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Fish Ladder Modifications for Boulevard Lake Dam

EXECUTIVE SUMMARY

An analysis was completed of potential improvements for the existing fishway at
Boulevard Lake Dam. The goal of the improvements is to enable quantification of the fish that
swim upstream through the fishway, to enhance attraction flow at the fish ladder entrance, and
preserve or enhance hydraulics favorable to passage through simple and cost-effective
modifications to the existing fishway.

A three-tiered approach was developed. The first tier implements fish counters in the upper
and lower pools along with some partial blockage of two weirs to direct fish through the fish
counter in the lower pool. Low level orifices are recommended for the uppermost two pools in
Tier 1 to improve hydraulics and provide a non-jumping option for upstream passage. Tier 2 adds
a single floor-level orifice to the remaining weirs except for weir 5 which serves as a barrier to
Lamprey passage. Tier 3 implements flash boards to partially block the remaining weirs, creating

a uniform overflow width for most of the pools.
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1 INTRODUCTION

The overall goal of this study is to identify and analyze low-cost modifications for
implementation at the existing fishway at Boulevard Lake Dam on the lower reaches of the Current
River near the City of Thunder Bay, Ontario. The fishway, located approximately 650 meters
upstream from the mouth of the Current River where it enters Lake Superior, was installed in 1991
with the goal of passing migratory rainbow trout (steelhead) upstream past the dam (Beak, 1990).
Ongoing rehabilitation of the dam, including installation of powered flow gates for the fish ladder
and adjacent sluiceways, will enhance control of fishway flows. A recent hydraulic analysis of
the existing fishway, which is a pool and weir-type fish ladder, indicated that the ladder can be
operated at flow rates between 1 to 2.7 cubic meters per second (cms) to achieve hydraulics
amenable to fish passage and recommended a target flow rate of 1.5 cms (Lyons & Weber, 2020).
However, the study also showed that the overall design of the ladder was sub-optimal and
improvements should be considered to improve fishway hydraulics, enhance attraction, and assess
their efficacy. The present study focuses on simple cost-effective modifications that will enhance
attraction flow and enable the installation of fish counters to collect biological data while

maintaining or improving hydraulics within the fishway over a range of flow conditions.

1.1 Objectives

The objectives of this study are to:

e Identify the size and location of orifices and other modifications which are high gain and
low cost.

e Determine basic hydraulics associated with the modifications for fishway flow rates of 0.4,
1.0,1.5,2.0 and 2.5 cms.

e Produce a report with recommended modifications and detailed drawings of the
modifications.

e Include a brief assessment on the effect of the flash boards on attraction flow.

2 BACKGROUND

2.1 Dam operation
The dam is operated by the City of Thunder Bay according to the Boulevard Lake Dam

water management plan which specifies seasonal flow and water level targets. The water
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management plan is subject to limits established by the 2018 Amended Permit to Take Water
(PTTW) (Number 4321-6RVR23) issued by the Ontario Ministry of the Environment and Climate
Change. For ecological reasons downstream of the dam, the minimum flow requirement through
the dam is 0.4 cms. In the spring fish passage season, from April 1 to June 15, the minimum flow
requirement is increased to 2.1 cms or the natural inflow to the lake, whichever is less (KGS,
2020).

2.2 Existing fishway design

The Boulevard Lake Dam fishway is a pool and weir-type fish ladder. Flow into the ladder
has been historically controlled by stoplogs, but will be controlled by a powered overflow leaf gate
which will replace the existing stoplogs as part of an ongoing refurbishment project scheduled to
be completed in late 2021. The fish ladder has eleven stepped pools divided by notched overflow
weirs with approximately 0.5-meter head drop between each weir (Figure 2-1, Figure 2-2, and
Figure 2-3). The pools are numbered one to 11 sequentially from upstream to downstream.
Shallow rectangular notches are formed in the top of downstream weirs in Pools 2 through 11,
alternating between two and three notches per weir (Figure 2-4). Notch sizes are 0.6 meters wide
by 0.1 or 0.15 meters deep. Pool slope and length varies between pools and pool width increases
in the downstream direction. Key fish ladder dimensions and slopes are included in Table 2-1.
Further detail and design features of the existing ladder were documented by Lyons and Weber
(2020).
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Figure 2-1. Fish ladder plan view (Proctor & Redfern, 1992)
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Figure 2-2. Fish ladder section view (Proctor & Redfern, 1992)
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Figure 2-3. Fish ladder rendering (does not show weir notches) (credit: TBT Engineering)
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Figure 2-4. Photograph looking upstream showing the fishway weirs and notches without flow (Source:
https://northshoresteelhead.com/project/current-river/fishway-project/gal)

Table 2-1. Boulevard Lake Dam fish ladder pool dimensions and slopes (Lyons & Weber, 2020).

