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Introduction
Background

Xeneca Power Development Inc. (Xeneca) is developing eighteen Waterpower Renewable energy
Projects in Northern Ontario under contracts from the Ontario Feet in Tariff (FIT) program, regulated by
the Ontario Power Authority (OPA). As part of the requirements of the FIT contract Xeneca is working
towards the completion of the required Class Environmental Assessments (Class EA) for these projects.
Xeneca contracted ORTECH Consulting Inc. (ORTECH) to conduct a desktop screening level assessment
of the erosion potential for all eighteen projects in support of the overall Class EA process.
A screening level assessment tool was developed to compare conditions under different water depth
scenarios, channel bank angle, channel velocity range and substrate type using available GIS, and
topographic data.

Project Description
The waterpower projects are primarily run-of-river (ROR) type projects with varying storage capacity to
allow for some degree of daily or weekly peaking operation. These projects are therefore referred to as
“modified run-of-river” generating facilities having dominant properties of ROR projects with short term
or limited peaking capabilities.
With “modified run-of-river” operations, a facility would operate at the same rate as the natural flow in
the river (i.e. “run-of-river”) with no variation in upstream water levels due to operation and no manmade variation in downstream flows from those experienced naturally. At other times, a facility would
“modify” the natural flow in the river by storing some of the natural river flow during night time and/or
weekend hours to be used during daytime hours (i.e. on business days from 11 am to 7 pm) when the
need for electricity in the Province is greater.
Run-of-river operation would occur during two (2) types of natural flow conditions:
1) When natural river flows are greater than the maximum turbine capacity (QTmax): Since the
natural flow exceeds the amount of water that can be processed through the turbine, any
excess water is bypassed through the spillway structure. The combined flow of the water used
in the turbine to generate electricity and the water bypassed over the spillway equals the
natural flow. This situation occurs primarily during spring thaw run-off conditions and during
major storm events in the spring, summer and fall.
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2) When natural flows are so low that any available water must be released to protect the
downstream environment: The flow in this situation is typically too low to generate electricity.
This situation occurs primarily in late summer and late winter when natural flows are typically
very low. This situation may also occur during certain years when spring run-off flow is
unusually low and the amount of water available is needed downstream.
Modified run-of-river operation would occur during moderate and low flows when the natural flow in
the river is below the maximum turbine flow capacity (QTmax) but above the minimum flow required to
protect the environment (QEA). During these flow conditions, some of the natural river flow during
nighttime and/or weekend hours can be stored and used to produce electricity during daytime hours.
There are two modes of modified operation as follows:
1) Facility runs at reduced rate at night: When natural river flows are moderate (i.e. between the
minimum (QTmin) and the maximum (QTmax) rate of turbine capacity), the facility runs
continuously, but some of the water is saved during nighttime and/or weekend hours. This
operation results in downstream flows that are smaller than natural river flows during nighttime
and/or weekend hours and larger than natural river flows during daytime hours when electricity
use is higher. However, the minimum flow in this mode of operation is not less than the
minimum turbine capacity (QTmin).
2) Facility is stopped at night: When natural river flows are low (i.e. below the minimum turbine
capacity (QTmin)), the facility will need to stop operation during some nighttime hours and save
water until operation is again possible. The lower the natural river flow, the longer the period of
stoppage will be. When the facility operates, it operates at a rate less than maximum turbine
capacity (QTmax). To ensure that the downstream river reach receives enough water flow to
protect the environment (QEA), the appropriate amount of water is released through a bypass
while the turbine operation is stopped.
Figure 1 below illustrates the mode of operation that occurs depending on the amount of natural flow in
the river.
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Figure 1: Mode of Operation

Note: Figure is for illustrative purposes only

An important factor in modified run-of-river operation is the availability of storage upstream of the
facility. As described in the project description section of the environmental assessments, the amount
of storage created as part of each project is very limited. To achieve the objective of building a project
with limited environmental impact, the conceptual design of the facility limits the height of structure,
the depth and the area of inundation upstream. Consequently, the amount of storage available for
operation is inherently limited in relation the natural flow in the river, thereby limiting the storage to a
few hours during moderate and low flows. The ability to use this storage is further constrained by
environmental constraints outlined in other parts the environmental assessment document. It is the
limited storage that differentiates modified run-of-river projects from hydroelectric projects that create
large storage reservoirs with the ability to store water for weeks or seasons to “peak” when seasonal
periods of hot or cold spells raise the need for extra electricity production. Typically, modified run-ofriver projects have significantly less environmental impact than peaking hydroelectric projects.
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For the purpose of these projects the range of headpond elevations is represented by the upstream
normal operating level (U/S N.O.L.) and the N.O.L. minus 1 m. A summary of additional project features
for the eighteen project sites is provided in Table 1 below.
Table 1: Key Project Features
Installed
Design Flow
Capacity @ FIT
(Qd)
3
(MW)
(m /s)
5.3
68
4.8
52
2.1
16
1.25
7
2.8
57
3.4
64
4.3
50
2.1
49
2
49
7.3
23
2
35.6

Project Name
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Note:

Big Eddy
Half Mile Rapids
Marter Twp
Larder & Raven (Option 1)
Allen and Struthers
Wabageshik Rapid
At Soo Crossing
Cascade Fall
McPherson Fall
Four Slide Falls
McCarthy Chute
Wanatango
The Chute
Ivanhoe: Third Falls (out side conservation area)
Lapinigam Rapids (Buchan Falls) - Option 1
Outlet Kapuskasing
Middle Twp Buchan (Clouston Rapids)
Near North Boundary (Cedar Rapids)

4.67
3.6
5.1
8.2
2.5
5
3.75

50
38
46
49
48
50
60

U/S
N.O.L.
(m)

Tailwater
Project Type
Level
(m)

136
155
196
286
187.5
205
238
248.5
254
284
250

127
144.5
183.5
268
182
199
231.5
242
248.5
255
243

ROR
MROR
MROR
Lake (MROR)
MROR
Lake (MROR)
MROR
MROR
MROR
MROR
Lake (MROR)

259
298
287
294.5
312
274
259

250
288.5
278
274.5
305.5
260.5
250

MROR
MROR
MROR
MROR
Lake (MROR)
MROR
MROR

ROR= Run of River
MROR= Modified Run of River
Lake (MROR)= Modified Run of River with Lake

Screening Level Methodology
The erosion potential screening assessment relies on a series of matrices covering a wide range of
channel conditions and substrate combinations that represent the range of combinations at the
eighteen waterpower sites. Substrate combinations are summarized in Table 2 with bolded values
representing the dominant substrate type.
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Table

2:

Substrate

Combinations
% Substrate Composition
Bedrock /
Scenario #
Boulder /
Gravel
Sand
Silt clay
Cobble
1
100
2
100
3
100
4
100
5
75
8.3
8.3
8.3
6
8.3
75
8.3
8.3
7
8.3
8.3
75
8.3
8
8.3
8.3
8.3
75
9
50
16.6
16.6
16.6
10
16.6
50
16.6
16.6
11
16.6
16.6
50
16.6
12
16.6
16.6
16.6
50
13
25
25
25
25
14
50
50
15
50
50
16
50
50

