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FOREWORD 

This report represents a compilation of the material 
presented during a one—day workshop on James Bay Oceanography 
held at C.C.I.W., Burlington, on June 26, 1974. Most 
speakers have provided a brief summary of about five pages, 
which have been retyped for consistency of presentation. 
No attempt has been made to have the submissions refereed. 
Since this publication contains only summaries of the papers, 
it is expected that the final work will be published in the 
scientific journals.
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INTRODUCTION 

by 

N.G. Freeman 

Objectives: 

The main objective of the Workshop is to bring together scientists, 
working since 1971 on the physical, biological, geological and chemical 
oceanography of James Bay, to present their data, analyses and inter— 
pretations as completed to date. It is hoped that during the Workshop, 
not only the present projects will be delineated, but that future programs 
and other areas requiring further study will be brought Out. 

Throughout the presentations, it is anticipated that the dis— 
cussion periods will expand the specific topics of the individual talks, 
such that more general questions can be evolved and scientific programs 
illuminated. Dr. Godin, as the Marine Sciences representative on the 
James Bay Cross Mission Project, has already done much to delineate a 

number of the specific questions that we must address ourselves in the 

planning of long-term goals; for example: 

1. In what way does the freshwater mix with the more 
saline water of the Bay and what changes will 
occur in the mixing process after the completion 
of the Hydro works? 

2. How does the ice cover affect the mixing process 
and what are the differences between summer and 
winter conditions? 

3. Will the heat content of the Bay be significantly 
increased and will the ice growth be enhanced or 
diminished? 

4. How much does the dissolved and suspended nutrients 
from the rivers contribute to the growth and 
maintenance of life in the Bay and will the local
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marine fauna be affected by change in the regime 
and by how much? 

5. What is the actual biological content of the 
estuaries and near—shore zones, what is their 
productivity and their sensitivity to external 
factors? 

While this Workshop does not attempt to provide specific answers, 
nor to raise all the questions concerning the oceanic impact of the James 
Bay hydroelectric power project, nevertheless, it is a necessary first 
step to start a dialogue among the various agencies working on this 
problem.
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JAMES BAY 1972, 1973, AND 1974 SUMMER OCEANOGRAPHIC DATA 

by 

T. PULLEN 

This paper describes the oceanographic programs carried Out in 

James Bay during the summers of 1972 and 1973, and will also mention the 

proposals for 1974. The oceanographic program was initiated to monitor 

the oceanography of James Bay before changes are made to the watershed on 

the eastern side of the Bay. This will allow assessments to be made, and 

the changes observed, studied and related to a baseline of prior 

observations. 

In 1972 the main program consisted of sixteen oceanographic station 

positions over the northern half of the Bay. The five northern stations 

across the mouth of the Bay were chosen to recapture positions occupied 

by the Calanus in 1959 and twice by the Theta in 1961. The southern 

eleven stations were chosen to monitor the effect of La Grande Riviere on 

the Bay, the six in the rectangle being the most important. 

During the summer of 1972, each of these 16 stations was occupied 

at the beginning, the middle and the end of the field season. In 

addition to this, the rectangle of stations was occupied on a fortnightly 

basis. 

At all of these stations, bottle casts for salinity, temperature, 

and dissolved oxygen samples were taken. As well, a Bissett Berman S.T.D. 

was used to provide a profile. At each station, weather permitting, a 

vertical plankton tow was taken. For the geologists, a core was taken 

at each oceanic station occupied in October. Also, some of the bottom 

samples collected for the Hydrographic charting were retained and 

analysed at the Bedford Institute. 

Figure 1 shows the three sets of profiles for the southern line 

of seven stations across the Bay. From these profiles one can see the 

downward progression of the thermoline, and the freshwater effects of the
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river on the Bay as the season progresses. 

During the summer of 1973, the oceanographic program was very 
similar in design to that of the previous year, although not as 
extensive in scope. The same sixteen station positions were occupied, 
although only once at the beginning and once at the end of the season. 
The same parameters, salinity, temperature and dissolved oxygen were 
measured and as well a plankton tow was taken at each of the stations. 
These latter samples were forwarded to Fisheries Research Board at Ste. 

Anne de Bellevue. 