Pool Length ‘Weir Height Woeir Elevation Pool Volume

Pool No.  Pool Width (m) (m) (m) (m) m3) Slope (%)
1 3.065 4,030 1.565 211.10 19.3 1%
2 4.746 2.100 1.183 210.60 11.8 24%
3 6.276 3.300 2.670 210,09 55.3 15%
4 6.495 1.800 2315 209.60 27.1 27%
5 6.686 1.500 2.010 209.09 20.2 34%
6 7.280 1.500 1.715 208.59 18.7 33%
7 7.935 1.500 1.390 208.08 16.5 34%
8 B.633 1.500 1.610 207.59 208 33%
9 9.310 1.500 1.600 207.09 223 33%
10 9.986 1.500 1.660 206.59 24.9 33%
11 10.653 1.500 1.210 206.10 19.3 33%

Note: Pool width from 30 AwtoCAD model provided by N55A. Pool depth and length from Proctor & Redfern Drawing Mo, A1-51508-51 Rev. 2,
July 1991,

3 HYDRAULIC ANALYSIS

3.1 Hydraulic design parameters
There are no firm design criteria or parameters for the geometric or hydraulic design of
pool and weir-type fish ladders, but recommendations and best practices can be found in several

publications. In general, these are summarized as follows:
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e Flow in each pool should be in the plunging flow regime (Katopodis, 1992).

e Flow depth over the weir should be between 0.15 and 0.30 meters (Bell, 1990).

e Energy dissipation in each pool should not exceed 192 Watts per cubic foot (Bell, 1990).

e Pool size should be a minimum of 2.44 meters long, 1.83 meters wide, and 1.52 meters
deep (NMFS, 2008).

e Orifice dimensions should be at least 0.381 meters high by 0.305 meters wide (NMFS,
2008).

e Attraction flow velocities are recommended to be at least 1.2 meters/sec (Clay, 1961).

Whether these criteria are met for a specific fish ladder is primarily a function of the pool
geometry and fishway flow rate. As such, the amount of inflow, the entrance geometry, the head
pool elevation, the size and shape of each pool, the slope, and the outflow characteristics will all
influence whether these criteria can be met inside the ladder pools. Because the geometry of each
fish ladder pool is unique at Boulevard Lake Dam, the criteria will be met or exceeded at unique
flows in each pool. Most of the fish ladder pools do not meet the minimum length
recommendation.

3.1.1 Flow regime

The flow in the fish ladder pools will be in the plunging or streaming flow regime (Figure
3-1) as determined by the pool geometry and the total inflow to the fish ladder. For plunging flow,
the depth over the weir is a function of flowrate and weir width, and can be calculated from the
traditional weir equation. For streaming flow, the depth over the weir is also a function of the pool
slope and length and can be calculated from a modified weir equation. The plunging, streaming,
and transitional flowrates can be calculated from the following equations (Katopodis, 1992;
Rajaratnam et al., 1988):

Qw _
Qplunging = m = 0.62 (3-1)
Qw
Ostreaming = BdT\/g_So =1.5\/L/d (3-2)
Qtransitional = BSOS+\/§ =0.25 (3-3)
Where

Qu is flow rate over the weir (m®/sec),
B is weir width (meters),

h is head on the weir (meters),
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d is depth of flow over the weirs (meters),
g is the gravitational constant (9.81 meters/sec?),

So is slope between weirs (%), and

L is length between weirs (meters).

(@) plunging flow regime (b) streaming flow regime
Figure 3-1. Typical pool and weir fish ladder hydraulics and flow equations (Katopodis, 1992)
3.1.2 Flow depth over weirs
Because of the varying weir lengths throughout the ladder, flow depth over the weirs varies
in each pool for a given flowrate. Flow depth will be the deepest over the narrowest weirs and
shallowest over the widest weirs. Flow depth for a given flow rate and weir width can be calculated

by solving Equation 3-1 for head h:

v () (54
Where

Q is fish ladder flow rate (m®/sec),

Cq is the weir coefficient (0.62),

B is weir width (meters), and

g is the gravitational constant (9.81 meters/sec?).
3.1.3 Pool energy

To allow adequate resting opportunity in each pool, the maximum flowrate can be
calculated for a known pool volume and energy head drop into the pool from the following
equation (NMFS, 2008):

VE

Qmax ==

- (35)

Where

Qmax is fish ladder flow rate (m3/sec),
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V is pool volume (md),
E is energy dissipation rate (watts/m?),
y is unit weight of water (9807 N/m?3), and

h is energy head drop between pools (m).

3.1.4 Hydraulics of the existing design

The hydraulics of the existing design were extensively evaluated in by Lyons and Weber
(2020). Based on their evaluation, the flow regime in Pools 2 to 11 is plunging for flows below
2.7 cms, begins to transition from plunging to streaming at 2.7 cms in Pool 2 first, and is fully
transitioned to streaming flows in the entire ladder around 5 cms. Flow depth over the weirs was
shown to vary due to the progressive lengthening of the weirs in the downstream direction. For a
flow of 0.4 cms, the flow depths were estimated to range from 0.07 to 0.17 meters, with increased
depths at the notches. Individual pools of the Boulevard Lake Dam fish ladder exceed the
recommended energy dissipation threshold at flows between 0.5 and 2.2 cms, with most of the
pools exceeding the recommended value at flows greater than 0.7 to 1.0 cms. To achieve 1.2
m/sec velocity exiting the pool, the fishway currently needs to be operated at approximately 2 cms

or above.