Each substrate combination was modeled using hydraulic geometry and vegetative protection
relationships indexed to rating scores, normalized on a 0 to 10 scale, as established in the bank erosion
hazard index (BEHI) method. The overall rating represents conditions ranging from very low (0 – 1.9) to
extreme (> 9.0) erosion potential based on how the noted physical and mechanical variables work
together to provide natural erosion resistance and dynamic channel stability (AquaLogic, 2011).
The ranges of parameters considered in the assessment are provided in Table 3.
Table

3:

Erosion

Potential Data Inputs
Parameter
Bank Height
Flow Depth
Rooting Depth
Rooting Density
Bank Angle
Vegetative Bank Face
Protection

Value
equal to flow depth
0.5 m - 6 m
2m
50%
15 - 55 degrees
50%

A detailed analysis of a 40 km section of the Kapuskasing River was conducted and the range of
conditions observed along this project was used to represent typical average site conditions. Rooting
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depth was assumed as an average of 2m, and rooting density and bank face protection as 50%,
reflecting the range of scrub to treed conditions in shallow to medium depth soils for Boreal Forest on
the Canadian Shield.
Bank angles representing conditions steeper than typical stable slope equilibrium and higher than 2m,
under the noted average vegetative cover conditions, were excluded from analysis because they are
considered erosion prone and unstable under all flow scenarios.

Applying the Screening Methodology
Erosion potential scenarios were assessed for each substrate type combination shown in Table 1 with
incremental flow depth and bank angles applicable over a range of channel velocities. The resultant
index scores are provided in Attachment 1. For each substrate combination velocities below the matrix
value would represent “very low” erosion potential whereas velocities above the upper range of values
provided would be deemed to trigger sustained erosion potential (AquaLogic, 2011).
Additionally, site areas that are relatively void of significant vegetation should be identified and
referenced to the Hjulstrom Curve relationship for velocity as provided in Attachment 2. The Hjulstrom
curve relationship is used by hydrologists to determine whether a river system will erode, transport or
deposit particles of a given size at a specified channel velocity. This methodology agrees with the MNR
guideline approach of identifying the point of incipient erosion as the threshold of channel stability
(OMNR, 2002) for channel banks generally less than 2 m high.
The following steps were used in developing the erosion potential assessment for each project site:
1) A slope analysis map was produced for each project site based upon topographic
information in the form of 0.5 m LIDAR contour data;
2) Slopes were categorized in ten degree intervals corresponding to the erosion sensitivity
scoring system (15 to 55) degrees;
3) Surificial geology mapping was overlaid onto the slope analysis map;
4) Surfical geology for each project site was placed into one of the sixteen categories used in
the erosion sensitivity scoring index as provided in Attachment 1, and
5) Areas deemed as having the potential for “moderate” erosion potential or areas requiring
additional analysis were identified by blue circles.
Based upon the above approach the following project sites may have areas adjacent to the waterbody
requiring additional analysis or “moderate” erosion potential:
•
•
•

Big Eddy
Half Mile Rapids
Lapinigam Rapids
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•

Near North boundary

Erosion potential mapping for all project sites is provided in Attachment 3.

Conclusions
Erosion potential scenarios were assessed for each substrate type combination shown in Table 1 with
incremental flow depth and bank angles. The resultant index scores are provided in Attachment 1.
Modelling results indicate that:
•
•
•
•
•
•

Good channel stability is generally found under all conditions for bedrock/boulder/cobble
scenarios, as typical of most watercourses;
Good stability conditions in aggregate and soil substrates is generally due to the positive
influence of vegetative cover supplying additional reinforcement;
Silt clay conditions are considered to have lower sensitivity to erosion than sand and gravel
conditions which is an inherent result of cohesive properties;
Any shift in velocity to above the identified stability range from one flow scenario to another
would require a more detailed analysis;
For flow depths of 1 m or less, which are proposed under the site operating plans, 100%
sand and 75% sand + 25% “mixed” substrates have a potential for “moderate” erosion
impacts under specific bank angle and flow velocity conditions, and
All other substrate combinations, within the prescribed velocity ranges, for flow depths of 1
m or less are predicted to have either “low” or “very low” erosion potentials when bank
angles are 45 degrees or less.

Comparative flow depth scenarios (existing and proposed) are possible using the screening
methodology. This is typical of dynamic integrated stability under existing conditions representing
decades and/or centuries of long term natural cycles and processes acting on a watercourse. Any
identified shift from “very low” to “low” or from “low” to “moderate”, under a manmade change in flow
depth could be generally reflective of an equivalent natural peak flow event that the system is already
adjusted to (AquaLogic, 2011).
The methodology presented in this report is a desk top screening level review tool so the assessment is
by no means an exhaustive review of all physical, temporal and unknown factors.
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Table A3: Project Site Surficial Geology and Erosion Potential

Geological Formation
Fluvial Gravel
Sand
Bedrock
Bog Deposits
Glacial Gravel
Glacial Till
Ice Contract Drift
Granite
Gneiss
Ultramafic Rock
Volcanic, Sedimentary Material
Batholithic Intrusives
McKim Formation
Mississaji Quarizite
Ramsay Lake Conglomerate
Schistified Volcanics, Clastic Sediments
Basic Intrusives
Noritic "Basic Edge" Differentiate
Nickel Bearing Irruptive
Onaping Tuff
Transition Zone (Tuff / Irruptive)
Schist Complex
Transition Material (Schist / Intrusives)
Glasiolacustrine Deposits
Glaciofluvial Outwash Deposits
Glaciofluvial Ice
Fluvial Deposits
Beach
Cloustan Silt
Wadsworth Rock Upland
Drumlins
Hanging Cliff
Lisgar Silt
The Flutes
Ablation
Allenby Lake Clay

Substrate
Category

Upper
Velocity
Range (m/s)

Project
Site #

2, 6
3
1
7
2, 6
7
7
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
4, 16
4, 16
4, 16
4, 16
3, 7
4
1
13
1
4
1
13
4

1.5
1.1
2.5
1.1
1.5
1.1
1.1
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
1.5
1.2
1.2
1.2
1.1
1.5
2.5
1.7
2.5
1.5
2.5
1.7
1.5

1, 2
1, 2
2, 13
2
2
2
2
3
5
6
7
7, 8, 10
7
7
7
7, 8
8, 10
8, 9
9
9
9
10
10
12, 14
13
14
14
15, 18
15, 17, 18
15
16
16
16
17, 18
18
18

Erosion Sensitivity at Flow Depth of 1m
Additional
Analysis
Very Low
Low
Moderate
Required
<45
>45
<25
25 - 45
>45
<55
<25
25-45
>45
<45
>45
<25
<25
25-45
>45
<55
<55
<55
<55
<55
<55
<55
<55
<55
<55
<55
<55
<55
<55
<55
<55
<55
<55
<55
<55
<25
25-45
>45
<55
<55
<45
>45
<55
<55
<55
<45
>45
<55
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Larder & Raven – LIDAR Data not Available
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McCarthy Chute – no LIDAR Data available
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Preliminary Erosion and Sediment Control Plan

