03, 264°) 
(0.06,307°) (0.0006, 248°) (0.05, 248°) 
(0.10, 266°) (0.0008, 226°) (0.08,226°) 
(0.12, 246°) (0.0010, 205°) (0.07,205°) 
(0.19,225°) (0.0019, 164°) (0.07,164°) 
(0.33, 188°) (0.0055, 117°) (0.25, 117°) 
(0.28, 155°) (0.0088,094°) (0.16,094°) 
(0.30, 142°) (0.0124,081°) (0.11,081°) 
(0.36, 125°) (0.0308, 052°) (0.15,052°) 
(0.37,114°) (0.0497,041°) (0.20,041°) 
(0.33, 099°) (0.0654,033°) (0.21,033°) 
(0.35,082°) (0.0776,025°) (0.14, 025°) 
(0.30,064°) (0.0977,012°) (0.13,012°) 
(0.31,056°) (0.1073,007°) (0.16,007°) 
(0.31,049°) (0.1309, 357°) (0.13,357°) 
(0.30, 038°) (0.1535,348°) (0.04, 348°) 
(0.27,031°) (0.1887,337°) (0.04, 337°) 
(0.25,031°) (0.2323, 330°) (0.03, 330°) 
(0.24,030°) (0.4129,316°) (0.04,316°) 

27 . 

Mean Tidal 
Stream 

(Observed) 
(mis) 

(0.30, 140°) 

(0.21,031°) 

(0.03, 330°) 
(0.04,318°) 



No. of 
Region 

i 

1 
2 
3 
4 
5 
6 
7 
8 
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10 
Il 
12 
13 
14 
15 
16 
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20 
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TABLE II d 

Harmonie constituent Kl (EST) 

(after Forrester, 1972) 

Mean Tidal Mean Tidal 
Vertical Volume Stream 

Tide Transport (Calculated) 
(m) (l06 m 3 /s) (mis) 

(0.02, 090°) (0.0004,000°) (0.02, 000°) 
(0.02, 052°) (0.0004, 35So) (0.02, 358°) 
(0.03,034°) (0.0004, 352°) (0.03, 352°) 
(0.06, 359°) (0.0005, 327°) (0.03, 327°) 
(0.08,353°) (0.0006, 311°) (0.05, 311 0) 

(0.12,330°) (0.0007,294°) (0.07, 294°) 
(0.14,329°) (0.0009,281°) (0.07, 281°) 
(0.19,302°) (0.0013, 251°) (0.05, 251°) 
(0.19, 288°) (0,0024, 224°) (0.11, 224°) 
(0.23, 263°) (0.0038, 202°) (0.07, 202°) 
(0.24, 253°) (0.0054, 189°) (0.05, 189°) 
(0.24, 246°) (0.0121,170°) (0.06, 170°) 
(0.23,240°) (0.0IS5,163°) (0.07, 163°) 
(0.25, 232°) (0.0254, 157°) (O.OS, 157°) 
(0.25,222°) (0.0308, 153°) (0.05, 153°) 
(0.24,215°) (0.0419,145°) (0.05, 145°) 
(0.24, 213°) (0.0471, 142°) (0.07, 142°) 
(0.25, 209°) (0.0596, 137°) (0.06, 137°) 
(0.24, 205°) (0.0721, 133°) (0.017,133°) 
(0.23,200°) (0.0919, 128°) (0.017,128°) 
(0.23,201°) (0.1157,124°) (0.014,124°) 
(0.23,201°) (0.2111,11So) (0.018, 118°) 
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Mean Tidal 
Stream 

(Observed) 
(mis) 

(0.12, 227°) 

(0.07, 206°) 

(0.013, 150°) 
(0.015,120°) 



No. of 
Region 
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1 
2 
3 
4 
5 
6 
7 
8 
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10 
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TABLE Ile 

Harmonie constituent 0 1 (EST) 

(after Forrester, 1973) 

Mean Tidal Mean Tidal 
Vertical Volume Stream 

Tide Transport (Calculated) 
(m) (l06 m 3 /s) (mis) 

(0.02, 052°) (0.0004, 322°) (0.02, 322°) 
(0.03,020°) (0.0004, 320°) (0.02, 320°) 
(0.03,005°) (0.0005,316°) (0.04, 316°) 
(0.07,336°) (0.0006, 296°) (0.03, 296°) 
(0.09,330°) (0.0007, 284°) (0.05, 284°) 
(0.13,312°) (0.0008, 271°) (0.08, 271°) 
(0.14, 306°) (0.0010,260°) (0.07, 260°) 
(0.18, 286°) (0.0014,236°) (0.05, 236°) 
(0.20,271°) (0.0024, 209°) (0.11, 209°) 
(0.22, 244°) (0.0036, 187°) (0.06, 187°) 
(0.24,235°) (0.0050,174°) (0.05, 174°) 
(0.24, 232°) (0.0113, 156°) (0.06, 156°) 
(0.24, 221°) (0.0172,147°) (0.07, 147°) 
(0.25,214°) (0.0234,141°) (0.07, 141°) 
(0.24, 204°) (0.0281,136°) (0.05, 136°) 
(0.24, 197°) (0.0381,128°) (0.05, 128°) 
(0.23, 195°) (0.0427, 125°) (0.06, 125°) 
(0.24, 192°) (0.0541,120°) (0.05, 120°) 
(0.23, 187°) (0.0651, 116°) (0.015, 116°) 
(0.22, 182°) (0.0829, 111°) (0.016,111°) 
(0.23, 183°) (0.1047,107°) (0.012, 107°) 
(0.21,183°) (0.1858,101°) (0.016,101°) 
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Mean Tidal 
Stream 

(Observed) 
(mis) 

(0.13, 196°) 

(0.06, .183°) 

(0.010,107°) 
(0.015, 115°) 
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TABLE II f 

Harmonie constituent M4 (EST) 

(after Forrester, 1973) 

No. of Mean Tidal Mean Tidal Mean Tidal 
Region Vertical Volume Stream Stream 

i Tide Transport (Ca1culated) (Observed) 
(m) (l06 m 3 /s) (mis) (mis) 

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, 277°) 
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, 352°) 
9 (0.22,009°) (0.0089,312°) (0.40, 312°) (0.34, 318°) 

10 (0.27,273°) (0.0073,253°) (0.13, 253°) 
Il (0.27,256°) (0.0113, 207°) (0.10, 207°) 
12 (0.15, 239°) (0.0256, 171°) (0.13, 171°) 
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, 172°) (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°) 



No. of 
Region 

i 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Il 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
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TABLE II g 

Harmonie constituent MS4 (EST) 

(after Forrester, 1973) 

Mean Tidal Mean Tidal 
Vertical Volume Stream 

Tide Transport (Ca1culated) 
(m) (l06 m 3 /s) (mis) 

(0.003, Ono) (0.0003, 342°) (0.02, 342°) 
(0.01, 000°) (0.0003, 336°) (0.02, 336°) 
(0.02, 300°) (0.0003,314°) (0.02, 314°) 
(0.04, 268°) (0.0004,205°) (0.02, 205°) 
(0.04, 251°) (0.0007,184°) (0.05, 184°) 
(0.07, 182°) (0.0009,148°) (0.09, 148°) 
(0.09, 160°) (0.0012,116°) (0.09, 116°) 
(0.12, 105°) (0.0019,052°) (0.07, 152e

) 

(0.11, 073°) (0.0042, 008°) (0.19, 008°) 
(0.13, 324°) (0.0033,301°) (0.06, 301°) 
(0.13, 318°) (0.0059,260°) (0.05, 260°) 
(0.07, 295°) (0.0127,227°) (0.06, 227°) 
(0.03, 237°) (0.0139,212°) (0.06, 212°) 
(0.02, 109°) (0.0115,214°) (0.04, 214°) 
(0.04, 086°) (0.0088,230°) (0.02, 230°) 
(0.04, 100°) (0.0057, 284°) (0.007,284°) 
(0.02, 120°) (0.0055,303°) (0.008,303°) 
(0.02, 187°) (0.0027,344°) (0.003,344°) 
(0.02, 186°) (0.0034,049°) (0.001,049°) 
(0.0 l, 137°) (0.0056, 048°) (0.001,048°) 
(0.01, 162°) (0.0094,058°) (0.001,058°) 
(0.003, 251°) (0.0096, 089°) (0.001,089°) 

31 . 