3.2 Modifications

Modifications under consideration were selected based on their likelihood of creating the
most improvement without major structural changes. Therefore, the recommended modifications
may not represent the highest achievable fish passage efficiency that is possible at Boulevard Lake
Dam, but are aimed toward increasing fish passage efficiency of the existing structure, and
quantifying the number of fish entering and passing the fishway so that operators can begin to
better understand the efficacy of fish passage at the dam. Modifications that would require
extensive civil work or reconstruction such as altering the fish ladder slope, pool width, pool
length, drop between pools, fishway type or location are beyond the scope of this study.
3.2.1 Oirifices

Many pool and weir-type fish ladders include submerged openings to provide a non-
jumping option for upstream passage. For adult migrants, the minimum recommended orifice size
is 0.381 meters tall by 0.305 meters wide (NMFS, 2008). Adding orifices in the Lake Boulevard
fish ladder may improve overall passage rates by providing a non-jumping option or by improving

hydraulics within individual pools for certain flow conditions. For a given fishway flow rate,
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adding a submerged orifice will decrease the amount of flow that would otherwise overtop the
weir, thereby increasing the flowrate at which that pool transitions from plunging to streaming,
which may be beneficial to passage.
3.2.2 Flash boards

Flash boards were suggested conceptually by Lyons and Weber (2020) as a cost-effective
means to alter weir length and create more uniform hydraulics within the fish ladder. Reducing
weir length, especially on the lower pools, would increase the flow depth across the weir and
thereby create a stronger flow signature to attract fish to the entrance and trigger upstream jumping.
Flash boards could also be used to block plunging flow and inhibit jumping at certain locations.
3.2.3 Fish counter

There is currently no means of determining the number or size of fish that utilize the
Boulevard Lake Dam fishway. An option under consideration is installation of a resistivity-type
fish counter in Pools 1 and 11. This type of fish counter is based on the principle that a difference
in electrical conductivity exists between the water and body of the fish. Analysis of the data
collected by these counters allows the quantification of the number and size of fish that enter and
pass the fishway. Multiple electrodes in each counter (generally three to five) also enable the
determination of direction that each fish passes through the counter. The main advantages of this
type of counter is that they are simple to operate, relatively inexpensive, and can usually be
installed in existing structures without major modifications. A disadvantage is the potential to be
blocked by debris or to register false counts due to debris passage, however, this could be mitigated
by installation of an unerwater video camera. Consequently, tube counters require routine
inspection and clearing of debris as needed. An example illustration of installed resistivity tube
counters is shown in Figure 3-2 and a view inside a tube counter showing the three electrodes (dark
rings) is shown in Figure 3-3.
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Figure 3-2. Resistivity-type fish counters at unknown installation (Source:
https://instream.net/services/electronic-fish-counters/)

Figure 3-3. View through a resistivity-type fish counter (photo credit: Frank Edgson).
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Installation of a resistivity tube fish counter between two cells may affect the hydraulics of
the inter-connected pools by creating a new flow path between pools. All or a portion of the flow
will pass through the tube depending on the tube diameter, the fishway flow, and the head
differential between the pools. Excess flow would be conveyed over the weir or other flow paths.
To be effective, fish must be directed to the tube and alternate passage routes should be eliminated
or blocked. Alternately, the installation of a fish counter within a pool can be achieved by dividing
the pool with a porous wall or rack with sufficient bar spacing to allow flow to pass but block fish

and only allow fish to pass the fish counter tube.

3.3 Recommended modifications

A number of modifications and configurations have been considered. The recommended
modifications are intended to provide changes that can be implemented in three tiers, building on
modifications from the previous tier with a goal of improving fish passage with each tier. The
modifications are illustrated in Figure B-1 and described in more detail in the following sections.
3.3.1 Tier 1 modifications

Tier 1 includes the following fishway modifications:

e fish counters and exclusion panels installed in pools 1 and 11,
e partial weir blockage (i.e., flash boards) in pools 10 and 11,

e two low-level orifices in the weir between pools 1 and 2, and
e two low-level orifices in the weir between pools 2 and 3.

The recommended fish counters are resistivity-type tube fish counters manufactured by
InStream Fisheries Research, Inc. (InStream) and discussed earlier in the report. Each counter
would be installed in a porous wall or rack, referred to as an exclusion panel, inside the pool,
allowing flow to pass through the porous wall and fish counter tube but requiring fish to pass
through the counter. The counters being considered are approximately 0.46 meters in diameter
with length varying based on the size of fish to be counted. Consultation with InStream indicated
a 1.0-meter long tube would be appropriate for the largest fish of approximately 70 centimeters in
length expected in the fishway.

The purpose of partial weir blockage by flash boards in pools 10 and 11 is to alter the flow
entering and exiting pool 11 and to inhibit fish from jumping over the blocked portions of the
weirs. The weir blockage will require the fish to swim through the fish counter after entering pool

11 but before jumping to pool 10. By eliminating the plunging flow between pools 10 and 11
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downstream of the fish counter, the fish in pool 11 won’t be able to jump into pool 10 until after
they’ve passed through the fish counter. Likewise, the flashboard on pool 11 blocks plunging flow
into the tailrace upstream of the fish counter so that fish will only enter pool 11 from the river on
the downstream side of the counter. The weir blockage on pool 11 will also concentrate fishway
flows to the left bank (looking downstream) side of the pool where it enters the river along the left
shoreline, increasing velocity exiting the ladder and enhancing the flow signature in the tailrace.