Erosion is defined as the process where individual soil particles are detached from the ground,
whereas sedimentation is defined as the subsequent transport and deposition of the detached soil
particles. In order to prevent and mitigate potential erosion and sedimentation, a preliminary
sediment and erosion control plan is proposed below.
Surface soils can be disturbed throughout the construction sites due to excavation, vegetation
clearing, topsoil and subsoil stripping, grading and use of heavy machinery. These activities have
the potential to increase soil erosion due to exposure of bare soil (not protected by vegetation) to
the effects of water (rain, river flow) or wind.
Measures preventing erosion from occurring such as proper construction phasing, minimizing the
size and duration of soil disturbance and exposure and re-vegetating or stabilization as soon as
possible after disturbance are all identified as effective erosion control measures. Sediment
control measures are the last line of defense and are implemented to ensure that eroded soil
particles are not transported off site or to watercourses. Sediment control measures include silt
fences and instream silt curtains to trap and retain sediments.
The main mitigation measures for potential erosion and sedimentation will include:
• Minimize the size of the cleared and disturbed areas at the construction site. Install fencing to
prevent the contractor from operating outside the defined construction area.
• Phase construction to minimize the time that soils are exposed.
• Maximize the retention of the existing vegetation cover, including the woodlot ground cover,
when trees are to be removed. Fencing should be installed outside the drip line of residual trees,
where possible. Grubbing should only be conducted where absolutely required.
• An adequate supply of erosion control devices (e.g., geotextiles, revegetation materials) and
sediment control devices (e.g., in-water silt barriers, straw bales, silt fences) to be provided on
site to control erosion and sedimentation and respond to unexpected events.
• Divert runoff from the temporary and permanent access roads through vegetated areas or into
properly designed and constructed sediment traps or a drainage collection system and temporary
settling pond to ensure that exposed soils are not eroded. Runoff velocities in ditches or other
drainage routes, or along slopes, to be kept low via proper installation of flow velocity control

measures such as rock check dams, to minimize erosion potential. Runoff discharge locations to
be protected with erosion resistant material, if required.
• Grade disturbed slopes or stockpiles to a stable angle as soon as possible after disturbance to
eliminate potential slumping. Use seeding, mulching, sodding, matting, terracing or riprap for
additional erosion control.
• Revegetate or stabilize exposed sites as soon as possible after they have been disturbed, using
quick growing grasses or other native vegetation species. Where re-vegetation is not possible,
other erosion protection methods, such as riprapping, bioengineering, or erosion matting would
be used.
• Place excavated erodible material stockpiles in suitable designated areas away from the river or
other watercourses (i.e., outside the floodplain, away from drainage channels) and install
properly constructed silt fences around the stockpiles to limit the transport of sediment.
•Implementation of these mitigation measures is anticipated to be effective in minimizing soil
erosion and off-site transport from the construction area. Monitoring will be conducted by a
qualified firm throughout the construction period to assess erosion, the effectiveness of
mitigation measures and remedial requirements to account for any unforeseen circumstances. A
detailed Erosion and Sediment Control Plan for the site including drawings and background
information will be developed before the start of construction of the project.
Engineering mitigation measures will be implemented to ensure that all riverbanks disturbed
during construction will be stable over the long term. No long-term impact on bank stability is
anticipated as a result of these activities. Areas of possible concern flagged in the Erosion and
Sediment Control Plan would be monitored during construction or operation, as required.
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Executive Summary
Xeneca Power Developments Inc. (Xeneca) proposes to develop two hydroelectric generating stations on
the Ivanhoe River in Northern Ontario – one at The Chute rapids, and the other downstream, at Third Falls.
As part of the Ontario Ministry of Natural Resources (MNR) and Fisheries and Oceans Canada permitting
processes, Xeneca completed an extensive amount of work for an initial Environmental Assessment (EA),
with the primary aim of addressing concerns over impacts to fish habitat within the system. Further review
by the agencies indicated that fluvial geomorphic studies should be included in the assessment, and
therefore, Parish Geomorphic Limited (PGL) was retained to provide insight on channel processes along
the river. Specifically, PGL’s work focuses on determining and quantifying bank and bed erosion potential
and general sediment transport associated with the dam site.
Tasks for this project included conducting a reach-based synoptic survey (Rapid Geomorphic
Assessment) and collecting detailed cross section and sediment data to extend existing topographic data
(e.g., Xeneca LiDAR and bathymetry) and assess potential sediment transport and bank erosion issues for
the hydroelectric corridor. Sediment size distributions were characterized for existing Xeneca hydraulic
modeling (HEC-RAS) cross-sections, PGL cross-sections, exposed bars, and tributary fans along the
reach using a combination of Wolman (1954) pebble counts, Ponar sediment samples, and visual
observations. The sediment data was combined with output from Xeneca’s 1-D HEC-RAS hydraulic model
to evaluate sediment entrainment potential along the study reaches. The data were also lumped by reaches
of similar geomorphology and input into a sediment budget tool, HEC-RAS’s Sediment Impact Analysis
Method (SIAM) extension, to evaluate sediment movement from reach to reach, including potential erosion
and aggradation. Bank erosion potential was also evaluated in the field and with a basic LiDAR model that
identifies locations where erosion might be a future problem.
The surface geology of the area has largely been dominated by glacial processes, and includes areas of
exposed metamorphic bedrock, glacial lake, outwash, and till deposits, and more recent wetland deposits
(marl, peat, etc). The region upstream of the proposed facility at the Chute is primarily a low relief terrain
composed of silty alluvial material flanked by sandy glaciofluvial deposits (e.g., glacial delta and eskers) to
the west and moraine deposits to the east. Bedrock appears to be relatively shallow in the area.
Immediately downstream (north), glaciofluvial deposits dominate both sides of the river. Within the valley
near the Chute site, the terrain map suggests the channel runs through alluvial deposits. At Third Falls,
sandy glacial lake and alluvial plain deposits dominate the upstream topography, with increasing peaty
organic deposits located towards the site. The organic terrain continues downstream, although an esker
deposit crosses the channel well below the site. As at the Chute, bedrock is at or close to the surface, and
the channel through the Third Falls study area is broken by short reaches of exposed bedrock. The
bedrock sections at both sites control the energy grade, leaving long stretches of relatively flat water
upstream, and where exposed, forms shorter sections of rapid, turbulent, and steep channel. Vegetation
adjacent to the channel consists primarily of thick stands of cedar.
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Detailed cross-section data were collected across the channel at sites up- and downstream of the
proposed dam locations. For the Chute cross-sections, measured bankfull channel widths averaged 75m.
Mean average depth was 2.4m and mean maximum depth was 4.1m. At Third Falls, bankfull widths
ranged from 47m to 59m. Mean average bankfull channel depths were 4.2m with maximum depths
between 7m and 8.5m. The measured gradients at the detailed sites were low (0.05%).
The collected cross-section data provided consistent flow results. Using a Manning’s roughness value of
0.035 for the cross sections, bankfull discharge was estimated at 255cms at the Chute site and 280cms
for the Third Falls sites. These values are greater than the estimates of the two year return period flow for
these sections of the Ivanhoe River (~200 to 250cms), which is likely due to the backwater conditions
which partly define both reaches and (or) errors in measuring such small energy gradients. Mean average
bankfull velocities were 0.8m/s. Average maximum bankfull velocities were 1.2m/s. These flows produce
mean average shear stresses of 9N/m2 at the Chute detailed cross-sections, and between 5 and 7N/m2 at
the Third Falls detailed sections.
The bed along the entire study reach appears to be primarily fine material, with sections of exposed or
thinly veiled bedrock, and bedrock and boulders in the rapid sections. The fine material tends to
accumulate in the backwater areas upstream of rapids, and in local areas of flow separation (i.e., eddies,
point bars). The median grain size (D50) for samples collected at both study reaches was 0.5mm (medium
sand). The 16th and 84th percentile (D16 and D84) grain diameters along the Chute study reaches were
0.02mm (very fine sand) and 90mm (cobbles), respectively. Along the Third Falls reaches, the 16th and
84th percentile (D16 and D84) grain diameters were 0.05mm (very fine sand) and 20mm (gravel),
respectively.
During the data collection process, bank conditions were noted, including general vegetation cover,
sediment conditions, notable erosion scars, and other indicators of bank instability. Very few signs of
channel instability were observed during the field reconnaissance, and the RGA values suggest the channel
is in “regime”. The few eroding banks or lateral bars observed along the reach were localized issues, and
not always directly related to channel dynamics. Mature vegetation lined both sides of the Ivanhoe River,
and rapids sections were protected by boulders and bedrock. In the longer, backwater reaches, energy
gradients were generally very small and bank angles were moderate (2.5:1) with consistent channel
dimensions, indicating that little hydraulic bank erosion activity is likely occurring. At least one hillslope
failure was observed along the valley wall, but it appeared to be linked to hillslope activity, as opposed to
channel adjustment. A basic, screening level erosion potential index was created and implemented using
the LiDAR data. The results matched field observations and provide locations for future mitigation or
monitoring. They suggest that erosion potential at The Chute generating station site is relatively low. At
the Third Falls site, steep slopes downstream of the proposed facility have a relatively high potential for
erosion, especially associated with hillslope processes.
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Constructing the Ivanhoe River Hydroelectric Generating Stations will likely only accentuate existing
channel processes in the study area. The backwater areas will get deeper and slower with less energy,
likely resulting in siltation of smaller rapids drowned by the dam’s’ headpond. Sediment will also likely
deposit over time at the upstream end of the headponds and in the areas immediately upstream of the
dams. Some scour may also occur in the upstream portions of the headpond/backwater areas, but even
these areas are relatively well armored and the eroded sediment will not likely travel far, making any
impacts “local” in nature. Because the system is likely sediment limited, the rate of infilling of the
headponds is not predictable with the current data. Gravels are relatively scarce in the study reach, so
they shouldn’t accumulate quickly. Sand appears to be transportable through the Third Falls headpond, so
infilling there should be relatively slow. At The Chute site, the river can just move 1mm sands and smaller
material, suggesting that some accumulation of sands will likely occur, but that the rate of headpond filling
will be relatively slow.
An analysis of erosion potential indicates that the water level fluctuations associated with dam operations
should not have major impacts on the channel banks in the headponds. Immediately downstream of The
Chute, the bedrock and boulder sections appear to be well armored and should be able to withstand the
variable flows supplied by the dam during operations. At the Third Falls facility, the operating plan will
result in controlled flows downstream that match the inflow upstream of The Chute site and are therefore
consistent with the current hydrological record. Due to this, erosion downstream of the tailrace area of the
Third Falls facility should not be altered significantly from existing conditions and the overall
geomorphology should be maintained.
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1. Introduction
Xeneca Power Developments Inc. (Xeneca) proposes to develop two hydroelectric generating stations on
the Ivanhoe River in Northern Ontario: one at The Chute and another at Third Falls. As part of the Ontario
Ministry of Natural Resources (MNR) and Fisheries and Oceans Canada permitting processes, Xeneca
completed an extensive amount of work for an initial Environmental Assessment (EA), with the primary aim
of addressing concerns over impacts to fish habitat within the system. Further review by the agencies
indicated concerns about erosion on the Ivanhoe River system and it was indicated that a fluvial
geomorphic study should be included in the assessment. Parish Geomorphic Limited (PGL) was retained
to provide insight on channel processes along the river.
Specifically, PGL’s work focuses on determining and quantifying bank and bed erosion potential and
general sediment transport associated with the proposed Ivanhoe River Hydroelectric Generating Stations.
The idea was to create a basic sediment budget for each of the rivers, using a combination of previously
conducted stream surveys, hydraulic modeling, and newly collected bed and bank sediment data, so that
the proposed hydroelectric plant’s impacts on river processes can be assessed. Additional work was
done to help fill in gaps for the earlier EA study. The major aims of the study are defined below:
•