Mean Tidal 
Stream 

(Observed) 
(mis) 

(0.22, 349°) 

(0.04, 229°) 

(0.003,079°) 
(0.001,005°) . 
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In recent years theori tical rrodels have been used ta predict the 

tidal rrotion in the St. Lawrence River and EstUéUY (Godin, 1971; 

Karrphuis, 1969, 1970~ Partenscky and Vincent, 1965, 1968; Partenscky 

and Warnoes, 1969; partenscky and Ngoc Vu, 1971; Ploeg and Karrphuis, 

1969). The results of these rrodels reveal that good agreerœnt can 

be obtained between the predicted and observed tides wi th an accuracy 

of 0.1 ft for water levels and 15 minutes for ti.Iœ. 

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 atrrospheric pressure, leading 

ta high sea levels in the early winter and low levels in the surmer. 

However, the response of sea level ta atrrospheric pressure was less 

than the pure hydrostatic relationship. 

The rrean value of the water levels in the St.Lawrence Estua:ry also 

has a climatologica1 value (Godin, 1971). Figure 17 shows this rrean 

level on a monthly and yearly basis for a 10 year average at the 

principal stations strung along the estUéUY. The fluctuations in 

rrean levels decrease gradually downstream till they becaœ nearly 

imperceptible at Pointe au Père. At King Edward and Frontenac, there 

is a large drop in the level in JanUéUY and FebruaIy following the 

freeing of the channel fram the ice. The next feature COIITIOn ta all 

the curves is the increase in level in March and April created by the 

rrelting of the snow caver. These variations in level are :rraxim.ml 

between the mouth of Lake St. Peter and Québec. Afte:rwards, the level 

drops unifonnly ta reach a miniIrum value in Septernber when they start 

increasing on accaunt of the increased precipitation. 

Figures 18 and 19 show the deviation faIm the rrean yearly level of the 

1l'Onthl y 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 lessaffected by the fluctuation in the discharge. 

The only exception to the rule is Trois-Rivières during April 

which exhibi ts then larger àeviations fran rrean level than the 

stations on the other siàe of Lake St. Peter such as Sorel and 

Lavaltrie. 

The rrean level rnay àeviate by as much as 1.3 rreters in Montréal 

while at Québec its deviations seldom exceeds 20 centirreters. lce 

free conditions in Montréal should reduce the fluctuations in level 

appreciabl y . 
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1.5 TIDAL ~S: 

Along the south shore of the St. Lawrence Estuary between St-Rock­

des-Aulnaies and Trois-Pistoles, are a series of tidal marehes 

characterized by the presence of two grasses, Spartina al terniflora 

and Spartina patens. Man' s past and present impact on this 

ecosystem and the inportance of these marshes to aquatic birds have 

been discussed in details by Reed and Moisan (197l). Discussing the 

origin of these tidal marshes the authors gi ve a concise account 

'Which is guoted here: IIThe south shore of the estuary is underlain 

by red, gray and green slates of Ordovician origin. In cœparison 

with New England tidal marshes, those of the St. Lawrence are 

subject to extreIœ conditions of ice, tide, current and clirnate. 

Furthernore there are no large bays or inlets along the south shore 

of the estua:ry and the shallow bays in 'Which the marshes are found 

offer li ttle protection fran wind, wave, current and ice action. 

These factors seriously affect the rate of sedirrentation (hence the 

build up of thick sedirrents and peat) and the expansion of existing 

marshes. The St. Lawrence marshes are therefore underlain by a shallower 

layer of peat and sedirrent than those of New England. Another 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 rlllzorœs-tend te deepen 

these pools. Hanelin and ca.illeux (1966), working in a small marshin 

the St. Lawrence Estuary, e:xplained the fonnation of pools by the action 

of ice and tides: blocks of turf are pulled out and transported by the 

ice wi th the rising tide. The larger nurrber of pools in the St. Lawrence 

marshes appears te be a consequence of extrerre ice and tidal action. 

IIThe gradually slopping shoreline of the St. Lawrence south shore is 

occasionally inten:upted by high rocky outcrops. Thesaoutcrops do net 
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support marsh vegetation and therefore di vide the marshland into 

srnaller segrœnts which can be nore convenientl y described. The nost 

inpJrtant of these indi vidual marshes are listed and described in 

Table III." 

l t was concluded fram this study that a large population of Black 

Ducks inhabi ts theSpartina marshes during the spring and surnrœr 

where i t finds almost aIl of its breeding needs. Breeding populations 

of Cœlrron Eiders, Herring, Gulls, Great Black-backed Gulls, Great Blue 

Herons, Black-Crowned Night Herons and severa! species of shore birds, 

as weIl 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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TAilLE III 

Description of the tidal mar~hes of the Slllith shon: of the St. Lawrence E~tuary 

---------------------- -------- -------------- ------ --------------------
1 Icngth of* original' acreagc now* 1 

Location shoreline acreage in marsh 1 __________ J __ (_n_1i_Ie_S_) __ ! __ r_ac_res~ __ :---(-a~~~~-_1 ______________________ _ 

uescri ption 

laie de Ste-Anne­
de-Ia-Pocatière 
(from Mont-des-Qurs 
Il Rivière-Quelle) 

4.5 1100 1 400 - S. ail. zone: relatively narrow - steep gradient - fairly deep layer 
of underlying sediment as il1dicated by deep drail1age channels. 

1 - S. pat. zone: narr,lW with relati\'ely few RI/ppia pools. 
\ - JUIiCI/S slope: narrow - prior to reclamation very wide with 

Some 
1 

gcntle sillpe. 

1 
1 

- SIHlrclinc marsh: cllmpktc1y climinated by agriculture. 
vegetation typical of thi, zone now gnl\\'Ing on dikc. 

--------i-------I------ ------ --------------------------------
St-Denis. to 
Kamouraska 

Kamouraska to 
Ste-Hélène 

St-André 

(3 miles SW ta I.S 
miles NE of 
St-André) 

Rivière-du-Loup 

(3 miles westward 
from Rivière-du-
Loup wharf) 

Cacouna 

(1.5 miles either 
side of Cacouna) 

3.0 
1 

1 

6.0 

1 

1 

! 

v 1 

4.:S 

3.0 

3.0 

600 175 
(also 250 
reclaimcd 
by dike but 
now regene­
rating into 
marsh 

------- -------
940 725 

-

575 435 

350 270 

, , 

- S. (III. zOl1e: as above. 
- S. l'(I!. Zlll1e: biscctcd by dikc - ollhide dike narrow, considerable 

1 

number of RlIl'p;i/ pools - "ithin dike br,'ad \Vith few pools. 
- JIIIICIiS slupe: bruad - all reclail11ed by a second dike. 

1- SIHlrcline Illar ... h: scattcrcd patches along fence rows and 
abanduncd fields. 

- S. (III. 7one: as above. 
- S. l'li 1. zonc : variable ln width - high density of RI/ppin pools -

lar~e salt panne 111 this and fllllnwing zone at S\V end nf marsh. 
- JIII/I'II.I· ~Inrc: f;li rly broad but IlllW almost ail reclaimed. 
- Shorelil1e mar~h: scattered patches along fcnce rows and araund 

, 
1 

rocky outcrops. 

- S. (III. zone: as above. 
- S. plll. zone: narrnw, many pools. 
- JIIIII,IS slopç: fairly broad - mainly intact except for narraw 

band reclaimed by dike in village. SW portion of rcclaimed land 
returning 10 Illarsh. 

- Shorelinc Illarsh: eliminated by agricliiturai and residential 
developlllent. 

- S. ail. zone: modcrately broad - fairly deep drainage channels. 
- S. pal. zone: variable in width but generally narrow. 
- JIlI/CII.I· slope : narrow but forrning a broad .. tongue .. at the mouth 

of the river. 
- Shorclil1c marsh: mostly eliminated - heavily grazed where it 

remains. 

1 --------------------------------------------------------------
700 285 - S. ail. zone: fairl)' broad on shallow sediment. 

- S. {Jill. zone: modcratcly broad with Illany pools - drainage and 
grazil1g ln this and the follllwing zone have led ta salI panne 
formation 111 central portion of marsh. 

- JIIIICIIS slope : modcrately broad - only partially rec1aimed by low 
dikes. 

- Shoreline marsh: almost entircly eliminated by agriculture. 
N.il. the construction of a large sea port at Gros Cacouna (a 
project which ha, 110\\' bccl1 ,u,pcl1d~d shnrl of cOlllplction) ha, , 
Icd tn tllc filling il1 of <Jlmost 350 aues (ail zones) ln lhe SW 
pnrt!nn of this mar ... h. 

* approximate measurements made from aerial photographs 

, 
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length of 
Location shoreline 

(miles) 

Ile Verte Channel 4.31 
(from above marsh J 6.3 

.2.0 
tn Riv.-des-Vases-
also on S. shore 
of Ile Verte) 

Rivières-des-Vases 4.S 
to 

Rivière Verte 

original 
acreage 
(acres) 

500 

1200 

42 . 

