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Several preliminary designs for the improvement of Saint John Harbour,
based on the observations obtained during the hydrographic survey in the summer
of 1958, are presented. These proposals should be considered as a basis for
discussions and detailed engineering and economic studies for improving and
developing the harbour. '
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SAINT JOHN HARBOUR SURVEY - PRELIMINARY REPORT

1.0 DESCRIPTION OF HARBOUR

The harbour of Saint John, New Brunswick, is located at the mouth of
the Saint John River about midway along the north shore of the Bay of Fundy. Just
above the harbour, the river is constricted by a rocky ledge which forms the well-
known " Reversing Falls". Above the falls, the river widens and deepens and,
together with the Kennebecasis River and Grand Lake, forms a tidal waterway
having an area of about 260 square miles, as far as Fredericton (Fig. 1).

The relationship between the water levels in the river and the sea permits
sea water to flow upstream when the tide is between one-half flood to one-half ebh.
The outward flow of the combined sea water and river water during the rest of the
cycle causes high currents in the harbour and its approaches. The tide in the Bay
of Fundy is of the anomalistic type, having a mean range at Saint John of about
20.9 ft. with 28 ft. maximum and 16 ft. minimum. o

The harbour, at a minimum depth of 28 ft., requires dredging among
the wharves of the west harbour, in Courtenay Bay, and in the approach channels,
as shown in Figure 3. The quantity of material dredged annually is between
500,000 and 600,000 cu. yd. which is removed in hopper barges and dumped off
Black and Mispek Points. Further deepening of the harbour under present condi-
tions is expensive owing to the rapid accretion. The port is therefore limited to’
its present depth and cannot attract ships with deeper drafts and lower transporta-
tion rates. Owing to the trend to construct larger ships, only a relatively small ! )
portion of the world fleet will be able to enter the harbour in the not too distant ‘<
future.

2.0 HYDROGRAPHIC SURVEY

The survey carried out by the National Research Council during the -
summer of 1958 was intended to determine the properties and movement of the
water masses due to the action of the tides and the discharge from the river. A
number of stations were established, as shown in Figures 4 and 5, and at each
station the following measurements were taken over a full tide cycle:

(a) Velocity of current from surface to bed
(b) Direction of current

. (c) Temperature of water
(d) Density of water

(e) Concentration of suspended sediment.
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Because of the dredging problem in Courtenay Bay, the survey points
were located clogsep together in this area, Owing to the lack of information on the
river, a tide gauge was installed at Indiantown, above the Reversing Falls, and
velocity measurements were made in the Saint John River and Kennebecasig
River (Fig. 6).

3.0 RESULTS

. Although the data obtained during the survey have not been analysed in
detail, a general picture of the action of the tides and river has been obtained,

: Measurements show that the velocity of the ebb current along the north .
shore of the Bay of Fundy is higher in a south-westerly direction than the opposite
flood current, This indicates the Probability of g counter-clockwige circulation
in the Bay of Fundy, caused by the Coriolis acceleration, :

During flood tide there is a relatively strong current into Saint John
Bay. Half of the water entering the Bay flows through the harbour into the Saint
dJohn River system. Owing to the very large area of this system an inward flow
of 150, 000 to 200,000 c.f, s, is required to raise its surface leve] 1.5 ft. per
tide. This large quantity of water carries sediment into Saint John Bay where

~

mately uniformly over the entire Bay and outer reaches of the harbour, The east
side of the inner harbour is kept Teasonably clear by the discharge from the river,

f the autumn and winter storms the entire area of the. Bay is )
violently agitated and the bed material placed in suspension, The flood tide : :
currents then carry the material into the harbour area,

According to a Courtenay Bay Survey, from December 1942 to June 1944,
72 percent of the silt ig deposited during the fall and winter storm period from
October to March, 22 percent during river freshet, and only 6 percent during the
summer months,

4.0 DISCUSSION OF RESULTS

Several important features of the movement of the water masses are
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immediatelj evide ata obtained during the

1958 survey.

nt from the preliminary Qmalysis of the d

One is that the evidence of a counter-clockwise circulation in the Bay ¢
Fundy may have an important bearing on the problems arising along its shores.
Consideration should be given to relocating the dumping grounds off Black and
Mispek Points, because it is probable that the dredged material is carried back
into the Bay by the tidal currents. )

The double quantity of salt water entering the harbour and Saint John

Bay is due to the very large tidal area in the Saint John River system. This
causes not only high currents in the harbour but brings sedimentary material int

the Bay. )

The fresh water discharged by the river carries with it colloidal
‘material which flocculates on mixing with salt water. This takes place over the
entire Bay but chiefly in the vicinity of the harbour. The sediment settles in
areas protected against currents of river and tide and against wave action, i.e.