•

•
•
•

Review previous documents, historical aerial photographs, and mapping (including previously
collected bathymetry and LiDAR data). The review will focus on environmental setting and channel
stability.
Describe existing channel conditions in the vicinity of the proposed dam sites, including existing
areas of channel or bank instability, or areas where potential issues may arise (i.e., major changes
in bed material, bars, bank failures, etc).
Collect sediment-size distribution data at established cross-sections (e.g., HEC-RAS stations) for
channel characterization and entrainment/transport modeling.
Add data to stage-discharge relationship curves, by collecting flow velocity data at stations where
pressure transducers are currently monitoring flow stage (i.e., water surface elevation).
Integrate the above information, as well as work previously completed for the EA, to assess
possible impacts to the channel associated with the dam projects.

Ivanhoe River Hydroelectric Generating Stations Geomorphic Assessment (Ref: 01-12-72/01B)

1

2. Background Information
2.1 Site Location
The Chute Hydroelectric Generating Station Project is located on the Ivanhoe River, approximately 85km
west of Timmins and 15km north of Highway 101. The Third Falls Hydroelectric Generating Station is
located on the Ivanhoe River, approximately 79 km west of Timmins and 46 km north of Highway 101,
about 40km downstream (north) of the proposed site at The Chute (Figure 2.1).