Pools 1 and 2 are the narrowest pools in the fish ladder and transition from plunging to
streaming flows at lower flows than the other pools. The low-level orifices added between pools
1, 2, and 3 allow some of the fishway flow to pass between pools without flowing over the weirs,
thereby decreasing the flow depth over the weirs and causing the flow to transition from plunging
to streaming at a higher total flow. Secondarily, they also provide a non-jumping passage route
for fish near the upstream end of the ladder, where fish have already expended significant energy
passing the lower pools. Tier 1 modifications are illustrated in Appendix B (shaded blue).
3.3.2 Tier 2 modifications

Tier 2 modifications keep all modifiations from Tier 1 and add a single orifice in each
downstream weir wall of pools 3, 4, 6, 7, 8, 9, 10, and 11. The weir between Pools 5 and 6 serves
as a lamprey barrier, so no orifice is installed in weir 5. The orifices provide a non-jumping option
in every pool (except 5) with the intent to increase overall fish passage efficiency, especially for
coaster brook trout, widely believed to be less capable jumpers compared to rainbow trout. The
orifice between Pools 10 and 11 is installed upstream of the fish counter to insure fish cannot
bypass the counter. Likewise, the orifice installed between Pool 11 and the river should be
installed downstream of the counter for the same reason. The orifices also increase transitional
flows in all pools while simultaneously lowering flow depth over the weirs. This is favorable to
fish passage as it allows higher flows in the ladder before the transition from plunging to streaming
occurs. Flow depths over the weirs are generally within the recommended range (0.15 to 0.30 m)
for fishway flows of 1.0, 1.5, and 2.0 cms. Tier 2 modifications are illustrated in Appendix B
(shaded magenta).
3.3.3 Tier 3 modifications

Tier 3 modifications keep all modifications from tiers 1 and 2 but add flashboards to
partially block weirs 3, 4, 5, 6, 7, 8, and 9 to make equal overflow widths in each pool. This creates

uniform overflow width between pools from pool 2 through 9. Pools 10 and 11 remain unchanged
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due to the flash boards already installed for the fish counter in tier 1. Pools 1 and 2 do not get flash
boards because they are already narrower than the other pools. Fish ladder pools are traditionally
designed to be constant width, length, depth, and slope along the length of the ladder and provide
equal flow width along the length of the ladder and therefore more uniform hydraulics between
pools. By creating uniform weir width, flow patterns become more uniform and overall fish
passage efficiency may increase. The narrower overflow sections cause transition flows to
decreases in pools 3 to 9 due to narrowing of the weirs, however, the transition flows are still
approximately 2.5 cms or higher, so the performance will still be acceptable for fishway flows
below 2.5 cms. Likewise, flow depths over the weirs increase and fall within the recommended
range (0.15 to 0.30 m) for fishway flows of 1.0 and 1.5, which may be helpful for passage. For
fishway flows of 2.5 cms, the pool depths begin to approach the top of the flashboards and may
result in in intermittent overtopping which should be avoided. Tier 3 modifications are illustrated
in Appendix B (shaded green).
3.3.4 Pool hydraulics

The pool hydraulics associated with Tiers 1, 2, and 3 modifications have been calculated
for fishway flows of 0.4, 1.0, 1.5, 2.0, and 2.5 cubic meters per second (cms). Tabulated values
of total fishway flow rate (Q), head on the weir (h), weir flow rate (Queir), orifice flow rate (Qorifice),
and velocity through the orifice (Vorifice) are provided in Appendix A, Tables A-1, A-2, and A-3.

The calculations for orifice flow rate and head on the weir assume orifice sizes of 0.381
meters tall by 0.305 meters wide which are the recommended minimum size for adult migrants
(NMFS, 2008). The reported orifice flow rate value is the total flow rate of all orifices installed
between a single weir (one or two orifices). Orifice flow rates generally range from 0.2 to 0.25
cms per orifice regardless of fishway flow rate. Orifice velocities range from 1.7 to 2.5 meters per
second which is well below the burst speed of adult migrants (Bell, 1990). The narrow range of
velocity values over the relatively wide range of fishway flow rates is due to flow and velocity
through the orifices being a function of head differential across the orifice, which changes
relatively little with fishway flow rate. Weir widths and transitional flows for the existing
configuration and those for Tiers 1, 2, and 3 modifications are provided in Table 3-1 and Table 3-
2.
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Table 3-1. Weir widths for the existing fishway and for each tier.

Weir Width (m)

Pool No. — - . -

Existing Teir 1 Tier 2 Tier 3
1 3.07 3.07 3.07 3.07
2 4.75 4.75 4.75 4.75
3 6.28 6.28 6.28 4.75
4 6.50 6.50 6.50 4.75
5 6.69 6.69 6.69 4.75
6 7.28 7.28 7.28 4.75
7 7.94 7.94 7.94 4.75
8 8.63 8.63 8.63 4.75
9 9.31 9.31 9.31 4.75
10 9.99 4.99 4.99 4.99
11 10.65 5.33 5.33 5.33

Table 3-2. Transitional flows for the existing fishway and for each tier.

Transitional Flow (cms)

Pool No.

Existing Tier 1 Tier 2 Tier 3
1 0.19 0.64 0.64 0.64
2 2.69 3.14 3.14 3.14
3 4.55 4.55 4.77 3.68
4 3.34 3.34 3.57 2.66
5 3.27 3.27 3.27 2.32
6 3.49 3.49 3.71 2.50
7 3.88 3.88 4.10 2.54
8 4.06 4.06 4.28 2.45
9 4.46 4.46 4.69 2.50
10 4.79 2.39 2.62 2.61
11 5.01 2.50 2.72 2.73

3.3.5 Attraction flow

The weir blockage in pool 11 will concentrate the flow over half the weir length compared
to the existing configuration, thereby approximately doubling the exit velocity. The flow velocity
exiting the plunge pool immediately downstream of the fishway was previously estimated to be
between 0.24 and 1.52 meters per second for fishway flows of 0.4 to 2.5 cubic meters per second
(Lyons and Weber, 2020). Doubling these values results in flow veloicites of approximately 0.5
to 3.0 meters per second. A fishway flow of 1.0 cubic meters per second will result in an attraction
flow velocity of approximately 1.2 meters per second which is the minimum recommended
attraction flow velocity by Clay (1961). A fishway flow 1.5 cubic meters per second will result in

an attraction flow velocity of approximately 1.8 meters per second. A fishway flow of 2.0 cubic
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meters per second will result in an attraction flow velocity of approximately 2.4 meters per second
which is the maximum recommended attraction flow by Clay (1961) and is only recommended to
be exceeded for very short distances.