TABLuIlIcont'd) 

acreage now 
in marsh 

(acres) 

480 

1000 

description 

---------------------_._------------
- S. lIll. zone: narrow on steep slope. 
- S. plll. zone: nnrrow - comiderable salt panne formation of un-

certain cause. 
- JI/nel/s slope : narrow - much salt panne. some mowing on rest. 
- Shoreline marsh : a few small remaining tracts. 

------------------------------------------
- S. lIll. zone: moderately broad on deep to moderatcly deep sedi­

ment. 
- S. pl/I. zone: broad to very broad with very high density of 

RI/ppi(/ pools. 
- Juneus slope: variable but generally broad - about 50 acres re­

claimed in E. portion of marsh - some grazing and mowing. 
- Shoreline marsh: one large. relatively undisturbed tract (200 fI. 

by one mile) also some regencration in abanduned fields - occa­
sional burning. grazing and mowing. 

--------- -------1------- -------1-----------------------------______ _ 
Rivière Verte 

to 
Pointe-à-Ia-Loupe 

5.2 1800 1500 - S. ail. zone: very broad on shallow sediment. 
- S. pat. zone: fairly narrow, high density of pools - in central 

portion draining and grazing have callsed salt panne formation. 
- JrI/lCI/S slope: partially reclaimcd (one large dike encloses more 

th an 100 acres of this and pr('ceeding zone near SW edge of marsh). 
- Shoreline marsh : ail climinated exccpt a few small tracts. 
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1.6 IŒ: 

Aerial ice sm:vey in the Gulf of St. Lawrence was first reported by 

Fo:rward (1954) of the Geographical Branch of the DepartIrent of Mines 

and Technical Surveys, who analysed spring break-up pattenls for the 

1940-1952 period. Since 1959 the Meteorological Branch of the Depart­

rrent of Transport has operated an aerial ice reconnaissance in 

conjunction with an iceforecasting program of the Sea lce Forecasting 

Central in ottawa. (For details of bibliography, the reader is referred 

to EI-Sabh ét al. (1969». Apart from their operational irrportance for 

navigation the ice charts have been and will he very useful for studies 

of the rœteorological effect on formation, growth, decay, and break-up 

of the ice in the gulf. 

In the Gulf of: St. Lawrence observations show that ice corœs from three 

sources; (a) Labrador ice that drifts fram arctit and subarctic areas 

together with small icebergs and enters the gulf through the Strait of 

Belle Islei (b) ice from the St. Lawrence River and Estuaryi (c) ice 

fields which are locally fonœd in the gulf. In general, ice starts to 

fonu in rnid Decerrber wi th fast ice fonning in shel tered areas i by late 

January alrrost the whole gulf is frozen o'iteri it reopens in late April­

May. The ice charts identify four ice types in the gulf: new, young, 

rœdium winter, and thick winter. 

Matheson (1967) has studied ice conditions over a five year period 

using charts published by the DepartIrent of Transport. Figure 20 

shows the fortnightly average ice conditions. From these charts it 

can he seen that during the rronth of January the ice concentration 

increases rapidlYi however, the region west of Newfoundland remains 

unfrozen due to the influx of water fram the Labrador current. By the 

last week of January and the first week of February the southwestem 

and central parts of the gulf are covered by heavy ice originating in 
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the St. Lawrence Ri ver and Estua.:r:y. As winter progresses the ice 

in these areas is convected by the prevailing northwesterl y wind and 

current out through the southern side of cabot Strait. A typical 

feature seen from the charts is also the 10W' ooncentration 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 wanning, leaving ice in the areas north of Prince Edward Island 

and the Strai t of Belle Isle longer than in the Gaspé Passage and the 

central part of the gulf. Matheson' s charts are valuable for shOW'ing 

the geographical distribution of ice, but they do not inoorporate ei ther 

thickness, volurre or drift of the ice in the gulf. 

Using the weekly ice summary charts, Forrester and Vandall (1968) 

divided the gulfinto ten regions and estimated ice volurres 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 aIDmd 

Prince Edward Island early in March. OVer the gulf as a whole the 

greatest average ice. thickness (16 cm) occurred at the end of February 

for the mean ice season. 

It is essential to cany out heat budget studies in order to mderstand, 

and hence predict, the fonnation, grcMth, 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), fran his study on the meteorological effect on ice in 

the Gulf of St. Lawrence, has shawn that high beat los ses during the 

season do not necessarily imply severe ice oonditions. As pointed out 

by him "computation of the heat fluxes revealed the ve:ry high heat gains 

or los ses which may ensue if an airflOW' type is rnaintainerlover a long 
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period. It is irrperative that these high heat 10ss periods continue 

for at least three consecutive days in oroer to produce a significant 

effect on the ice caver". 

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 fonm.ùating a nurœrical nethod for sea ice prediction in the 

gulf and for related areas in the Canadian Arctic. Sorre of the 

preliminary results are repoted by Ingram (1967), Johannessen et al. 

(1968), Ingram et. al. (1969); Johannessenet al. (1969), Fanœr (1969), -- --
Banke (1970), Fanœret al. (1970), Johannessen (1970), Johannessen 

et. al. (1970), 'Smith et.. al. (1970), Pounder et. al. (1971), Seifert and 

Langleben (1972). Sare preliminary analyses fran positioning of a 

drifting buoy by the D.O.E. ice reconnaissance aircraft, and wind and 

posi tians obtained fran a "Manned Drifting Station" sheM that the ice 

fields take part in the tidal llDtion 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 canpared wi th the response of 

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

In the St. Lawrence Estuary ice tends to accurnulate along the south shore. 

Aerial observations reveal that ice is mostly packed and sneM-covered, 

while along the north shore it is llDre translucent and therefore probably 

yonger. This feature seerrs to indicate that surface water deviates 

teMard the south shore, while the wanœr water of the underlying layers 

deviates tCMards the nor'"JJ. shore. 

A detailed study of ice conditions related te winter navigation in 

Kanouraska Basin was carried out by Michel (1973)who concluded that 

"In general manner there is less ice in the central part of Kanouraska 

Basin than at both ends where ice llDvement is harrpered by Ile-aux-Coudres 

and Ile-aux-Lièvres. In average winter weather this ice concentration is 

leM of the order of 3/10 and it is not believei to ever get higher than 6/10. 
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On the average the accountable ice appears in the basin around 

Decerrber 10 and disappears around March 7 for a period of 3 rronths. 

There are 36 days, on the average, of heavy ice fornation. Because 

of the statistical distribution of wind direction the ice will be 

weIl 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 outenrost Karrouraska Islands rrost of the 

winter but the ice keeps rroving at aIl ti.Iœs seawards of Grande,.;.::ne~. 

This shore fast ice fonTIS a groin joining both islands which has 

interesting hydraulic and ice effects. For instance at change of tides 

between flood and ebb tide, i t leads the water and clears the ice 

outwards, ~y from the Islands. When ice floes are rroving along the 

south shore wi th ebb tide they are deflect.ed off the upper tip of this 

naturalgroin leaving an area of clearer water close to Grand Island. 

Finally, and lIDst 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 phenorrenum 

occurs at the end of flood tide, wi th reversing tide, when water seems to 

flCM directl y from the south shore to the north shore off Karrouraska 

Island. This has the effect of clearing aIl floating ice from the south 

shore at the Jleginning of each tidal period unless this effect is coun­

teracted by wind in the opposite direction. 

Shorefast ice fonrs rapidly and its stable line seems to coincide with the 

outward limi t of flats, uncovered at lCM tides. When pressure ice is 

lIDving along shores it may stuck and fonn ternporarily an extended fast 

ice cover. This seem to be of rare occurrence. One are where there seems 

to be very li ttle or no ehorefast ice extension is along the outer 

Karrouraska Islands. 
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1. 7 POLLUTICN ·CXNCERN: 

Developrrent of supertanker oil ports are generally associated with 

pollution problens and their effect on the marine enviroruœnt. 

Seldom, however, have the polluant rœasurerrents 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 concem: pesticides; wastes fram pulp and paper 

industry; rœrcu:ry; petroleum; and other, rnainly mining wastes and 

dorrestic sewage. Tc date rrost polluant rœasurerrents in the Gulf 

have been confined to areas relatively near to urban areas or indus­

trial operations where man-made acti vi tes have had obvious local 

effects. 