Figure 2.1: General Site Map for the study area.
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2.2 Proposed Conditions
The Chute is located upstream of the Third Falls site and the two facilities will be operated together. The
proposed Chute dam site is located within a rapid formed where the river has cut into bedrock. Along the
channel, the rock obstructs flow, forming backwater or ‘dead waters’ upstream and a steep,
bedrock/boulder rapid downstream. Because the proposed dam will sit within the rapid, the upstream end
of the bedrock section and the existing backwater will form the headpond area, which will extend
approximately 6.4km upstream and cover approximately 59ha (at long-term average flow). The Third Falls
Dam will also be situated along a bedrock rapid, downstream of The Chute. The upstream backwater for
Third Falls will extend 44km upstream and cover 265ha. The headpond area and storage capacity of the
Chute headpond is much smaller than Third Falls.
The Chute facility is proposed to operate as a modified run-of-river facility. At times, it would operate as
run-of-river with no variation in upstream water levels due to operation and no human-created variation in
downstream flows from those experienced naturally. During low and moderate inflows, the facility will
modify natural flow in the river by storing part of the flow during the nighttime and increasing flow during
the daytime. In order to minimize the environmental impacts, the daily flow fluctuations will be constrained
such that the variability in flows and the fluctuation in levels are limited. There will be a maximum 1m level
fluctuation in the headpond and peaking facility.
At Third Falls, the facility is proposed to be a run-of-river project and is to be operated such that flows are
“re-naturalized”. The Third Falls headpond is to buffer inflows which are either above or below natural
inflow rates. This facility will act to provide a flow regime downstream that is consistent with the current
hydrological record. The upstream operating parameters at Third Falls headpond invovles a maximum
0.3m fluctuation in water level. Operation of Third Falls as a run-of-river facility to re-naturalize river flows
will restrict the the downstream zone-of-influence to an area in the vicinity of the tailrace and prevent it
from extending into the boundaries of the downstream Northern Claybelt Forest Complex Conservation
Reserve.
A more detailed description of the proposed dams and their operations are provided in the Project
Description Documents (Xeneca 2010a,b), Operations Plan (Ortech, 2013), and the HEC-RAS steady and
unsteady modeling reports (CPL 2012A,B).
2.3 Water Resources
As river flows have not been measured or monitored in the past at either of the proposed sites, it was
necessary to synthesize a long-term flow series at each location using flow records at other gauges on the
Ivanhoe River and on other rivers in the region. In order to synthesize flow series at The Chute and Third
Falls sites, Water Survey of Canada (WSC) records were used; the data from a station with a long flow
record (Groundhog River at Fauquier –04LD001) was adjusted to match the flow patterns at a second
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more representative station (Ivanhoe River at Foleyet – 04LC003) for which the flow record was not
adequately lenghty for a full analysis (Hatch, 2009).
2.3.1 The Chute
The drainage area at The Chute is 2723 km2. The mean annual average flow at The Chute is 29.7cms with
higher flows associated with the spring snowmelt period and lower flows during high summer (e.g.,
August and September) and cold winter weather (e.g., February and March; Table 2.1). The two year
recurrence interval peak flow, which is often used to represent “bankfull” conditions, is approximately
206cms and the 100 year flood exceeds 500cms (Table 2.2). Extreme low flows (7-day average flow
minima) are under 10cms, with 7Q2 value of 4.42cms.
Table 2.1: Monthly Mean Water Flows
Month

Mean Monthly Flows (m3/s)

January

18.3

February

13.7

March

12.7

April

70.4

May

79.9

June

31.7

July

18.4

August

12.7

September

10.1

October

31.0

November

31.4

December

31.8

.
Table 2.2: High and Low Flow Return Periods
Return Period (Years)

Flood Flows (m3/s)

Extreme Low Flows (m3/s)

1.25

146.8

7.01

2

206.4

4.42

5

286.6

3.04

10

339.7

2.49

20

390.6

2.09

50

456.6

1.71

100

506.0

1.48
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2.3.2 Third Falls
At Third Falls, the drainage area is 3242 km2. The mean annual average flow at the site is 35.7cms, with
high flows associated with spring snowmelt runoff, and low flows associated with dry summer weather
(e.g., August and September) and cold winter weather (e.g., February and March; Table 2.3). The 2-yr
flood is estimated at 248cms, and the 100-yr flood is predicted to be slightly larger than 600cms (Table
2.4) Extreme low flows (7-day average flow minima) are under 10cms, with a 7Q2 value of 4.42cms.
Table 2.3: Monthly Mean Water Flows
Month

Mean Monthly Flows (m3/s)

January

22.1

February

16.5

March

15.3

April

84.8

May

96.2

June

38.1

July

22.1

August

15.2

September

12.1

October

37.3

November

37.8

December

38.3

Table 2.4 High and Low Flow Return Periods
Return Period (Years)

Flood Flows (m3/s)

Extreme Low Flows (m3/s)