3.3.6 Installation notes

The fish counters and associated fish fences will be designed and installed by InStream.
InStream provided guidance to the authors for placing the fish counters in Pools 1 and 11. They
stressed the importance keeping the counters submerged but noted that placing the counters at the
bottom of the pools the counters will remain submerged at all times. They also noted that
excessively bubbly flow inside the counters can cause noise in the data. Given the pool depth and
proximity of the plunging flow, bubbles are not anticipated to be an issue. If issues with bubbles
do arise, it may be possible to shift the counters along the floor to a location with fewer bubbles at
depth. InStream also suggested angling the exclusion panel in Pool 1 to create more room for fish
between the ends of the fish counter and the pool walls. The exclusion panel is rotated 30 degrees
relative the to the weir face (Figure B-1).

The dimensions for Pools 1 to 11 shown in this report may not be accurate and should be
confirmed with field measurements prior to fabrication of any components. Installing the
exclusion panels and flash boards will require drilling into the concrete walls and/or weirs.
Structual details including rebar detail from the original installation is provided in Figures B-7 and
B-8 as a reference for installers. The drawing notes indicate that the overflow weirs are reinforced
with 15M (16 mm diameter) vertical rebar spaced 200 mm on center and 15M horizontal rebar
spaced 300 mm on center. The top of weirs are reinforced with 10M (11.3 mm diameter) U-bars
spaced at 200 mm on center. The authors cannot confirm if the drawings accurately represent as-
built rebar size and spacing. Based on the rebar spacing, contractors should expect to encounter
rebar when cutting orifices and/or drilling holes for fasteners.

Weir blockage can be achieved by bolt-on boards or non-porous panels. The flash boards
are recommended to be solid wood or aluminum panels with vertical steel supports that extend
along the upstream face of the weir. The structural design of the flashboards is beyond the scope
of this report, but the flashboards should be designed to withstand the hydrostatic force of water
plus a factor of safety to account for flow energy and debris strikes. Representatives of InStream
Fisheries Research, Inc. indicated they can design and fabricate the bolt-on blockage panels if

desired.
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4  SUMMARY

This study recommends a series of fishway modifications to begin monitoring fish and
potentially enhance upstream passage at Boulevard Lake Dam. A number of modifications
implemented in three tiers were identified that can be accomplished with minor changes to the
fishway. AIll modifications except creating the low-level orifices can be implemented by bolting
on pre-fabricated panels or screens. The hydraulics associated with each tier were quantified and
show that the fish ladder can be operated in a manner that produces flow patterns amenable to

passage at flows of 1.0, 1.5. and 2.0 cms.
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APPENDIX A: FISHWAY HYDRAULICS

Page 18



Fish Ladder Modifications for Boulevard Lake Dam

Table A-1. Tier 1 fishway hydraulics.

Pool 1: two orifices

Pool 7: no changes

Q h Qw eir Qorifice Vorifice Q h Qw eir Qorifice Vorifice
(cms) (m) (cms) (cms) (m/s) (cms) (m) (cms) (cms) (m/s)
0.40 - --- 0.40 1.72 0.40 0.09 0.40 -—- -
1.00 0.21 0.54 0.46 2.00 1.00 0.17 1.00 --- -—-
1.50 0.32 1.02 0.48 2.05 1.50 0.22 1.50 --- -—-
2.00 0.42 1.51 0.49 2.09 2.00 0.27 2.00 - -
2.50 0.50 2.01 0.49 2.13 2.50 0.31 2.50 -—- ---

Pool 2: two orifices Pool 8: no changes

Q h Qw eir Qorifice Vorifice Q h Qw eir O«orifice Vorifice
(cms) (m) (cms) (cms) (m/s) (cms) (m) (cms) (cms) (m/s)
0.40 0.01 0.00 0.40 1.71 0.40 0.09 0.40 - ---
1.00 0.16 0.57 0.43 1.85 1.00 0.16 1.00 --- ---
1.50 0.25 1.06 0.44 1.89 1.50 0.21 1.50 --- -
2.00 0.32 1.55 0.45 1.92 2.00 0.25 2.00 --- ---
2.50 0.38 2.05 0.45 1.95 2.50 0.29 2.50 - ---

Pool 3: no changes Pool 9: no changes

Q h O~w eir Qorifice Voritice Q h O~w eir Qorifice Voritice
(cms) (m) (cms) (cms) (m/s) (cms) (m) (cms) (cms) (m/s)
0.40 0.11 0.40 --- --- 0.40 0.08 0.40 - -
1.00 0.20 1.00 - --- 1.00 0.15 1.00 - -
1.50 0.26 1.50 --- --- 1.50 0.20 1.50 - -
2.00 0.31 2.00 2.00 0.24 2.00
2.50 0.36 2.50 2.50 0.28 2.50

Pool 4: no changes Pool 10: 1/2 weir width

Q h QW eir O~orifice Vorifice Q h Qw eir Qorifice Vorifice
(cms) (m) (cms) (cms) (m/s) (cms) (m) (cms) (cms) (m/s)
0.40 0.10 0.40 0.40 0.12 0.40
1.00 0.19 1.00 - - 1.00 0.23 1.00 - -
1.50 0.25 1.50 --- - 1.50 0.30 1.50 - -
2.00 0.30 2.00 --- - 2.00 0.36 2.00 - -
2.50 0.35 2.50 --- -—- 2.50 0.42 2.50 --- ---