It is inportant to have sone knowledge of how rapidly a polluant may 

be carried away fran i ts point of discharge, and at what rate i t is 

dispersed. When detailed current and diffusion rœasurerrents are not 

available, i t is sonetiIœs helpful to estimate flushing tiIœs fran 

very simple rrodels, being rrore readily rœasured than currents and 

diffusion. The rœan flusing tiIœ of fresh water in the Gulf is in the 

order of one year. Tri tes (1970) calcu1ated that a parti cIe noving 

in the direction of the current fran Saguenay to Cabot Strai t would 

conplete the joumey in about three rronths. In reali ty, the particle 

would probably rnake one or several circuits in the Gulf before exiting, 

rather than moving in a straight path. In a recent study, El-Sabh 

(1973) estimated one rronth as the tirœ required for a particle to nove 

at the sea surface fonu the Gaspé Coast te cape Breton Island and two 

years as the tiIœ for the deep water to reach the Estuary area fram 

Cabot Strait. Trites (1970) further calcu1ated that "if wastes are 

discharged raltively tmifonnly .into the fresh water entering the Gulf, 

one cannot expect a dilution of as much as two orders of magnitude 

wi th sea during i ts residence in the Gulf. 
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There have been no large oi1 spi11s in the Gulf. The oost notable 

of the srnal1er disasters occurred in Septenber 1970, when the oi1 

barge "IRVING WHAIE", carrying a cargo of Bunker C oi1, sank in the 

Gulf, resulting in an oi1 slick of about 200 square miles (Loucks 

and Lawrenoe, 1971). Part of the emulsified oi1 oontarninated the 

western beaches of the Magdalen Islands two weeks after the accident. 

The high viscosi ty of the oi1 faci1i tated beach c1eaning sinoe the 

oi1 did not penetrate to any large extent into the sand (Ages, 1971). 

By an ana1ysis of the ultra-violet abso:rption spectra of the Bunker C 

oi1 carried by the "IRVING WHAIE" and that of the oi1 po11uting the 

beaches of the Magdalen Islands, Ievy (1971) established that the 

barge spil1 was responsib1e for the observed pollution. 

Surveys undertaken after the ARRCM disaster in February 1970, and the 

subsequent re1ease of about 2 million gal. of Bunker C, revea1ed that 

smal1 oi1 particles dCMn to sizes at least as smal1 as a few microns 

were present in the water co1urm, not on1y in the vicinity of the 

wreck but for distanoes of at 1east 200 km from the souroe. Partic1es 

were observed to depths of at 1east 80 m. Within a 10-20 km region 

of the wreck, typical conoentrations in the water co1urm below the sea 

surfaoe were in the neighbourhood of 20 ppb (Forrester, 1971). 

There is a great deal of shipping activity in and out of the St. Lawrenoe 

Seaway. Using techniques reoent1y deve10ped by Ievy (1970), pollution 

from Bunker C and simi1ar oi1s were surveyed on a transit from M::>ntreal 

to Cabot Strait. "Conoentrations of a few parts per billion were found 

at al1 stations and al1 depths. Whi1e these 1eve1s are near the 1imi ts 

of re1iability of the nethod, Ievy is of the opinion that there is a low 

background 1eve1 of oi1 which has resul ted fran man-made acti vi ties. " 

(Trites, 1970). Reoent data are reviewed by Ievy and Wa1ton (1973). 

At present, there is no oi1 dri11ing in the Gulf, but oi1 explorations 
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are plarmed for the southem (the Magàalen Shallows) area. Together 

with the rrore westerly parts, this is the area of greatest biological 

production in the Gulf (Steven, 1970). It is also the site of major 

fisheries acti vi ties for herring, cod and plaice, as weIl as for sone 

other species. Furtherrrore, as Trites (1970) points out, "a major 

spill in the winter rronths could he particularly àetrirrental to the 

large seal herds which enter the Gulf and pup during the winter rronths." 
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From the foregoing review sections i t is evident that very li ttle 

infonnation are available in the Karrouraska area of the St. Lawrence 

Estua:ry. It must be exphasized therefore that any conclusion at the 

present tirre for the effects of the proposed Port and Jetty on the 

marine environnent will be based mainl y on a personal guess and on the 

few available infonnation. 

As rrentioned by Michel (1973) "Karrouraska Basin has a central portion 

rrore than 100 feet deep having an area of rrore than 25 sq. n. mi. that 

can recei ve and berth the biggest existing ships. Because of a small 

misalingrœnt wi th the general direction of the St. Lawrence estua:ry 

and the presence of nurrerous seaward islands it is protected fram the 

stonns of the Gulf and is a nutral safe haven. A large channel, 84 feet 

deep at lCM tide, connects the central part of the basin to a deep pool 

very close to the shore of Grande-Ile which is alnost a natural wharf 

for deep water ships Il • Exarnination of the recent current rreasurerœnts 

near Grande-Ile and of the tidal charts ShCM, hCMever, that tidal currents 

prevailing off the island are 2 mots at flood tide and 2.5 mots at ebb 

tide. These fast currents together wi th the presence of heavy winter ice 

in the estua:ry rnay c:onplicate 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·· 

Estua:ry. Its effect, hCMever, will be locally. Depending on the 

direction and height of the seawalls necessa:ry for the port construction, 

oceanographic conditions will change. 

liA reach of shoreline that has been shaped into a pennanent configuration 
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by natural forces acting over the previous centuries may change greatly 

in a marmer of a few weeks or nonths if certain man-made works appreciably 

m:xlify the character of these natural forces" (Ippen, 1966). Such works 

may consist of an extensive breakwater and jetty systems. Unfortunately 

there are no oceanographie observations available at the present tiIœ 

between Grande-Ile and shoreline to predict the effect of the proposed 

Jetty on the envirornrent. The follawing 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 

inpounding. capaci ty of such a barrier depends on the height of the structure, 

the bottam slope and the equilibrium aligrnœnt of the shore in that region. 

The proper siting and spacing of jetties are discussed. The imœdiate effect 

of such structures where the rate of littoral drift is significantis tl}at 

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 series of 

tidal rrarches. No doubt the proposed jetty will affect the character of 

these salt marches and hence aquatic birds which inhabi t thern during the 

spring and sumœr where i t finds alnost all of i ts breeding needs. 

A necessary part of nost jetty systems is Sale provision for passing the 

littoral drift from the updrift tothe downdrift side. It is the opinion 

of the wri ter that the rrore openings in the jetty the less effects will 

have on the envirornœnt. In order to predict exactly these effects a 

hydraulic rrodel for Grande-Ile and the proposed port and jetty ItUlSt he 

buil t and experirrents can he done to test all possible effects. 

There are rnany questions one would like to knCM their answers such as: 
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a) What would the circulation patteTIl look like in Karrouraska area 

after building the port and jetty? 

b) What would the tidal current look like with the proposed jetty? 

c) Cur:rents will he very strong at the openings of the Jetty. What 

are their effects on the jetty i tself and on the tidal marshes in 

the area? 

d) What would the shoreline look like with one jetty? With two jetties? 

Hydraulic :rrodels seeking answers to these questions should increase rœasurably 

our knCMledge about hCM the nearshore area of Karrouraska will behave after 

building the Grand-Ile port and jetties between the port and shoreline. 
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gi::Tll'C! la H8uvaise réputatiorl au cours de la révo-

lllLion incitlstrielle de XIX
e 

au X';;.e siècle de InarKluer de valeur esthétique. 

On peut faire utile et beau; à preuve 1<: Pont du Gard près dl Aviqnon en 

Franœ 1 que tous admirent et: qui es·t un aqLceduc coüsi::rui t pé'.r les Rcmains 

pour d.~s fins purew2nt '.1til itai::::-es. Il peut en être de mêrnç~ pour les instal--

1::1.c ions portuaires et IT2ntiollJlOnS il titre d'exemple que œlles de c:'1p-aux-

Da'1S le cas particulier de Grande-Ile 1 on peut donc prendre pour acquis que 

les qu,::.is et la jeh~ qu 1 on se propose de constnlire n-::; sont pas en soi des 

élérrents pré:} Ildiciè3."l:ües en auta"1t qu'on prenne les !Tesures nécessaires pour 

que l'enserrbJe des constructions donrlent l' irrpression de travaux finis et 

d'une p:r:opl\:té irrpeccable. 