1.25

176.7

8.43

2

248.4

5.31

5

345.0

3.66

10

408.9

2.99

20

470.2

3.52

50

549.6

2.06

100

609.1

1.80
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2.4 Physiography
The Ivanhoe River watershed lies in the Cochrane and Sudbury Districts, between Halsey Township, and
the river’s confluence with the Groundhog River. The surface geology of the area has largely been
dominated by glacial processes, and includes areas of exposed metamorphic bedrock, glacial lake
outwash, till deposits, and more recent wetland deposits (marl, peat, etc). Engineering Terrain maps
(Terrain Map; Roed and Hallet, 1979; Figure 2.2 and Figure 2.3) show the generalized geomorphology
surrounding the dam sites.
The region upstream of the proposed facility at the Chute is primarily a low relief terrain composed of silty
alluvial material flanked by sandy glaciofluvial deposits (e.g., glacial delta and eskers) to the west and
moraine deposits to the east. Bedrock appears to be relatively shallow in the area. Immediately
downstream (north), glaciofluvial deposits dominate both sides of the river. Within the valley near the
Chute site, the terrain map suggests the channel runs through alluvial deposits, although the actual site
appears to be located in a section dominated by sandy glacial fluvial material. The channel through the
study area is occasionally broken by short reaches of exposed bedrock. The bedrock leaves long
stretches of relatively flat water upstream, and, it creates shorter sections of rapid, turbulent, and steep
channel where exposed or cut by the river. Vegetation adjacent to the channel consists of thick stands of
cedar.
At Third Falls, sandy glacial lake and alluvial plain deposits dominate the upstream topography, with
increasing peaty organic deposits located towards the site. The organic terrain continues downstream,
although an esker deposit crosses the channel well below the site. As at the Chute, bedrock is at or close
to the surface, and the channel through the Third Falls study area is broken by short reaches of exposed
bedrock. The bedrock sections control the energy grade, leaving long stretches of relatively flat water
upstream, and where exposed, the bedrock forms shorter sections of rapid, turbulent, and steep channel.
Vegetation adjacent to the channel consists of thick stands of cedar.
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Figure 2.2: Surface Geology and Terrain for the Chute GS site.
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Figure 2.3: Surface Geology and Terrain for the Third Falls GS site
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2.5 Previous Work
In order to provide a broader context for the fluvial geomorphology assessment, a background review of
available resources was undertaken. The majority of existing documentation pertaining to the Ivanhoe
River comes from the previous Environment Assessment work conducted by Xeneca (2010-2012).
Additionally, a one-dimensional hydraulic model (HEC-RAS) and additional spatial data were also supplied
by Xeneca to help complete the current study. A description of the data follows in the subsequent
sections.
2.5.1 Bathymetric Data
Bathymetric data for the Ivanhoe River study area were collected November 7, 2011, by BPR Engineering.
River Channel elevations were measured with a combination of total station/GPS surveys and sonar
measurements while wading or boating. The data were collected at multiple cross sections along the
channel, with tighter spacing at proposed dam sites, and additional data were collected between these
cross sections. The data was collected primarily for constructing and improving the 1-D hydraulic model
for the Ivanhoe River Hydroelectric Generating Stations project.
2.5.2 LiDAR Contour Information
A Light Detection and Ranging (LiDAR) survey was flown by Terrapoint on June 22 and 25, 2009. This
survey was used to develop a contour map for the study area and provide the elevations above river level
in the HEC-RAS models.
2.5.3 Existing Hydraulic Model (RJ Burnside 2011, CPL, 2012A,B)
R.J. Burnside & Associates Limited (Burnside) issued the Headpond Inundation Mapping – Ivanhoe River
Site #13 – The Chutes Hydraulic Report and the Headpond Inundation Mapping – Ivanhoe River Site #14
– The Third Falls Hydraulic Report to Xeneca Power Development Inc. in 2011. Canadian Projects Limited
(CPL) expanded the modeling to include additional LiDAR and bathymetric data and to evaluate channel
hydraulics in environmentally sensitive areas during low flow scenarios (2012A,B). The river reaches in
the Hydraulic Engineering Center River Analysis System (HEC-RAS, version 4.1) model in the vicinity of
the hydropower development sites are much better represented, with tighter spacing between crosssections, whereas cross sections between the two sites are often more than 1 km apart. Each section
was based on a combination of a LiDAR (topography) survey for the overbanks and a bathymetry survey
for the underwater geometry. The remaining cross sections were based on the LiDAR survey for the
overbank areas plus a generic below water geometry which was based on a single surveyed location.
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3. Desktop Assessment
3.1 Reach Delineation
Because channel materials, sediment inputs, valley types, and flow vary along a creek or stream, channels
are often separated into segments, termed “reaches”. Reaches comprise stream segments of similar form
and function. For this assessment, reach breaks were primarily defined by the shear stress outputs from
the CPL (2012A,B) HEC-RAS model runs at the 2-yr return interval peak flow (i.e., approximating bankfull).
At areas of exposed bedrock, shear stresses increase up to 2 orders of magnitude, basically dividing the
channel into backwater reaches and rapid reaches. The proposed dam locations and general
geomorphological changes also factored into the delineations. In general, surface geology and vegetation
remained relatively consistent within the reaches delineated using the stress values. The reaches as shear
stresses are displayed in Figures 3.1 and 3.2, while Figures 3.3 and 3.4 provide map views.
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Figure 3.1: Ivanhoe River – The Chute reach breaks based on shear stress.
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Figure 3.3: Ivanhoe River – The Chute Generating Station Reach Map
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Figure 3.4: Ivanhoe River – Third Falls Generating Station Reach Map
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4. Field Assessment
4.1 Outline and Scope
In order to assess existing geomorphic conditions and document any evidence of channel instability, field
reconnaissance surveys were conducted along key study sections of the Ivanhoe River. It is recognized
that the zone of influence for this project is extensive - the headpond upstream of The Chute will inundate
new area 6.5km upstream of the facility, while there will be a variable flow reach between The Chute and
the Third Falls facility. The zone of influence downstream of the Third Falls site will be restricted to an area
near the tailrace. Due to the extent of the zone of influence, a scoped approach was taken in order to
provide an initial screening of channel processes and river dynamics. PGL evaluated the river from 2km
upstream of the proposed Chute site, to 1.8km downstream of the site. At the Third Falls site, the
assessments were performed from 2.6km upstream of the proposed site to 1.3km downstream. These
reaches were selected based on a number of considerations, including proximity to the proposed facilities,
accessibility and safety, and variation of channel form (e.g. rapids, backwater, etc.).
The geomorphic study would most certainly benefit from further field investigations in which additional
data could be collected throughout the zone of influence to compile a more complete collection of river
characteristics. It is felt however, that an appropriate first step in analyzing river morphology is to
approximate the characteristics at un-accessed sections by using the data that was collected and applying
it to reaches of similar form and function (determined through desktop study and other modeling). Further
field investigations would act to confirm these approximations.
During the fieldwork for the Ivanhoe River, conducted in October 2012, the focus reaches were canoed or
walked and channel conditions and dominant processes were documented. Additionally, channel
geometries and sediment conditions were measured in detail at sites along the reach. The detailed sites
were chosen to coincide with previously surveyed cross-sections used in the HEC-RAS model (i.e.,
bathymetry data), but included additional cross sections and sediment measurements at significant
features (e.g. mid channel bars, armoured sections, etc.).
4.2 Rapid Assessment Methodology
4.2.1 Rapid Geomorphic Assessment
The Rapid Geomorphic Assessment (RGA) was designed by the Ontario Ministry of Environment (2003) to
assess stream channel stability. It is a qualitative technique based on the presence/absence of key channel
indicators of instability such as exposed tree roots, bank failure, excessive deposition, etc. The various
indicators are grouped into four categories indicating a specific geomorphic process: 1) Aggradation, 2)
Degradation, 3) Channel Widening, and 4) Planimetric Form Adjustment. Over the course of the survey,
the existing geomorphic conditions of each reach are noted and the presence or absence of specific
geomorphic indicators is documented. Upon completion of the field inspection, the indicators are tallied
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within each category and the subsequent results are used to calculate an overall reach stability index. This
index corresponds to one of three stability classes representing the relative degree of channel adjustment
and (or) sensitivity to altered sediment and flow regimes (Table 4.1). For the current study, the rapid
assessment approach is considered a suitable synoptic level survey assessment for overall channel
stability and the method used has been revised for use in the rivers surveyed (i.e. non-urban rivers).
Table 4.1: RGA Classification (Ontario Ministry of Environment, 2003)
Factor
Value

Classification

≤0.20

In Regime or Stable (Least
Sensitive)

The channel morphology is within a range of variance for streams of similar
hydrographic characteristics – evidence of instability is isolated or associated
with normal river meander propagation processes

Transitional or Stressed
(Moderately Sensitive)

Channel morphology is within the range of variance for streams of similar
hydrographic characteristics but the evidence of instability is frequent

In Adjustment
(Most Sensitive)

Channel morphology is not within the range of variance and evidence of
instability is wide spread

0.21-0.40
≥0.41

Interpretation

4.3 Reach Characterization
4.3.1 Reach descriptions – The Chute
The field assessment for the Chute site involved approximately 3.8km of the Ivanhoe River, from the
downstream end of an island (mid-Reach 2, IC2), below an upstream road crossing, to a point
approximately 1.8km downstream of the site (Reach 6, IC6). Appendix A exhibits photographs taken
during the field event. Note: the term right or left when referring to the river banks indicate on which side of
the channel the bank is when facing downstream.
Reach 1 (IC1)
Reach 1 begins approximately 2.7km upstream of the proposed The Chute dam site. It includes a rapid
and a road crossing. This reach was not investigated during the October 2012 field outing.
Reach 2 (IC2)
IC2 is a relatively sinuous, slow moving reach of the Ivanhoe River study area and contains islands and a
few bank attachment bars. The banks along this reach consist primarily of sand and silt and are well
vegetated with tall grasses and woody shrubs, however at the downstream end of the reach, nearer to IC3
(downstream), the channel boundary becomes predominantly bedrock and boulders. Leaning cedar trees
along the channel were also found. The channel bed along the reach comprised a thin veneer of pebbles,
silts, and sands over bedrock. The reach contains two large bars; one is comprised of silt and sands, is
well vegetated with tall grasses and herbs. The second bar comprises small cobbles to boulders and is
vegetated with tall grasses. A tributary feeds into the river just upstream of the second bar. It has a high
gradient with cobbles to boulders and fine sands at its mouth.
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Reach 3 (IC3)
IC3 contains a set of rapids before The Chute. The channel bed is bedrock along the entire reach and the
right (east) bank is completely bedrock along its entire length. Downstream of the rapids, the channel
features a slow moving flow separation pool on the left side of the channel which has a sandy, silty. The
left (west) bank is comprised of sand and silt, and is well vegetated with grasses. The channel is lined with
coniferous and birch trees and small grasses growing within bedrock outcrops.
Reach 4 (IC4)
IC4 is a high gradient, bedrock lined reach containing the Chute (Figure 4.1). The Chute splits into left
(west) and right-side (east) channels with a large bedrock and boulder island in the middle of the channel.
The island is well vegetated with cedar trees. Downstream of the rapids, the bed contains boulders and
cobbles. Banks on both sides of the channels are lined with bedrock and boulders.