Pool 5: no changes Pool 11: 1/2 weir width

Q h Qw eir Qorifice Vorifice Q h Qw eir Qorifice Vorifice
(cms) (m) (cms) (cms) (m/s) (cms) (m) (cms) (cms) (m/s)
0.40 0.10 0.40 - --- 0.40 0.12 0.40 - -
1.00 0.19 1.00 - - 1.00 0.22 1.00 - -
1.50 0.25 1.50 --- -—- 1.50 0.29 1.50 - -
2.00 0.30 2.00 --- -—- 2.00 0.35 2.00 - -
2.50 0.35 2.50 --- --—- 2.50 0.40 2.50 - -

Pool 6: no changes

Q h Queir Qorifice Voritice

(cms) (m) (cms) (cms) (m/s)
0.40 0.10 0.40 - ---
1.00 0.18 1.00 - ---
1.50 0.23 1.50 - ---
2.00 0.28 2.00 - -

2.50 0.33 2.50 - -
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Table A-2. Tier 2 fishway hydraulics.

Pool 1: two orifices

Pool 7: one orifice

Q h Qw eir Qorifice Vorifice Q h Qw eir O~orifice Vorifice
(cms) (m) (cms) (cms) (m/s) (cms) (m) (cms) (cms) (m/s)
0.40 0.40 1.72 0.40 0.05 0.18 0.22 1.92
1.00 0.21 0.54 0.46 2.00 1.00 0.14 0.78 0.22 1.93
1.50 0.32 1.02 0.48 2.05 1.50 0.20 1.28 0.22 1.93
2.00 0.42 1.51 0.49 2.10 2.00 0.25 1.78 0.22 1.94
2.50 0.50 2.01 0.50 2.13 2.50 0.29 2.27 0.23 1.94

Pool 2: two orifices Pool 8: one orifice

Q h QW eir Qorifice Vorifice Q h Qw eir O~orifice Vorifice
(cms) (m) (cms) (cms) (m/s) (cms) (m) (cms) (cms) (m/s)
0.40 0.00 0.00 0.42 1.79 0.40 0.05 0.18 0.22 1.91
1.00 0.16 0.56 0.44 1.90 1.00 0.13 0.78 0.22 1.92
1.50 0.24 1.05 0.45 1.94 1.50 0.19 1.28 0.22 1.92
2.00 0.32 1.54 0.46 1.96 2.00 0.23 1.78 0.22 1.93
2.50 0.38 2.04 0.46 1.99 2.50 0.27 2.28 0.22 1.93

Pool 3: one orifice Pool 9: one orifice

Q h QW eir Qorifice Vorifice Q h Qw eir O~orifice Vorifice
(cms) (m) (cms) (cms) (m/s) (cms) (m) (cms) (cms) (m/s)
0.40 0.06 0.18 0.22 191 0.40 0.05 0.18 0.22 1.87
1.00 0.17 0.78 0.22 1.92 1.00 0.13 0.79 0.21 1.78
1.50 0.23 1.28 0.22 1.92 1.50 0.18 1.30 0.20 1.73
2.00 0.29 1.78 0.22 1.92 2.00 0.22 1.80 0.20 1.68
2.50 0.34 2.28 0.22 1.93 2.50 0.26 2.31 0.19 1.64

Pool 4: one orifice Pool 10: 1/2 weir width, one orifice

Q h Qw eir Qorifice Vorifice Q h Qw eir O~orifi<:e Vorifice
(cms) (m) (cms) (cms) (m/s) (cms) (m) (cms) (cms) (m/s)
0.40 0.06 0.19 0.21 1.83 0.40 0.07 0.18 0.22 1.92
1.00 0.16 0.78 0.22 1.86 1.00 0.19 0.78 0.22 1.94
1.50 0.23 1.28 0.22 1.87 1.50 0.27 1.27 0.23 1.94
2.00 0.28 1.78 0.22 1.88 2.00 0.34 1.77 0.23 1.95
2.50 0.33 2.28 0.22 1.88 2.50 0.40 2.27 0.23 1.96

Pool 5: no orifice due to Lamprey barrier Pool 11: 1/2 weir width, one orifice

Q h Qw eir Qorifice Vorifice Q h Qw eir Qorifice Vorifice
(cms) (m) (cms) (cms) (m/s) (cms) (m) (cms) (cms) (m/s)
0.40 0.10 0.40 0.00 0.40 0.07 0.16 0.24 2.03
1.00 0.19 1.00 0.00 - 1.00 0.18 0.74 0.26 2.23
1.50 0.25 1.50 0.00 1.50 0.25 1.23 0.27 2.34
2.00 0.30 2.00 0.00 2.00 0.31 1.72 0.28 2.44
2.50 0.35 2.50 0.00 -— 2.50 0.37 2.21 0.29 2.52

Pool 6: one orifice

Q h Qw eir Qorifice Vorifice

(cms) (m) (cms) (cms) (m/s)
0.40 0.06 0.18 0.22 1.92

1.00 0.15 0.78 0.22 1.93
1.50 0.21 1.28 0.22 1.93
2.00 0.26 1.77 0.23 1.94
2.50 0.31 2.27 0.23 1.94
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Table A-3. Tier 3 fishway hydraulics.