Il arriv': assez souvent que les travaux de génie soient élégants en soi F.lais 

qtle le o..;up d' œil qu'ils laissent soit désagréable parceque les travaux 

d'an:é!'lageID.2Dt ont été mal dirigés. On peut citer un cas typique, c'est oelui 

du lJohn .t/lcKay Bridge qui relie les villes de Halifa'{ et DartInoutl1 en Nouvelle­

Ecosse" Le: pont lui-·rrêrn2 est. élé;rant et cadre assez bien dans le paysage si 

ex:: Il' e3 t. qu 1 au cours de la cc:ms truc..tion du pont. et surtout des artères routières 

qui y c..'Onc1uisent, on a pl."Dcédé au dynamitage de grandes au; "lti tés de roc dans 

le voisinage du pont et on a déJludé des surfac\?s m:rrenses de verdure, de sorte 

que rrêiœ si le pont est élégant 1 l'ensenble ne donne pas lm beau coup d'oeil. 

Pour ce qui concerne le prDjet de Grande-Ile il faudrait prévoir des rrodalités 

de ccnst:ruction l'X)ur la jetée et le port qui prévoient de laisser intacts 

les ·environs imnC'diats des ch,mtiers de construction. les terres agricoles 
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f>ci.S do? rrêrœ des marais sa.1arlt.s dont 12 f::ta!:ü1ité dspend d'un €'<-:luilibre délicat 

const.rucLeurs 

jet.ée. ',~ 1 • , 
L HrIpiJ.Ct: 

ailleu:cs. 

~~ t:arrt que la ceXl::-., tc\.X;t:i-OIl Ge~; G,c1aiS eux-rœrres es L con cern Œ" nous considérons 

pè;T I~CHES 1 GlU prO):x)se la cDnst.ruction de trois quais 

62 (;:;::.>11::12-Ile 1 parŒ~QUe c' f~S L la solution que préfé-

rera:Lent lE~s pilote:;; o::nsUlt2S ;:-.iar la corrpagnie ACf:ES. On consta.te sur la 

fisnu:e C.1_ -]omte crue les cluai," e'c les navires sera.le",';':: p8ur la ph::s grande 

. pa.rtie jnvisibles de la terre ferrre. Pour ne pas altérer l'apparence de 1.' île f 

il suffira de planifier l'exco.vation du roc , soit ]xmr crC>er l'espace nécessaire 

ou pO_lr cbtenir du matériel (;e re.;Qlissage r de façon à ne pas dépasser la crête 

t-::n pJXiO~;dant è ... e cett.e façon, on ne verra pas de la te:tTe fe:nre 

d 1e;1taille dans le profil oblong de Gra...'1de-Ile e·t on pourra dire (l2S installa­

tJons p~rtuaires Crl'E~11es s' irltèsrrent parfaitcrrent au paysage paisible de la 

région de Kamouraska. 



Secti.on ro, B rnonta11.t les proportions qui existe!"',t ent:::-e un ~X;!:ro1ier de 380,000 D.Vil.'1'., 
le (ruai prévu sur le schf5..rna No l de AQ~S et Grande-Ile. 
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3 PHO::::EDURE DE ST.JRVEIL.IANCE ET 

DE CONTROLE DES FUITES DtHurr:S 

, , , 
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C~()rrr"~?~'-)TE DES IilJr.'E;S D ~ BUI~LE 
~-.-'--""'"-"-.,~----.-._-_. --_ ... _--~---~"""'-_. 

3,1 

Lél strrveillai1(),,:: '. dai1,;,:; le r:;s?.8 du. tXél-fic pét:j:olier irnpJicI!.l.§ par lm 

par télédétection. les 

te l::.1niçu;'.':,; actuelles p2Y1T2t:t.ent: en effet. ':!e r(~pérer la trace dl un 

rla\t-J .c~:;. l gpTl d'huile. 

la 112r.1Jre, lI6t:end'.18 et le volUll'e total d lrlUile impliqué. De ces 

iof'):.m::<icns, la SU.rfaŒê! œ la napp-;; est celle guion obtient le 

[X::!s 8, ;?"SrieJl':es sont. ("!':)nti--

Œ.k'l ':::'ent en cours p::>u.r en arriver à dét.erminer les autres sans 

reo)i,;rir à l'éc..l1antillormaçre e't les rœsures au sol. 
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.<. 

Il 

La (;'i1J~d2 côtière a:rœr.ic::line a rœ.né des e},l~rü:mœs afin d'évaluer 

Ori C()rrpara plu-. 

s.i:;:;\.U's fréqùE'll02S spécifiqt1€:s de bleu et c1 'ul.traviolet, associées 

à. la fl1.;;.oresc-?nce dt:~ l'huile. 

L 'intens~ té solaire, la cUBtribution spect:'.LalE':.. la p:üarisation 

et l'angle ct! incL.:1en::'e influence..'1·t la neSl..J.re de rayonneme ... nt effec-

t.tlée par tm. Sp3c~t:-ro-radionèt:re. Les figures suivantes illustrent 

les car:·actérist. iques de la lünlière solaire. La figul~ 22 repré-
, 

sente la gtlé:ntité de 11...'Tll.lère directe et diffuse touchant une sur-
'1:··" 

;f 

'. " fa02 :h.o:rizont.ale;" mont.rill1t CJl!t3 la cor~sarlte di.ffllse augrren"te 

avec les nuages. Il :ressort qu 1 un rœillew: constra..ste est obtenu 

;;:,ar t81lPS couvert à cause c...e l'augrœntation de la conp0sante dif-· 

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

Le soleil v,enant de différentes directions aura c1cnc différentes 

lair:e dépend de l'a."gle d'inciêenœ et c.:::,s CX)I'ditinns au ciel. 
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'Ra.yonn2.1'Tsnt tot.al (cCinposc:mtes 

directe e-t diff'Jse) 

CCIfç':Jsarrte cliffuse 

... ciel clair 
•.. cirrus 

" .. al toc'UiTIU.lus 
"".stratus 

AngL~ solaire (p/r au Zenith) 

FIGUHE 22: R'\YOtrr-fi1'lE:L:J'I' SOLAUlli AU iUVLAU DU SOL 

r 

t 
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UYD.(j't:eur à' onde, mu 

FIGuRE 23: DIS'l'RŒVrIŒJ S:?EGrR7UE DU RAYO)lNEJYJEN'r DIFFUS SOUS 

DIFFEFE~J"TS .ANGJ:ES 

f.'. i 

" 
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90 -1'0 50 30 10 10 30 50 70 90 

L"IDgle solaire (p/r au t:Jadir) 1 àeg. 

FIGURE 24: DEGHt! DE POL';PJSATICN E,.;.'\i .FŒJGrIŒ'J DE LA POSITIÜJ."\J 

DU SQI:CIL. 

t 
__ (f_: 
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Les c'Oncll1s1.ons d:~;s e:;':,periences ont é tê ; 

LB c'Ont.ca .. ste Ei:1Xl1Cil.cHl cnt.L":~ l 1 huile et: l'cau s 'c:bt:Lent 

L 'lTu .. l.le è)plJéU'"ai"t presque toujcn.ICG plus brillante <;[1...'8 l'eau. i· 

Les huiles légèD.~s sont plus bril12Jltes que les huiles 

lou:n.~.es . 

Cr: n' a. r2JrG..l\i~i aucur.e bande cl. 1 abSOrpt.iŒl pe:nrettant ae 

d.:Lstinguer une huile d 'tme autre. 

le plvsirr!fXJrt&ît faC+-...eur influetlÇ&'1t les résultats oon--

02rne les conditions du ciel. On obtient un rœil1eur 

contraste par terilpS amveIt. 

LI effet d-':.! l'état de la ner ne néœssi te aucune reC'l1erche 

supplétte..ntaire • 

I.es gradients de densité da'1S l 'huile sont détectables 

gualitat.iv2ment, mais d(~s recherdl.es sl';'Pl::~rre.nta.iJ::Bs sont 

nécessaires à l'obtention de résuJ..tats quantitatifs. 

La polarisation est une tedmigue prOlTBtteuse. 

troradiCl!n'3tn-;\s F'xwant soit balayer rapiL~3Iœ..t'1t, soit en-

registrer plusieurs longueurs d'onde simultané:..rrent. 

1 

1 
1 
1 
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l\~~T?\.LY·E; G .0':Ulff IbPEc:-r R~LE 
---~"-.-_------_ .. _-_. __ ._-

L'huile flot.tant: sur la !rDT irrpJ::Bsé:;ic)Lt:G'3 Tr-::Ü le5 é.t.l1\..1lsions pan-

soleil 2.cœ...l1tœù'iC }Je;. réflexion de l'htûle. Et la 

réflexion d\:!C à 1 'huile est éli.ffic:i..le à èliGting'ller d'un éclat 

de soleil sur' 1: Ga.\.: net-1;.('), Les coura'l,t..s en s1J-rfaœ ëc les cou-

T3IltS c:Pcir loGcLL~sés doralent 1J1'..8 surface striée, alternatiV3-

In";:,:nt ca1Jre e-:::' ti-gitC>e, tout CanlT'è le font les nz;:pf";-:s d'huile 

.,' t' OJ.3con Ulues. La p.~oto couleur est aussi inefficace. le con-

t:r~.st:e Gntre les couleu...."'"S d 'huile et dl eau est encm:e très bas. 