Courtenay Bay, among the wharves, and at greater depths in Saint John Bay.

5.0 PROPOSED SOLUTIONS

1t is evident that a satisfactory solution of the problem can be found ¢
when major changes are made which affect basic conditions. The proposals off

for consideration therefore are designed

(a) to reduce the suspension load of the sea water entering the Bay of s&

John from the Bay of Fundy,
(b) to remove currents created by density difference,

culation in the harbour and bay areas which

(c) to avoid the colloidal floc
laden fresh water with sea water,

place by mixing colloidal-

(d) to protect the harbour area from waves which put material on the bo

of the Bay into suspension.

6.0 PROPOSAL I - DIVERTING SAINT JOHN RIVER

This proposal consists essentially of constructing a dam at the Rewt
tlet at South Bay to the Bay of Fund

Falls and diverting the river through an ou
(Fig. 7,8).

6.1 Effect on Harbour

Closing off the river would have the following effects on the harbou

bay:
(a) The currents on both' flood and e
half their present value since on
variation.

bb tides would be reduced to less t
ly the bay area would be subject to

e Y 2T
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(b)  Currents and turbulence would be reduced since there would be no
density difference, )

(c)  Colloidal fresh water would be exciuded from the harbour and bay.

The quantity of silt entering the harbour with the flood tide would be 4
reduced to a small amount since the intensity of the current and the volume of |
water passing into the harbour would be reduced to less than half. The kinetic . 3
energy would be one-quarter its present value. A further reduction would be due . I
to the absence of density difference. /

Diverting the river would thus divert the colloidal floceulation which
amounts to 15 to 20 percent of the silt deposit. )

These improvements would only partially solve the problem as long as
no breakwater protects the bay from sediment of a more sandy nature which would
still be carried into the bay by autumn and winter storms.

Figure 8 illustrates 2 proposed arrangement of breakwaters to protect
the bay from wave action, thus providing a safe anchorage in storms and reducing
the possibility of bringing bed material into Suspension. The area protected

would be approximately 3, 6 Square miles and would contain salt water only,

would be low since only the harbour. would be subject to tides. A marine dredging
" plant may be required to transfer littoral drift across the entrance of the harbour.

Behind the proposed breakwatei, harbour facilities could be developed
which would handie all sizes of ships. A model investigation would be suggested
to study the effect of the breakwater in detai], .

6.2 Effect on River System

Saint John River System, and in time the entire system would become fresh, thus
improving conditions for marine life. This could include a navigation lock to make
the entire Saint John River system available for navigation, thus opening a large
internal waterway for the transport of bulk cargoes. By raising the water level to
the nermal flood water level, the waterway would be suitable for deep draft ships
(25 to 27 ft. ) over a very long distance, Close to the City of Saint John, a harbour,
with no tidal effects, could be developed, ‘

6.3 River Diversion
== Uiversion
The distance between South Bay, a few miles upstream from the

Reversing Falls, and Manawagonish Cove at the Bay of Fundy is approximately
10,000 ft, A ridge 150 ft, high and 1000 ft, wide lies between the low marshland

—— L. . : T e -
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of Manawagonish Creek to the south and a valley leading to South Bay in the north.
A cut through this ridge and small excavations in the valley and marshland would
open, for the river water, ‘a short and straight outlet to the sea. At the coast,
Manawagonish Cove, is an excellent natural estuary opening straight into the Bay
of Fundy. River water would mix intensively with sea water and the colloidal
fallout would be swept away from the harbour area because of the dominant anti-
clockwise current in the Bay of Fundy. .