Figure 2 shows the position of the 25 bottom sample stations. 
Each of these samples was retained and analysed for type and percentage 
of composition by the Geolimnologists at the Centre. A mechanical B.T. 
cast was taken at the 16 oceanographic stations occupied in October, making 
a total of 41 bottom samples and B.T. casts. 

During 1973, some hydrodynamical observations were made in the 
estuary of La Grande Riviere. Figure 3 shows the position of the 
thirteen hour tidal cycle station occupied in the fall, at which salinity, 
temperature and speed were measured. Also marked on this map are the 

current stations occupied in the river. The equipment available was old 
and the results are limited to speed only, but it does give us a basis 
for planning future work. 

The physical oceanographic data for 1972 is archived at C.O.D.C., 
that for 1973 is undergoing final corrections to the tapes before 
archival. Other data such as geological or biological results are kept 
in our own files here in Burlington, along with the B.T. slides and 
hydrodynamical data. 

For the 1974 season the Narwhal will reoccupy the northern five 
stations in October. The program is limited as the ship will be in 
Chesterfield Inlet all summer, and no other large vessel will be avail— 
able. There is a good chance that the southern eleven stations will also 
be occupied as this will give us a more consistent record of the Bay.

n
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The extent of this project will depend on the ice and weather in October. 

Finally, a contract for Current meter survey in the La Grande estuary 
has been planned for September, 1974.
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ON THE PHYSICAL OCEANOGRAPHY 
OF JAMES BAY 

by 

M.I. El—Sabh 
and 

V.G. Koutitonsky 

Summary 

The objective of this study is to analyze and interpret the 
physical oceanographic data collected in James Bay field surveys in 
1972 and 1973, in order to extend the study of Barter (1972) and 

Murty on the effect of river inflow modification on the marine and 
estuarine circulation in James Bay. 

An attempt was made to determine the total freshwater input to 

James Bay. The total freshwater run-off from all rivers ar0und the 
3 m3/sec; 23% of which comes Bay has a mean annual value of 6.96 x 10 

from rivers along the western side of the Bay, while La Grande 
Riviére supplies approximately 28% of the total run—off input. It was 

found that the net total freshwater input varies from month to month, 

from a mean monthly minimum of 4.04 x 103 m3/sec in March to a maximum 
of 18.45 x 103 m3/sec in June. The mean annual total freshwater input 

3 m3/sec; about 39% of which is made up of to James Bay is 11.38 x 10 
net precipitation (precipitation minus evaporation). By applying a two— 

layer model to the Bay, a value of 10 months was estimated as the 
flushing time for James Bay. 

Using the network of 16 oceanographic stations, the isotherms, 

isohalines, isopycnals and isopleths of dissolved oxygen were drawn for 
each cruise at horizontal surfaces of 0, 10, 30 and 50 meters. Vertical 

distributions of these properties were also drawn at two latitudinal 
sections in the Bay. Comparison between the distribution of properties
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in 1972 and those in 1973 (Figures 1 and 2) indicates that considerable 
variations can occur from one year to thenext. Examination of the 
horizontal and vertical distribution of properties at each cruise and 
the corresponding surface circulation pattern and vertical distribution 
of currents at the same cruise reveals that such variations depend mainly 
on the exchange of waters between Hudson Bay and James Bay. The existence 
of a freshwater layer below ice in the vicinity of the La Grande Estuary, 
suggested by Barber (1972), was confirmed and the seasonal variations 
of the different water masses were examined. 

Using an average network of oceanographic stations, the geo— 
strophic surface circulation pattern in James Bay was calculated 
for the months of August and October. Because of the complex bottom topo— 
graphy of the Bay, a variable reference layer for converting the 
relative velocities into absolute velocities was obtained for each month 
using Defant's method (Figures 3 and 4). A fairly consistent feature 
observed in theoutflow from all rivers along the eastern side of James 
Bay is the existence of a strong narrow current in the surface layer 
flowing northward along the eastern side of the Bay. This current, 
which begins to develop near La Grande River area is subject to wide 
variations in strength with time. On some occasions, it moves 
northward with two branches; one continues to flow northward towards the 