Sauf fOur les zones où c1'3s roura'lts visqueux et. épais d'huile 

Dpparaisse.rrt gris foncé, les eaux polluées par 1 thuile sont gris 

V(~:ct:. i œ qlJB 11 (;eil acœpt.e facilcn'ent OOTriŒJ une teinte r:oL-r.ale 

:pO!.IT la su:r:faœ œ la rrer. Par conséqt18nt, il est SOlTiiBnt im-

l:-"Ossible de clire si une };hotograrfù.e aérien.'l.e nnntre tme surface 

corrplète.rrent cou~verte ou o:::nq;ùète:rœnt déc:ouverte d'huile. 

Par contre, l'image de l teau propre œl"..5 l' infra...YDuge est tmi-

f(JX.1-:-(~ et les prcbl2:rœs dB oontrast:e entre l'objet recherché et 

le fond TI'existent pas a.aI'.8 ces lODgt.'.eur8 d'onde. 

A l'UnÎ'.è?rsité du Miclliga..'1, on a reC"L:eil1i des images de fuites 

prm.iCXl'-lêes f dans les parties ul·travioletb.~s 1 visibles et infra-



74 • 

:rougss du sp'3ctre électrcrr.e.g.néticjD:2. les ilr.ages multispectra-

la .. (}étectio11 de la p011u'tioTl pcu~ .1 'flLtil.:'J ') 

ft: diées. a jeté qut~lqœ lumière sur la question c"'~ la relation 

entre les régions èz détBcticn ·thz1.11'al,2. etuJ:t:raviolette. De 

plus 1 c1E,S résul.ta."ts d 1 e}::.?~rie:.t1œs e..n laboratoire su.r la fluores'-

(Brice de plu3.iel1rs bJiJes indiqœnt une fOssibilité ct 1 identifi--

cation des tyf"2S d 'huile en utilisant leur fltI()rt~~:-)o:;r.1.ce carac.'-

téristiqr!e telle qu'indiquée à la figu:!:."<:~ 25. 

ru 
;> 

+! m 
ri s 

sf€ctre dl excitation (huile !ldi esel ") 

;;yectre de réponse (huile "diesel ") 

.0 

(:) ('0 
~ l.'l 

C 
§ a 
-'j \0\ 

"h1 
j:j 

.5 sJecr-re d'excitation 

(pétrole) 

..jJ .jJ 

'g ru 
," r.t::j 

longueur d' Onc~8! nIT,. 
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Sur Thî€;; ép:r:\:c;1Jve noir et blanc d' il'i'ê(J8 ultraviolette (0.32 à 0.38 mn) 

au [(oins une partie de ch2.cun (1t~s tyyJ.2S d 'h'Lüle utilisés dans l'ex-

p2rienŒ~ apparaît plus brillant-,c qL~=>' :~! eau et. trois 6es hU.Ues 

81_ des régions plu .. s scœJ::n.'(':s que l'eau. Ct:'! cha!l0-2:aèent œ contras-

te par ra.p[X)rt à l'eau est dû aux variations d' épaisseur dans 

la ;, 3.ppe • C 'es·t aussi une fonction du t.'llJ8 d' huile C(XCrrB l! indi-

que la figure 26. 

A. Il tllcle des imtces di::; réfraction et des c..'Oeffic.i.ents de disper-

sion et: d' abso:rpt:ion nesurés 8..11 laboratoire 1 on a utilisé 11.'1 rro-

dèle matl1énntiqu.e de réflexion pour l'huile sur l'eau, pour pro-

dUÜt'ê des valeurs de rayonnerr8.i.ît de chac\.me des quatre huiles en 

fon.ction de l'épaisseur. Les résultats pour la r6gion u.v. (0.36 

0.38 r' .. :m) sont tra.œs en figl-1.re 26 avec les valeurs pour deux types 

cl 'eau. Les o:nditions mStéo:colcgiques étai(:'Ilt ajus·tées à celles 

dU '\/01 rs'el. On voit par le grap1ique que dans l 'L'V les nappes 

rm.nc~!s devraient ê-tre plus brillantes que l'eau et que les napp='...-S 

étant fonction des tyr.es d'huile et d'eau en présenO:J. On peut 

expliquer œ change..'Tent de réfle.-Xion avec l'épaisseur d' LLl1e OOU·-

une partie réfléchie à la surface de la ooUd18 d 'huile et tille par-

tie diffuse prOVerl&î.t de la réflexiü'1. à l'int.erL3.œ huile/eau en 
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La lurrlièn:~ réf18chi.8 par l'huLl.I,: est. es:::entiellerŒ:~nt 

-- ---"- --_ .. _---- -
, 
i 

"~~-~~s-=-~~~~::::::~~-:===~----~-=-:=-:--=-.::--~:;:~":-<~-J . 
. j .,,,.......... ~e~1U C()'t.::eY'c:: (;~z.lJ_re 

!.~ "-" 1 

1 ."" 1 ~ __ . __ .__ _ ____ . ___ ~\, __ .-·"'.0-su.èg.~Q--.qale 
1 \~:"\; 

" ~., i >.'. ". ' "->,-~~ ..... ---_ .. 1 

--~~-=1 
__ . _________ L _________ . ____ 1.. __ . _________ . _______ J 

10 100 10CO 

h)Jj~le êiesel 1:[0. 2 

~_1(~ clies(ù 9 "1 l~?I .. 1 

p!~t:role 21. 6 1-121 

pétrole 26.1 A~I 
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Dans la J:!'.'\rion ther:rr:ale du specr.re électronngnétiqùe 1 en obtient 

légères 1 'Uil n 1 a:ppa.I'aiss,;:.:nt; pas du tout.; dans 1e t~e:anique. 

[p- plus 1 ].E:S rêr.;Lons ck~ b.r.il1am:Y~ int.errnécli.ai:~"X:~s dans l'Uv appa-

(i.e. plus foncées) qv-e l'ea'.1 p alors ql1~ 

les r€'gi~)~l,,; pll.:":; foncses gl18 l'eau d3IlS l'UV apparaissent plus 

diesel sE::1~;J1e plus froid:::, qœ l'eau alors <"]118 les zones foncées 

ou intetmC~liai:ces étans l'UV sE:.Tblent un peu plus dl.audes (bien 

qu'elles soient plus froides) que l'eau. On doit en conclure que 

les variations d'épaLss-eur. (telles qu'observées dans l'LN.) ont 

q:u.elqu 1 effet sur la racli.aL1.Œ1 émise 1 quoiqu 1 actuellerœnt on puisse 

seuleJ:'2nt faire des hypothèses sur la raison de œt effet> Il 

est possible qu 1 a:v-ec l'êpaississe:m:mt de la coudle d'huile 1 l'é-

Vë',poration desv"Olatiles augnB.'1te 1 refroidissant la nappe. Ce-

SO,Lœr une quantité d'ér.ergie significativ-c, l'effet de refroi-

disscrcent est. contreciliré et on obt.i.ent une nappe chaude. L'hui-

le 

teint. jarrais une spaisseur siffisant..e pour absorber une quantité 

considérable cI' f~nergie solain~ i elle n' apparatt donc: janais plus 
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chaude quc: 1 'catI.. (1::1.n::; ce c~lS y les .[X)rtions les 

. 
j .... J,t:.; 'Lt :Cc>rld (1 i E!ëi;_l ~ 

.filnl par. Spab2ü 

Ille .. 1 Si:.iI1La BarbaTa f Cali,~ornie 1 penne t une telle 

SUL' J 1 écran Datacolor 1 les zones de 

nee~:) d 'nuilc ci 1 épaissem:-s variées conprls2s en"ye oç~s valeurs 

en cCiJ.lem~. Un convertisseur analcxJi-
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;JJ,'l\iUC~ v<:l.leur individuelle, en ret-otu:, est: fournie 

ten3ions 1 'écran 

On obtient 

On p2ut l'aire: 

La IC:t~r:C (~)U.l.:,:u.C appa:r:èStra dans 

!,èl c()l()rëltion. 

l' lrrc:rlt la ~0tlt.l~adte O'OJ' .",-./ ' 1"_.1,.. .. 