Pool 1: two orifices

Pool 7: one orifice, partially blocked weir

Q h QW eir Qorifice Vorif ice
(cms) (m) (cms) (cms) (m/s)
0.40 --- --- 0.40 1.72
1.00 0.21 0.54 0.46 2.00
1.50 0.32 1.02 0.48 2.05
2.00 0.42 1.51 0.49 2.09
2.50 0.50 2.01 0.49 2.13

Pool 2: two orifices

Q h Qw eir Qorifice Vorif ice
(cms) (m) (cms) (cms) (m/s)
0.40 0.00 0.00 0.41 1.76
1.00 0.16 0.57 0.43 1.84
1.50 0.25 1.07 0.43 1.85
2.00 0.32 1.57 0.43 1.86
2.50 0.38 2.07 0.43 1.86

Pool 3: one orifice, partially blocked weir

Q h QW eir O~orifice Vorif ice
(cms) (m) (cms) (cms) (m/s)
0.40 0.08 0.18 0.22 1.90
1.00 0.20 0.78 0.22 1.91
1.50 0.28 1.28 0.22 191
2.00 0.35 1.78 0.22 191
2.50 0.41 2.28 0.22 1.91

Pool 4: one orifice, partially blocked weir

Q h QW eir Qorifice Vorif ice
(cms) (m) (cms) (cms) (m/s)
0.40 0.08 0.19 0.21 1.81

1.00 0.20 0.79 0.21 1.84
1.50 0.28 1.28 0.22 1.85
2.00 0.35 1.78 0.22 1.86
2.50 0.41 2.28 0.22 1.86

Pool 5: no orifice due to Lamprey barrier, partially blocked weir

Q h Qw eir Cl(:orifice Vorifice
(cms) (m) (cms) (cms) (m/s)
0.40 0.07 0.18 0.22 191
1.00 0.20 0.78 0.22 191
1.50 0.28 1.28 0.22 191
2.00 0.35 1.78 0.22 1.91
2.50 0.41 2.28 0.22 1.91

Pool 8: one orifice, partially blocked weir

Q h Qw eir Qorifice Vorifice
(cms) (m) (cms) (cms) (m/s)
0.40 0.07 0.18 0.22 191
1.00 0.20 0.78 0.22 1.91
1.50 0.28 1.28 0.22 1.91
2.00 0.35 1.78 0.22 1.91
2.50 0.41 2.28 0.22 1.91

Pool 9: one orifice, partially blocked weir

Q h Qw eir Czorifice Vorifice
(cms) (m) (cms) (cms) (m/s)
0.40 0.07 0.18 0.22 1.92
1.00 0.20 0.78 0.22 1.92
1.50 0.28 1.28 0.22 1.93
2.00 0.35 1.78 0.22 1.93
2.50 0.41 2.28 0.22 1.94

Pool 10: 1/2 weir width, one orifice

Q h Qw eir O~orifice Vorifice
(cms) (m) (cms) (cms) (m/s)
0.40 0.07 0.18 0.22 1.92
1.00 0.19 0.78 0.22 1.94
1.50 0.27 1.27 0.23 1.94
2.00 0.34 1.77 0.23 1.95
2.50 0.40 2.27 0.23 1.96

Pool 11: 1/2 weir width, one orifice

Q h Qw eir Qorifice Vorifice
(cms) (m) (cms) (cms) (m/s)
0.40 0.07 0.16 0.24 2.03

1.00 0.18 0.74 0.26 2.23
1.50 0.25 1.23 0.27 2.34
2.00 0.31 1.72 0.28 2.44
2.50 0.37 2.21 0.29 2.52

Q h QW eir Qorif ice Vorif ice
(cms) (m) (cms) (cms) (m/s)
0.40 0.13 0.40 0.00 -
1.00 0.24 1.00 0.00 --
1.50 0.31 1.50 0.00 -
2.00 0.38 2.00 0.00 ---
2.50 0.44 2.50 0.00 ---

Pool 6: one orifice, partially blocked weir

Q h Qw eir Qorifice Vorif ice
(cms) (m) (cms) (cms) (m/s)
0.40 0.07 0.18 0.22 1.91
1.00 0.20 0.78 0.22 1.91
1.50 0.28 1.28 0.22 1.91
2.00 0.35 1.78 0.22 1.91
2.50 0.41 2.28 0.22 1.91
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APPENDIX B: DRAWINGS
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Figure B-1. Lake Boulevard fishway modifications.
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Figure B-2. Weir 1 and 2 details (looking upstream).
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Figure B-3. Weir 3 and 4 details (looking upstream).
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Figure B-4. Weir 5 and 6 details (looking upstream).
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Figure B-5. Weir 7, 8 and 9 details (looking upstream).
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Weir 11
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Figure B-6. Weir 10 and 11 details (looking upstream).

Page 28



BLD-FISHWY-3

e EE. — ; GENLAALNCTES -
X oe .

iy e - — S ALL SORK 10 COMPLY WITH THE ONTAIUD BULLBING cob
-8R TIE TILDING CODE OF CANADA AND ORTARI
Sy AL TION k7
> L___ L ALLC ESHa i ANS AZSL MR AND UAYE
& B, SR e aT e

3 REINFORCHSG STREL 00 DONFORM TO CSA G302 - ME
GRALE 4 DEFORMEL BARS

RUCTURAL STEEL SHALL CONFURM 0 CARS-S161-NES ANI i
CAN 3-310.21-M5 !