Figure 4.1: The Chute (IC4): Looking upstream towards the two channels, with the island in the middle.

Reach 5 (IC5)
IC-5 is relatively straight, flat water, downstream of the rapids and includes a sand-road boat launch at the
beginning of the reach. Along IC5, the bank angles are low, with sand and silt bank material, and the banks
are vegetated with tall grasses and woody shrubs, along with cedar trees. This reach contains a long bar,
approximately 30 m long, consisting of silt to medium sands and is vegetated with grasses.
Reach 6 (IC6)
Reach IC6 is a straight, slow moving, stretch of the Ivanhoe River characterized by 9 detailed PGL cross
sections. This uniform reach has low banks comprising sand and well vegetated with tall grasses and
woody shrubs, along with cedar trees. Bed materials collected using the Ponar grab-sampler were sands
and silt, along with some pebbles. There is a small tributary flowing into the Ivanhoe River approximately
midway along the reach and appears to be a sediment source for fine material (Figure 4.2). At the
downstream end of the reach, aquatic vegetation is present along the channel bed, and there are also large
boulders and scattered cobbles in areas.
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Figure 4.2: Fine sediment entering the channel at low flow from a tributary in IC6

4.3.2 Rapid Assessment Results - The Chute
Table 4.2 provides results from the RGA surveys conducted along the Ivanhoe River in the area of The
Chute. They basically confirm the general site descriptions which suggested the channel throughout the
study area is in regime (stable). The main adjustment processes along the river, according to the RGAs,
was widening, followed by degradation. Neither process is very active. The higher numbers for the
widening factor were primarily based on the presence of leaning and fallen trees and woody debris along
the channel. Although this could be a sign that the channel is widening due to watershed changes in
hydrology, the trait is also typical of northern rivers lined by cedars and may not necessarily be indicative
of major channel adjustments. Degradation scores were driven by exposed bedrock along the channel,
which again, is not always indicative of degradation. In this case, the bedrock channel is likely natural and
not a symptom of instability. Instead, the exposed bedrock implies sediment-limited conditions.
Table 4.2. RGA Results for the Ivanhoe River – The Chute Study Reaches
Reach
IC-2
IC-3
IC-4
IC-5
IC-6

Factors
Aggradation
0.33
0.11
0.00
0.22
0.11

Degradation
0.14
0.29
0.29
0.00
0.14

Widening
0.13
0.25
0.25
0.25
0.25

Planimetric
0.14
0.14
0.14
0.00
0.00

Stability Index
0.19
0.20
0.17
0.12
0.13
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4.3.3 Reach descriptions – Third Falls
The field assessment for the Third Falls site included approximately 3.9km of the Ivanhoe River, from the
upper end of an island upstream of the proposed Third Falls dam site (Reach 2, ITF2) to a set of rapids
downstream of the site (Reach 7, ITF7, Figure 4.3). Appendix B exhibits photographs taken during the
field event.
Reach 1 (ITF1)
Reach ITF1 begins approximately well upstream of the proposed Third Falls dam site. This reach was not
investigated during the October 2012 field event.
Reach 2 (ITF2)
Reach ITF2 is relatively sinuous and is backwatered from a downstream rapid. Vegetation along the banks
is primarily cedars and firs, some of which are leaning towards the channel, which is a common trait of
these trees, and may not be as indicative of bank erosion as with other species. Other vegetation includes
tall grasses and woody shrubs. Bed materials include sand, silt, and clay. Bank materials are primarily
sand and silt. Overall, the reach appeared stable with little evidence of recent channel adjustment, aside
from one location where it appears some hillslope failed (Figure 4.3). Woody debris in the water at the toe
of this area was likely from this failure. The failure appeared to be a geotechnical issue rather than a
hydraulic issue at the toe of the slope. The channel has very little energy in the location and there is little
evidence that the slumped material is being scoured.

Figure 4.3: Reach ITF-2 Looking downstream at right bank, a location of mass wasting

Reach 3 (ITF3)
Reach ITF3 contains the first set of rapids (furthest upstream) and it features a very steep chute along the
right (east) bank. The banks and bed of Reach ITF3 are bedrock and there are large woody debris jams in
the channel, mainly caught on bedrock outcrops mid-channel (Figure 4.4). Vegetation along the channel
includes cedars, firs, birch, and short grasses, with some small shrubs being present on mid-channel
bedrock outcrops. The channel in this reach is bedrock controlled and appears to be very stable.
Ivanhoe River Hydroelectric Generating Stations Geomorphic Assessment (Ref: 01-12-72/01B)
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Figure 4.4: Reach ITF-3 from the top of the reach looking downstream

Reach 4 (ITF4)
ITF4 is the reach downstream of the first set of rapids and the channel widens considerably over this reach
into a pool, before narrowing towards the second set of rapids. In areas immediately downstream of the
rapids, the channel banks are bedrock and boulder-lined. Vegetation that grows adjacent to the channel
includes cedar, fir, and birch trees, and short grasses.
Reach 5 (ITF5)
Reach ITF5 contains the second and third set of “falls” along the watercourse in the area of interest. The
proposed dam lies within this reach and as the channel is bedrock controlled, it appears to be very stable
(Figure 4.5). There is large woody debris located within the reach, particularly deposited on banks.

Figure 4.5: Reach ITF-5: Looking upstream at the Third Falls

Reach 6 (ITF-6)
Reach ITF6 consists of a relatively straight backwater section downstream of the rapids. Similar to the
channel downstream of the first set of rapids (ITF4), it widens out into a wide pool immediately
downstream of the last fall/rapid. On the left (west) bank, at the bottom of a steep valley wall, there is a
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large amount of woody debris (primarily fallen birch trees) in the pool. The bed material in the pool
consists of cobbles, boulders, gravel, and some sand. In the pool, there is a large island on the left side of
the channel that is vegetated by tall and short grasses. Downstream of the pool, the channel narrows and
remains relatively straight. In this stretch, the banks are primarily composed of sand and silt and
vegetation includes cedar and fir trees.
Reach 7 (ITF7)
Reach ITF7 contains an additional set of rapids (further downstream) within the study area. The channel is
bedrock in this area and is lined with coniferous trees and birch trees. There is woody debris deposited at
some locations.
4.3.4 Rapid Assessment Results – Third Falls
Table 4.3 provides results from the RGA surveys conducted along the Ivanhoe River at Third Falls. They
basically confirm the general site descriptions which suggested the channel throughout the study area is in
regime (stable). The main adjustment process along the river, according to the RGAs, was widening. The
higher numbers for the widening factor were primarily based on the presence of leaning and fallen trees
and woody debris along the channel. Although this could be a sign that the channel is widening due to
watershed changes in hydrology, the trait is also typical of northern rivers lined by cedars and may not
necessarily be indicative of major channel adjustments. Degradation scores were driven by exposed
bedrock along the channel, which again, is not always indicative of degradation. In this case, the bedrock
channel is likely natural and not a symptom of instability.
Table 4.3: RGA Results for the Ivanhoe River – Third Falls Study Reaches
Reach
2
3
4
5
6