6.4 Channel Properties

A trapezoidal channel, 300 ft. wide at the bottom with shoulders sloped
11, is proposed. Two layouts are shown in Figure 7; the one to be chosen depends
on geology, amount of excavation, etc. The easterly route requires 6 to 7 million
cu, yd. of excavation. The material is probably alluvial as gravel pits in the
surrounding area would indicate. ) )

The velocity in a channel lined with gravel should not exceed 5 ft. /sec.
The maximum discharge of the channel at 34-it. depth is therefore: -

Max. Q = 11,360 (%) - 5 (&t./sec.) = 56,800 c.L.s.

During April and May the discharge of the river exceeds this amount, as shown in
Figure 9, by more than 80,000 c.f.s. The flood wave may be partly stored in the
huge river basin; however, 11 percent of the total annual discharge must still pass
into the harbour through the dam at the Reversing Falls. Colloidal siltation at
present, with the full discharge of the river passing through the harbour, amounts
to 15 to 20 percent of the total, In the proposed scheme this would be reduced to
1 to 2 percent which could be considered negligible. .

6.5 Control Structure

To regulate the huge storage lake and to prevent sea water from entering
the river system, a control structure into the channel would be required. It would
be located at the downstream side of the ridge. Considering the head available at
the structure, it is natural to consider development of hydro power. A powerhouse
would then replace the control structure.

6.5.1 Power Development

Preliminary estimates show that the head pond represented by the
260 square miles of river system could be raised to an elevation of at least 24 ft.
above mean sea level. This could be attained without difficulty since the spring
floods of 20 to 25 ft. above sea level have prevented shoreline development. Little
agricultural land would be flooded. With this head the maximum power available
would vary between 52,000 and 170,000 h.p. Considering monthly means, between
40,000 and 116,000 h.p. would be available.

.
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On Figure 10 the available head, discharge at powerhouse, and power
production are plotted. The yearly energy, based on 39 years of monthly means
of discharge, is 384 million K. W.H. Considering the powerhouse only, the cost
of power should be less than that of steam power,

The power plant could be operated as a continuous load station, but
its real value would be as a peak load power station with huge storage capacity.
Water could be drawn or stored for weeks without appreciably affecting the level
of the reservoir. )

6.5.2 Tidal Effect on Power Production

The tailwater of the powerhouse would rise and fall with the tide. During
the flood season in April and May, the channel would carry continuously the maxi-
mum discharge of 56,800 c.f.s. The power produced during a tidal cycle would
therefore be sinusoidal, fluctuating between 52,000 h.p. at high tide and 170,000 h. p.
at low tide, as shown in Figure 11. From June to March, discharge would be
regulated to 24,000 c.f.s. The power production could be sinusoidal by constant
discharge, constant by varying discharge (Fig. 12), or a combination of these plans.

The average power produced by varying discharge would be 45,000 h. p,
If this were reduced, peak power could be produced as shown in Figure 11; the
limits depending on the tide, i.e. at high tide 52,000 h,p., and at low tide
170,000 h.p.

As the-demand for peak load power increases, consideration should be
given to providing pump storage in high level lakes near the powerhouse to take
care of peak loads at high tide. Furthermore, consideration should be given to
raising the level of the river system above elevation 24. 0 so that more of the spring
flood could be stored.

6.6 Structures Required for Proposal I

A. Without Power Development

Structures required for river diversion:
1. 600-ft. long and 40-ft. high dam, and flood spillway at Reversing
Falls, .

2. 300-it. wide and 10,000-ft. long diversion channel, excavation
approximately 7 million cu. yd. .

3. Regulation structure in diversion channel.
4. Two highway and two railway bridges.

Structures to prevent siltation in storm season:

5. Breakwater between Partridge Island and Red Head.
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Structure for navigatien in river system:

6. Lock at Reversing Falls.
7. Relocation of one highway and one railway bridge at Reversing Falls.

8. Development of deep sea harbour, excavation approximately
8 million cu. yd. ’

B.. With Power Development

A powerhouse would replace the regulating structure in the diversion
channel. ’ .