5 MINIKUM CONCRETE COVER TO STEEL KEINFDRCING S/3ALL i
EE

MEATEE T
P e
e e el SEE

| ssrien B o St

o) EOR BOTTOM REIFORCING DN SLAVS O SEDROCK oo
FOR ALL OTHER REINEORCH 1 e
6 FORBONDING MEW CONCRETD tU 0LD CONCRETE, USE

. BRUTEN 17 BOKPIRG AGENT BY WASTER BUILOERS

Zmove BEmasaTe |
e, Tt

s % COMPLY WITH 34 S O 01 PRACHOR OF SAFETY
ok B2 DEMOLFTION (1
oo ol prriyois ool SR

R BLASTING OPERATIONS 4RE NOT PERMITIED

ancares LadsTienn

o . PREVENT DAMAGES OF ARJACE LN OF THE
ar e | Soman STRUCTURE. MAKE GOOD DAMAGE CAUSED BV DEMOTITION
meth -
o e o 5 o Dimr et H, AT ENG OF TACH DAY'S WORK, LEAVE WORK 1N Axiy
A : o, SR T LRI 40 TBAT G PART 15 (N IARGRT OF
st Fe e o e TOPPLING GR FALLING
b == g f DISPOSE OF MATERIALS NOT DESIGNATED FOR SALVAGE OR
: e RE-USE IN WORK, OFF-8ITU
_— ‘ 5 r 1. UPON COMPLETION CF WORK, EUMOVE D HIIS AND LEAVE
- 8= b SITE CLEAN, REINSTATE AREAS OUTSIDE AREAS OF
i N BEMOLITION TO CONDITIONS THAT EXISTED PRIOIL 1D
COMMENCEMENT OF W
e
S
Ak i
SOLIE RECTANGUL AR —+ W i s .
L UM MEGNEDLE Boo ST BT 00 oo 300 \gao | TI7™ Sea [l In oo 2
STEES 0PSD. 40E.0 Bon Sun *% Bea CE " J(* [: 4 L2 Pl v} BAa * f
X 1 | | ! ] i 1 1w o w06
L | I Y oa
PLany i | NS M e il T N CoRRGET v,
oy s st |5 W avar Lun
) BT s S ETmmASS Y]
1 pv\ hxt-Ew g 4 T Ws. FIRre :
: [t i M e o e
| | ECESIALR T Y VR cranz
i ! D] Lisasron an, b, GooenED e e Loas
i ook g
e} <1 46 | Sromians SresL
B Ermsgand Samots 21002, %
P - 2o e
- e e

RAMEE BESTOOL T Fuar - a3 I semon germen
& ook | BED Diaffn, SLBOG-Py o
Sary i dognpan Gimin

5
ol

|

?

sernaie

P

i T ST ALRE T

B o 5
To C oeaTEn BromiE pE Gusr Bemma
e aatEs FESTIE 07 ENCAVETED BEDEILC

Bl

| : it e el

Anproved

LAKEHEAD REGION o Proctor & defern Lir
CONSERVATION AUTHORITY e

BOULEVARD LAKE DAM -
FISHWAY

@ Engimesrs & B

MBUEIFORTENGER il Structural Plan And Sections

Fawiy

Figure B-7. Structural details from original construction drawings (Drawing No. A1-91508-S1).

Page 29



Ao e

.
wae 7 e s
Ll T 38

|

|

3w e
Boe ..L‘.;a.... Bow /G- 1,3..,

T L
P e Des. 3150 -

S T § s s Samam,

" mcaTEe PRORILL o8 TxieT BEBEser — -

e SecTion .

A aTER TamERaRT Frueraen
GLas TR FT R weTeL TG +
GRS ComTIOSD N agrieSediE
e awem Crots, !

LR Des W LT PR T
[

Tarm DA —— AR & B
o S T e © 4 e ettuim
[ERE g

(B 0 Ba oz

1o g feo veTT EE T

L e e, T
e ey
2 Motin P,

)
1);

7 s v G e e
o e |

ey e romeih o 1
e
iy ey |
:

SOLID RECTANSULAR

. ALUMUNIN MARHOLE
SjEps oS 36a5T
il

0%

/, PEAE S

Recs Fack vames.
SRR

o
P S T,
BEE SECTAL Vsa FR
2

o

- gEANLAR
Chi

2y e

R~
DOTT. 2eE T

= ¥ R

B SO SR

LAKEHEAD REGION
R s At - CONSERVATION -AUTHORITY- -

§ BOULEVARD LAKE DAM -
FISHWAY

Strueturol  Sections

RECIAC DWG

ISSUED FOR TENDER

a8 WOTED

Rewision

Figure B-8. Structural details from original construction drawings (Drawing No. A1-91508-S2).

Page 30



	FISH LADDER MODIFICATIONS FOR BOULEVARD LAKE DAM
	1 Introduction
	1.1 Objectives

	2 Background
	2.1 Dam operation
	2.2 Existing fishway design

	3 Hydraulic Analysis
	3.1 Hydraulic design parameters
	3.1.1 Flow regime
	3.1.2 Flow depth over weirs
	3.1.3 Pool energy
	3.1.4 Hydraulics of the existing design

	3.2 Modifications
	3.2.1 Orifices
	3.2.2 Flash boards
	3.2.3 Fish counter

	3.3 Recommended modifications
	3.3.1 Tier 1 modifications
	3.3.2 Tier 2 modifications
	3.3.3 Tier 3 modifications
	3.3.4 Pool hydraulics
	3.3.5 Attraction flow
	3.3.6 Installation notes


	4 Summary
	5 References
	6  About the Authors