east coast of Hudson Bay, while the other turns to the southwest and 
joins the inflow from Hudson Bay which takes place in the cvntral part 
of the main entrance. Along the western side of James Bay, a tendency 
for a weak inflow from Hudson Bay takes place; part of which continues 
to move southward, while the other is deflected to the east and north— 
east direction to flow back to Hudson Bay either on the western side or 
by joining and reinforcing the outflowing current along the eastern side 
of the Bay. In order to investigate to what degree the water circulation 
in James Bay is coupled to Hudson Bay, the vertical distributions of the 

water transport through the cross—section connecting the two Bays were 
calculated for every 10 m. interval for the months of August and October. 
It was found that the coupling between the two Bays varies with time. 
The seawater discharge from Hudson Bay to James Bay is in August four 
times and in October about 10 times the freshwater discharge.
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Wind and ice conditions and their seasonal variations in James 
Bay, together with the effect of the river modifications on the heat 
budget were also studied. The circulation pattern in James Bay and the 
transport sediments and possible changes in bottom topography in the 
La Grande Estuary are dealt with as well. Finally, recommendations are 
made for the planning of future studies in James Bay. 

References 

Barber, F.G., 1972 On the Oceanography of James Bay 
Canada Department of the Environment 
Manuscript Report Series No. 24 
pp. 1 — 96 ‘ 

El—Sabh & Koutitonsky,l974 
Physical Oceanographic Studies in James Bay 
(in preparation) 

Murty, T.S., 1972 Circulation in James Bay 
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pp. 143 - 193
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OCEANOGRAPHIC OBSERVATIONS IN THE ESTUARY OF 
LA GRANDE RIVIERE, JAMES BAY 

by 

V.G. Koutitonsky 
and 

M.I. El-Sabh 

M1 
The Hydroelectric Power Development now under construction on the 

eastern side of James Bay proposes to regulate the discharge of La Grande 
Riviére to a constant year round rate of 3970 m3/sec. Actually the fresh 
water discharge varies seasonally, reaching a maximum rate of 3960 m3/sec 
in June and a minimum rate of 460 m3/sec in March, with a yearly mean 
rate of 1900 m3/sec, see Figure (1). After completion of La Grande 
Complex, it is expected that an additional 3.2 x 1010 m3 of fresh water 
will pour into James Bay through La Grande Riviére discharge region; 
part of this fresh water will originate from Eastmain River which is the 
only river naturally flowing into James Bay that is to be deviated into 

La Grande Riviére. It is intended in this brief summary to describe 
the physical parameters studied in La Grande Riviére estuary before 
any modification to the discharge occurs in order to assess and predict 
the impact that such modifications will have on the physical oceanography 
of James Bay. 

La Grande Riviére estuary is of a coastal plain nature, as 

indicated by Figure (2) showing its bottom topography. Also on Figure 

(2), the extent to which fast ice covers the estuary from December to May 
is indicated; it spreads some 15 to 25 Km seaward of Fort George, and at 

the fast ice seaward limit an open lead is frequently observed during 
winter. In May mean air temperatures at Fort George increase above 0°C, 

see Figure (l), and ice starts to break in the river and the estuary. 

High run—off from upland melting quickly clears the estuary from ice 

by June and it remains ice free until November when new ice forms.
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From June to October, mean monthly discharges in La Grande 

Riviére exceed 2400 m3/sec, Figure (1). In August 1973, current 
measurements were performed in La Grande Riviére at three locations 
during different tidal phases. The current meter positions are shown on 
Figure (3). Although the current meters did not record directions, it 

was noticed that the current would always flow downstream regardless 
of the tidal phase. However, current magnitudes were tide dependent and 
ranged between 0.5 knots and 2 knots, see Figure (4). The average during 

the periods of observation was 1.2 knots. 

Salinity and temperature measurements were also performed in the 
river during September 1973. The location of the stations appear on 

Figure (3), and the reSults on Figure (5). It can be seen that the 

salinity at all stations remained below 20/00 with no definite vertical 
profile. Also, the temperature results showed no variation between 

stations, and with depth. It remained at 12.0\i 0.5°C. Although these 

results only apply to the months of August and September, they can be 

extrapolated to the whole period of June to October during which the 

mean monthly discharge rate remains above 2400 m3/sec. In other words, 

it seems that down to the river mouth, the water remains fresh, 
homogeneous in nature and it flows downstream; fresh water is thought to 

mix with salt water somewhere near the 5 m depth contour line during 
this period of the year. 