Cette mi.se en valeur p::::net de ré:;?érer 

tOL;te:o LI21C[.:e! tra.in{i:; ou :?31licule d'huile f::>.:ôse.n-uèmt Lme diffé--

Corrre l'eau é1'l2t 

d 'jlui.le ~::O:F"-~jl_t:. ur)!';:, diffé.i.'\2nc'e de t.einte sur ce fond urüronre 

r~:~'.·'ent êt:::'Cé! au.ta.l:Btiquerrcnt arrpJifiés et id(~ntifiés par œ pro'" 

Cc 

planitrètr.,~ Cl Al;;C~ la s urfac':i2 ,Jes Fürtions cl 1 une 
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f::ourcentage de la surface totale de l! i.1'1'a,;e . Un sélecteur pemet à 

l' q-érateur du systèrre de rresurer rapid2ITent. cr,acu!l.e des 10 couleurs 

de base ou une corribi,'1aison guelcx)nql E! cIe C'~s coule\..iTs. Um \:ûlrrètre 

digital indique qtx~l p:-)1 ... :xœntage c1:~ l' imag3 est de la couleur c.noisie. 

La sur: tace indiquée représente la fract.ion de l' irna.ge dont la densité 

est comprise entre les valeurs de deux contom::s: iscrlensirrétrique, 

encadrant la. couleur sélec-c.ionrée. 

Tenal1"~: COITpte de la distorsion linéaire dans le balayag0 infrarouge, 

on p3ut calculer la surfac..""e totale de l' iffi:3.ge. En la multipliant par 

le pourO"'-11tage considéré cat1ITe p:>llué, on obtient la surface de la 

L9 volUfl"'.è de la fuite, pour sa part, est fonction de l'estimation de 
. 

l ! ép.=:dssem:- appliquée à la rresure de la surrace concernée. Ici on 

doi t tenir canpte de l'évaporation ainsi gue du rait gue le polluant 

a:perçu n'est pas du pétrole mais une é..'11Ulsion de pétrole et d'eau de 

rrer dont la concentration n' est pas nécessaire.rrent uniforrre. Mais 

quelle que soit la méthode pour est.urer l'épaisseur, la rœsure de la 

surfar::e esi: requise rour estirrer le voh:rœ. 

des vols réguliers avec enregistrement d'inBges multi-

spectJ:ales; 



81 . 

la wise en v:d .. eur de œs iITilge;,; \.. "\T.' coloratir . ::}ensi te-.. 

UT',ê lecture au planimètre digii:a.:i. ds tentes des su:::-fao3s 

de teintes c.1.oisies. 

surface de la nappe. Les images enregistrées dans l' W et le ther-

mal pr2uvent donner l'épaisseur de. la nappe. Quant à la nature de 

œtte nappe, il semble que le sr;ectre de fluoresce."'1ce peut nous la 

révéler. CeppJldant 1 œ·tte métl:Kxle est limi t~ée au tc-'!lnps clair et par 

U) la.l::xJratoire de recherches navales de la garde côtière él11'éricaine, 

utilisalît les avions EC-121 équipées du système de radar à quatre fré-

... que..'1œs doublerrent polarisées r..1RI., a participé à des tests sur les 

fuites d'huile. 

I.e systèrre 4 FR est constitué de 4 x'adars cohérents aux impulsions 

différentes transrrettant daT1s la bande P/UHF (428 MHz), la bande L 

(1228 l'1Hz), la bande C (4455 ~1Hz) et la bande X (8910 MHz) avec 

une puissance de pointe d'environ 25 Kw. Chaque transrretteur est con-

çu pour opérer avec 2 antennes, l f une polarisée horizontalE'nent, l'au-

tre vertica.le:rœnt, soit séparérœnt, soit sur impulsions en succession 

( 
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de pola-

rL:;i:~tion il1ff6rcn't:es. 

la 

I.a. don-· 

strc d' 1.1.(' cathodi-

que 1 pour d,:'2 tions optiquc~s s1ib::;C'q'.l811tes P:::·Œ 1('2Cf_~;..!1]._es on :(e-

1;:}s eX1:<2riences efft?:ctuG;:;s avec le radar 

fn fX>lêLCisationverticaî.:; 

d 'llUilf! sur l'imD.ge sy71thétique est représenbS,,' pdr une succaC:-è! llcd.re 1 

non :réflêc:hissant.e. Ceci :p.-;ut être a-Uribt;.a,'l:)l(? a.u fai.t q'Je dans les 

StP::'f;:~r:;es bli lÉ:1:;s, les vagttèlettBs requises lX)t!.r la dispersion arrière 

La polarisation hOrJ2antalr.? (LE-Ii et les c'X)Hposar1.-

, , 
.f 

! 
1 
!: 

li 
li 
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rx:)lar:'isée horizorrta-
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1 
tCdlTIi t, ou four! III a 1 d,::~; rCk~th(YJe:c; ;C; inplcs, repro--

1 
i 

la su:cface aff2ct['f:: 

1 
l o:--=onccnt.:cation de: rolluact dans l' ai:re af--
• • 
& 

~ 
1 
1 
i 
$ La t~L'mt p:cén:;c~lübC au o:::rntrôle, au nettoya}e, allX sanctions, , 
~ 

l 
iti tout Ct:: gel' irrplicYCië le' Irot :fui te: 1 aUC'LITle FéthcÀ'ie ne doit être 
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4 Implantation d'un réseau d'acquisition 

des données de qualité 



4 IMPLANTATION D'UN RESEAU D'ACQUISITION DES DONNEES DE QUALITE (Pollution 

par le super-port) 

4.1 PROBLEMATIQUE 

86 . 

Dans l'optique où l'on désire évaluer l'impact, sur les eaux du fleuve Saint­

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

per-port, nous avons considéré l'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 à partir du moment où débuteront les activités por­

tuaires. 

Les connaissances actuelles de la région susceptible d'être influencée étant 

limitées, on ne peut établir a priori un réseau d'acquisition de données qui 

permettrait à coup sur d'atteindre l'objectif fixé. Pour décrire le réseau 

définitif, il faudra donc augmenter les connaissances spécialement dans le do­

maine des courants, des phénomènes de mélange eaux salées-eaux douces, de la 

sédimentologie, de la chimie de ces eaux et, en général, de l'écologie de cette 

région. 

Ces considérations nous amènent à recommander l'installation du réseau d'acqui­

sition de données de la qualité en deux étapes. La première de ces étapes au­

ra pour objectif d'établir la qualité physique, chimique et biologique du mi­

lieu. La seconde consistera à rationaliser le réseau à partir des données et 

de l'expérience acquises. On pourra alors orienter le réseau, avec beaucoup 

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

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

également appel à une interprétation des résultats par rapport à l'impact pos­

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

des modes d'exploitation particuliers du port pour diminuer l'impact éventuel. 
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La seconde étape permettra de confirmer les prédictions de la première et 

rendra nécessaire une interprétation approfondie des résultats de façon à 
initier le plus rapidement possible des mesures correctives pour minimiser 

les dommages à l'environnement naturel. 

L'installation d'un réseau d'acquisition de données de qualité ne corres­

pond donc pas uniquement à la localisation de station d'échantillonnage, au 

prélèvement et à l'analyse d'un certain nombre d'échantillons. Il faut pré­

voir l'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 l'environnement. 

Il est à noter, que ce réseau ne dédouble pas et, en conséquence, ne peut se 

substituer à l'observation aérienne du fleuve. Même avec toute l'efficacité 

technique que l'on pourrait lui donner, ce réseau ne pourrait pas permettre 

de suivre de près l'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 évaluer l'impact à long 

terme. 

4.2 DESCRIPTION DU RESEAU 

4.2.1 Première étape (2 ans minimum) 

En première étape nous recommandons qu'un réseau intérimaire d'acquisi­

tion des données soit installé au plus tôt dans l'estuaire du fleuve 

Saint-Laurent de Rivière-du-Loup à 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 

torme de grille, dans le premier secteur. Ce nombre n'est cité que pour 

donner un ordre de grandeur, il pourra être précisé par l'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 l'estuaire. 

Un nombre équivalent de stations seront localisées de façon homogène 

dans le fleuve et l'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. 

Parallèlement à ces travaux une étude hydrodynamique devra être entrepri­

se. Puisque la marée, la faible profondeur et les vents variables ren­

dent très aléatoires les courants dans cette région, nous suggérons que 

l'on se limite à l'étude des tendances générales. Ce travail peut se 

faire en libérant 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 premiè~ 

re étape l'on réunissent les compétances qui travaillent déjà sur les 

différentes espèces 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 étape 

Après deux ans on procédera à la rationalisation et à la coordination des 

efforts des différents études sectorielles en: 

hydrologie, 

chimie des eaux naturelles, 

biologie. 