7.0 PROPOSAL II - BAY ENCLOSED BY DAM

This proposal consists of a watertight dam to close off the bay. Naviga-
tion would enter and leave the bay through a sea lock near Partridge Island and the
river would discharge into the sea between Partridge Island and Negro Point
(Fig. 13). ’

7.1 Effect on Harbour

The bay closed off by the dam would be filled with river water only. <
Practically no siltation would take place since the sea water, which carries sediment
and causes colloidal flocculation by mixing with river water, would be prevented
from entering the bay. Currents caused by tides and density differences would be
avoided and only currents caused by the river flowing through the bay would rentain.

The water in the bay, not subject to tidal variation, would be controlled
to the elevation of high tide which is approximately 22 ft. above low water, While
in Proposal I extensive dredging would be required to establish a deep sea harbour
behind the breakwater; in this scheme 40 to 50 ft. depth would be available in most
of the bay without dredging. )

7.2 River Control

: The location of the spillway between Partridge Island and Negro Point
was chosen so that mixing of river and sea water would take place as far as
possible from the lock entrance.

The spillway and floodgates must be so designed that spring floods up to
300,000 c.f.s. could be discharged. In the flood control a brief critical time occurs
during the freshet when the head between the bay and sea at high tide would be in-
sufficient to drain the flood. To prevent flooding the harbour and structures during
a spring tide,. a flood channel in the Reversing Falls must be excavated to enable
the river system to store the flood water for a short time until drainage is obtained

again,
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7.3 Effect on River System

The still water in the bay, controlled to the elevation of high tide, would
submerge the rock ledge of the Reversing Falls 30 f. and raise the water level in
the river system 10 ft. This would provide a waterway suitable for ships with
draft of 25 ft. over a distance of 80 miles with no additional locks. With the excep-
tion of a few days during serious river floods, the river system would be accessible
from the harbour at all times.

7.4 Siltation Outside of Dam

'I"he dam would change the configuration and hydraulic conditions of the
Bay of Saint John fundamentally but a prediction of how currents would be affected
is very difficult without model studies.

The colloidal material would flocculate and settle where conditions are
favourable. However, it is probable that strong tidal currents in the Bay of Fundy
would keep clear the area around Partridge Island and the entrance to the lock.

7.5 Power Development

Should power development be considered, the water level in the bay
would have to be kept as high as possible to ensure power production most of the
time. € minimum head at mean high tide would be 4.5 ft, However, this could
be reduced to 1.5 ft, by a spring tide. This reduction in power during each cycle
may make power development uneconomical.

In Figure 14, the head between mean sea level and the harbour, the annual
discharge, and the annual power production, are plotted. The energy available
would be 300 million K. W. H. per year.

7.6 Structures Required for Proposal IT

1. 11,000~ft. cellular cofferdam.
"2, Sea lock with filling and emptying gates.
3. Spillway and floodgates for river control.

4, Flood channel at Reversing Falls,

8.0 PROPOSAL III

A further proposal, which deserves some thought, is to close the Reversing
Falls against the entrance of sea water so that only river water would flow through
the harbour. ‘A dam or powerhouse across the Falls and floodgates for spring flood
would be required.
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Sea water entering the bay would be half its. present amount, The eifect
on siltation would be that the silt carried by the currents of the flood tide would be
reduced and the colloidal flocculation by mixing river and sea water decreased,

A further improvement may be a breakwater to prevent fresh water from
violently mixing with sea water,

9.0 PROPOSAL IV

The basic ideas in Proposal II could be applied to Courtenay Bay only.
The structures would consist of a watertight dam to close Courtenay Bay and create
a still water basin filled with.fresh water. The basin would be independent of the
river and tide. A cell dam, 6500 ft. long, and a sea lock would be required. Two
creeks and Little River would compensate for losses of water during locking: The
rest of the harbour would remain in its present state.

10.0 SYNOPSIS

Modifications contained in the proposals would tend to improve conditions'
basically. i .

In Proposal I, the river, which causes most of the problem, would be
diverted straight into the sea, thus keeping the colloidal silt out of the harbour.
The proposed plan would also reduce silt carried in from the bay. ~

In Proposal 1, the harbour bay would be sealed against sea water,
and siltation inside the bay could not occur. Siltation might occur outside the dam
near the entrance to the lock, A model study might be helpful in solving this
problem.

Proposals III and IV are essentially reductions of Proposals I and II
in scale and effect.
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