Tidal cycle observations performed in the estuary at station "X", 

see Figure (3) during ice free (Sept. '73) and ice covered (Mar. '74) 

periods gave some evidence about the type of mixing involved in the 

estuary, its spatial variation, and the difference between summer and 

winter mixing. In summer, a fresh water surface layer (< 5 0/oo 

salinity) about 1 m. thick reached station "X" just after the ebb tide, 

see Figure (6). At that moment the 20 0/oo isohaline was at 5 m. below 

water level, while the rest of the column remained around 21 0/00. 

During incoming tide, the fresh water layer was squeezed at the surface 

such that with tidal mixing and wind stress momentum transfer, surface 

waters reached a salinity of 19 0/00 three hours after Hw. Then, 

bottom salinity was 23 0/00. 'Magnitudes of surface currents (at l m
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depth) reached 2 knots at 1 hour before LW and decreased to 0.2 knots at 
1 hour before HW. 

In winter, mixing is much reduced by the presence of motionless 
fast ice at the surface. Without the wind stress applied at the water 
surface, and without the turbulent boundary layer under ice produced 
by ice drift, one can expect the low river discharge to extend as a 

fresh water layer under the ice, at least to the seaward limit of fast 
ice. In fact, from the tidal salinity and temperature observations 
performed in March 1974 at station "X", a very strong density gradient 
can be noticed just below the 2 m fresh water surface layer, see Figure 
(7); this seems to indicate that no eddy mixing occurs at the fresh—salt 
water interface. Some tidal mixing can be depicted below the fresh 
water layer, but its intensity is much reduced as compared to summer. 
The fresh water (S = 2 0/oo) thickness remained at 2 m. throughout the 
tidal cycle, indicating that its high stability is not affected by tides, 
that run—off alone does not produce mixing, and that the underside of 
fast ice in that region has a small roughness parameter. At the floe 
edge, it is expected that the freshwater layer will mix more readily 
with its underlying salt water (25 0/oo, — l.3°C) because of ice 
drift and because of wind stress (when an open lead exists). It is 
strongly suggested here that temperature and salinity vertical profiling 
should also be performed beyond the fast ice edge in winter. 

The proposed yearly constant discharge at La Grande Riviére mouth 
may lead to an earlier ice break-up in the estuary, a later fast—ice 
formation there, and a shortening of the melting period. Also, it was 
found that, from November to April, James Bay will gain heat as a result 
of the exchange processes with Hudson Bay due to the increase in fresh 
water input. The gained heat will either shorten the melting period 
over the whole Bay, or increase the evaporation which may produce a 

thicker snow cover on the eastern inlands (downwind areas). Moreover, 
a thicker fast—ice cover is expected from La Grande estuary towards 
Cape Jones where an increase in ice export can be anticipated. From May 
to July, the discharge modifications will reduce the freshwater input 
in James Bay; it was shown that James Bay heat storage will be increased.
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The result would be an increase in precipitation (from increased 
evaporation) in the downwind areas, and for an increase in the tendency 
towards homogeneity in the water column, actually observed by late summer 
in James Bay. Sediment transport, bed load and suspended load, will 

definitely increase in La Grande Riviére, leaving a 5 mm. gravel river 

bed after modifications, not to forget side erosion and a possible change 
in the actual La Grande Riviére estuary bottom topography. From July to 

October, no change in the fresh water input in James Bay is anticipated 
from the discharge modifications except the year round feature and results 
of the spatial relocation of Eastmain water fronlEastmain estuary to La 
Grande estuary, the effects of which should be carefully studied before 

the Hydro Electric Project is completed. 

Reference 
El—Sabh, M.I., and V.G. Koutitonsky. Physical Oceanographic Studies In 

James Bay 
I.N.R.S. — OCéanologie, Rapport No. l, 
I.N.R.S. — Océanologie, Rimouski, 1974. (in press)
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FIGURE 1: (a) La Grande Riviére mean monthly discharge rate. 
(b) Nban monthly air temperatures at Fort George.
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