Son objectif sera de définir une méthode propre à monitoriser l'impact 

des opérations portuaires sur la qualité du milieu, et d'identifier les 
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éléments de solution propres à minimiser cet impact. Ce travail fait 

appel évidemment à l'interprétation des données acquises, et aussi à 
la participation de spécialistes de formation très diverses pour iden­

tifier les solutions aux problèmes 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 à long terme. 

4.3 DESCRIPTION DE L'ECHANTILLONNAGE D'lIN SITE 

Cette procédure d'échantillonnage concerne l'eau, les sédiments en suspension 

et le fond. En ce qui a trait aux paramètres biologiques, comme nous le sug­

gérions plus haut, on devra consulter les experts ayant de l'expérience dans 

ce milieu avant de pouvoir décrire les inventaires appropriés. Elle ne vaut 

évidemment que pour la première étape, et elle pourra être modifiée tel que 

mentionné plus haut. 

A chacun des prélèvements sur un site donné, on procédera d'abord à l'établis­

sement d'un profil vertical de la conductivité, de la température et de la tur­

bidité. On prélèvera par la suite des échantillons d'eau en surface (0 à 1 cm), 

au maximum de conductivité, au minimum de conductivité et au fond. Parallèle­

ment, 19 de sédiments sera prélevé aux mêmes profondeurs à l'aide d'une pompe 

couplée à une centrifugeuse. 

Les analyses chimiques suivantes seront réalisées en laboratoire sur les sé­

diments et sur l'eau filtrée (0.45 ~): 

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'être influencés par les 

opérations portuaires. Si on se limite aux objectifs poursuivis il n'y a pas 
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lieu, en première étape, de pousser plus loin les analyses. Toutefois, les 

coûts associés à l'opération de ce réseau étant principalement dévolu à l'é­

chantillonnage lui-même, il serait logique de pousser les analyses plus loin. 

Aussi, il serait bienvenue, dans le cadre de ce réseau, de mettre à la dispo­

sition des chercheurs de d'autres laboratoires les échantillons qu'ils pour­

raient désirer. Le rendement du réseau ne pourrait qu'en être amélioré et 

cela pourrait permettre de gagner rapidement des connaissances sur la chimie 

des eaux de l'estuaire. 



5 Méthode d'évaluation de l'impact des opérations 

portuaires nominales sur la qualité des eaux du 

fleuve 
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La planification rationnelle de la surveillance des opérations portuaires, 

animée par le souci de préserver la qualité de l'environnement aquatique, 

ou de la restaurer avant que se manifeste un état critique dans un ou plu­

sieurs des écosystèmes associés, débouche sur la mise en opération d'un ré­

seau d'acquisition de données physiques, physico-chimiques, biologiques et 

sociales. 

Les paramètres pouvant servir à décrire le comportement du système 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 l'air, turbulence, ensoleillement) le 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). 

5.1 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 l'ensemble de leur 

parcours pendant la construction du port et de ses dépendances. 

Evaluation continuelle de la qualité de ces eaux après l'amorce des opé­

rations portuaires. 
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Evaluation de l'impact sur les écosystèmes aquatiques. 

Identification rapide des états critiques et développement de méthodes 

d'intervention adéquates en vue de restaurer la qualité de l'environne­

ment. 

On ne saurait trop insister sur l'importance du choix des stations permanentes 

et de leur intégration à des modèles pouvant décrire le comportement des mas­

ses d'eau et des huiles qui y sont associées; or, dans l'état actuel des con­

naissances sur les différents secteurs nécessaire à l'établissement du choix, 

toute procédure y étant rattaché serait démunie de sens et conduirait à des 

interprétations erronnées des processus d'impact des huiles brutes sur l'en­

vironnement aquatique. 

En conséquence nous croyons qu'il serait nécessaire de procéder à une implan­

tation progressive du réseau. 

5.1.1 Simulation des pertes dans les opérations portùaires 

A l'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 façon à simuler, par différentes condi­

tions météorologiques et en différentes saisons, un écoulement massif 

d'huile, et de façon à simuler des pertes continues. Deux années d'opéra­

tion devraient normalement être envisagées avant de s'arrêter sur un choix 

définitif des stations fixes. 

5.1. 2 Description de l'environnement susceptibles d'être affectées par les 

opérations portuaires 

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

ces piscicoles d'intérêt commercial de l'estuaire devraient être entrepris 
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simultanément à la simulation des pertes associées aux opérations por­

tuaires; l'interprétation des résultats obtenus de la simulation per­

mettra de détailler, dans les régions critiques, l'inventaire déjà 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 l'analyse de l'utilisation du territoire 

régional fournira des renseignements nécessaire à l'établissement de zo­

ne prioritaires où une surveillance plus intense se traduira par une aug­

mentation de la densité des stations fixes et/ou de la fréquence de l'é­

chantillonnage. 

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 à l'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 l'eau, des sédiments en suspensions, et des sédbments 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 à évaluer l'impact de la construction 

du port et des opérations portuaires dans les eaux avoisinantes. 

5.1.4 Choix des stations fixes 

Intégrant les connaissances développées dans la première 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 l'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 mintmum avant le début des opé­

rations portuaires. 
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Echantillonnage complémentaires 

Les stations d'échantillonnage complémentaires viendront, en période 

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

lances probables dues à la faillibilité de la courte série historique 

qui aura servi à l'établir; de plus, elle pourront se transfonner en 

stations pennanentes en cas de crise. Au fur et à mesure que les con­

naissances du comportement des huiles dans le fleuve, dans l'estuaire 

et même dans le golfe s'amélioreront un échantillonnage complémentaire 

adaptable à la situation réelle pennettra d'augmenter l'efficacité de 

la surveillance du réseau pennanent. 

L'amorce d'un échantillonnage complémentaire et la description de sa 

méthodologie ne peuvent être anticipées; elle sera adaptable à la si­

tuation qui surviendra et qui pourra être identifié par l'intégration 

de l'information obtenue de la surveillance aérienne (Photo aérienne 

multispectrale), de la surveillance du réseau pennanent, de la surveil­

lance de la qualité des produits comestibles en provenance de l'estuai­

re ou du golfe et de la surveillance des plages. L'initiative du déclen­

chement des opérations de surveillance complémentaire doit être considé­

rée comme fondamentale et confiée à un scientifique responsable; il dé­

cidera à partir de l'expérience acquise des procédures d'échantillonnage 

et d'analyse et verra à 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'implantation du réseau 

d'acquisition de données de qualité. 

5.2 MODE D'ECHANTILLONNAGE 

La méthodologie de l'échantillonnage (fréquence et paramètre à mesurer) doit 

servir les objectifs identifiés dans la section précédente; en particulier, 

elle doit pennettre d'évaluer la qualité générale du milieu sans être handica­

pée par une série de relevés de paramètres physiques, physico chimiques et 

biologiques difficile à interpréter. Cet restriction rend difficile l'identi­

fication de paramètres qui renseignent simultanément sur la qualité générale 
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Figure 27: Schéma décrivant la méthodologie de 1 limplantation du réseau 
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du milieu aquatique et sur les conditions physiques, physico-chimiques et 

. biologiques qui prévaudront dans les zones détériorées où il faudra inter­

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

Le choix des paramètres est donc conditionné par le besoin d'information sur 

l'état du milieu et sur l'optimisation du processus d'intervention en vue de 

restaurer le milieu. Les paramètres physiques tel que la température, la con­

ductivité, le pH, les solides en suspension, les paramètres physico-chimiques 

tel que les ions majeurs (Na, K, Mg, Ca, Cl, 804) les substances traces (le 

vanadium, le nickel et le soufre), la concentration en huile, en composé aro­

matiques ou en phénol ainsi que les paramètres 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 (à l'interface de 2 zones distinctes où, le gra­

dient thermique est maximum ou le gradient de conductivité est maximum) et 

en profondeur maximale (à l'interface eau-fond), les paramètres suivants: 

paramètres physiques: 

vitesse et direction du courant; 

température; 

pH; 

conductivité; 

les solides en suspensions; 

paramètres physico-chimiques: 

Na, K,; 

Ca, Mg,; 

Cl, S04' 
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V, 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 pêches commer­

ciales ou des pêches sportives soient analysées afin d'évaluer leur teneur en 

hydrocarbone et en phénol; une autopsie devrait être pratiquée sur tous les 

oiseaux aquatiques trouvés morts ou mourants lors de l'inspection des berges 

afin d'identifier la cause de la mort. 