Factors
Aggradation
0.14
0.00
0.11
0.00
0.22

Degradation
0.14
0.29
0.14
0.29
0.14

Widening
0.38
0.25
0.25
0.25
0.25

Planimetric
0.00
0.14
0.14
0.00
0.14

Stability Index
0.17
0.17
0.16
0.13
0.19
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4.4 Detailed Cross Sections
In addition to the rapid assessment, detailed geomorphic field data were collected along Reach IC6 for The
Chute and reaches ITF2 and ITF6 for Third Falls. The sites were chosen largely based on access, safety,
and on characterizing sediment loads through the dam sites. The field work included cross-section and
profile surveys to better define channel character and Wolman pebble counts (Wolman, 1954) to quantify
bed material size.
4.4.1 Bankfull Geometry
As part of the detailed field assessment, standard protocols and known field indicators were used to
quantify bankfull cross-sectional dimensions (e.g. bankfull depth and width). The “bankfull” channel area
generally represents the maximum capacity of the channel before flow spills into the floodplain, and is
usually identified by obvious breaks, or inflections, in the cross section profile and changes in vegetation.
For The Chute cross-sections measured bankfull channel widths ranged from 65m to 83m within IC6,
averaging 75m. Mean average depth was 2.4m and mean maximum depth was 4.1m (Table 4.4). The
gradient across the detailed cross sections was approximately 0.03%. At Third Falls, bankfull widths
ranged from 51m to 59m at ITF2 and 47m to 60m at ITF6. Mean average bankfull channel depths were
4.2m and 4.1m, respectively, with maximum depths of 8.5m and 7.3m. The gradient at ITF2 was 0.01%
and at ITF6, the gradient was 0.03% (Tables 4.5 and 4.6). The channel cross sections for each of the
surveys can be observed in Appendix C.
Table 4.4: Channel Geometry measured in Reach IC6 (The Chute GS)
Cross-section Name:

XS-1

XS-2

XS-3

XS-4

XS-5

Average

Bankfull Width (m)
Average Bankfull Depth (m)
Maximum Bankfull Depth (m)
Bankfull Width:Depth
Cross-sectional Area (m2)
Wetted Perimeter (m)
Hydraulic Radius (m)
Left Bank Angle (degrees)
Right Bank Angle (degrees)
Left Bank Height (m)
Right Bank Height (m)
Left Bank Wetted Perimeter (m)
Right Bank Wetted Perimeter (m)
Gradient (%)

83.20
2.34
3.70
35.60
238.59
84.24
2.83
14.4
11.3
3.37
3.40
13.63
17.54
0.03

82.56
2.30
3.84
35.97
240.20
83.57
2.87
12.6
15.0
3.19
3.79
14.67
14.70
0.03

70.70
2.73
4.56
25.90
241.28
72.20
3.34
14.3
19.7
3.83
4.20
15.66
12.51
0.03

65.08
2.48
4.47
26.20
223.81
66.44
3.37
17.0
17.8
3.78
3.68
13.04
12.15
0.03

73.64
2.24
3.82
32.83
200.86
74.59
2.69
12.7
13.7
3.02
3.63
13.83
15.32
0.03

75.04
2.42
4.08
31.30
228.95
76.21
3.02
14.21
15.49
3.44
3.74
14.17
14.44
0.03
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Table 4.5: Channel Geometry measured in ITF2 (Third Falls GS)
Cross-section Name:

XS-1

XS-3

XS-4

XS-5

XS-6

Average

Bankfull Width (m)
Average Bankfull Depth (m)
Maximum Bankfull Depth (m)
Bankfull Width:Depth
Cross-sectional Area (m2)
Wetted Perimeter (m)
Hydraulic Radius (m)
Left Bank Angle (degrees)
Right Bank Angle (degrees)
Left Bank Height (m)
Right Bank Height (m)
Left Bank Wetted Perimeter (m)
Right Bank Wetted Perimeter (m)
Gradient (%)

56.90
3.32
6.19
17.12
267.62
60.10
4.45
27.1
27.0
6.09
4.59
13.67
10.31
0.01

52.90
4.00
9.07
13.22
329.74
57.87
5.70
27.1
40.7
6.97
6.27
15.32
10.05
0.01

58.60
3.11
7.55
18.82
280.15
61.16
4.58
21.4
28.1
3.88
4.44
10.09
9.47
0.01

50.60
6.03
10.40
8.39
334.76
55.63
6.02
30.2
27.7
9.50
7.50
19.00
16.24
0.01

52.82
4.56
9.30
11.58
301.37
56.72
5.31
21.6
29.8
6.80
5.50
18.73
11.10
0.01

54.36
4.21
8.50
13.83
302.73
58.30
5.21
25.49
30.66
6.65
5.66
15.36
11.43
0.01

Table 4.6: Channel Geometry measured in ITF6 (Third Falls GS)
Cross-section Name:

XS-1

XS-2

XS-3

XS-4

XS-5

Average

Bankfull Width (m)
Average Bankfull Depth (m)
Maximum Bankfull Depth (m)
Bankfull Width:Depth
Cross-sectional Area (m2)
Wetted Perimeter (m)
Hydraulic Radius (m)
Left Bank Angle (degrees)
Right Bank Angle (degrees)
Left Bank Height (m)
Right Bank Height (m)
Left Bank Wetted Perimeter (m)
Right Bank Wetted Perimeter (m)
Gradient (%)

59.80
3.89
6.12
15.35
276.09
63.35
4.36
38.7
27.2
3.20
4.62
6.47
10.13
0.03

55.50
3.83
6.40
14.50
242.50
58.72
4.13
38.4
23.3
3.80
4.60
6.59
11.68
0.03

48.30
3.85
7.99
12.55
225.22
51.41
4.38
23.5
26.0
4.79
6.49
12.09
14.85
0.03

46.90
5.65
7.98
8.30
279.10
52.02
5.36
33.8
47.5
5.68
6.98
10.24
9.49
0.03

48.70
3.45
7.78
14.10
244.06
53.02
4.60
33.2
37.4
4.90
5.50
8.97
9.23
0.03

51.84
4.14
7.25
12.96
253.39
55.70
4.57
33.50
32.27
4.48
5.64
8.87
11.08
0.03
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4.4.2 Bankfull Hydraulics
Channel form is generally thought to be a response to the water and sediment supplied to the system,
coupled with valley constraints, such as bedrock and vegetation. The bankfull channel dimensions
presented in Section 4.3.1 likely formed to carry a certain discharge, usually associated with a peak flow
that occurs, on average, around 1.5 to 2yrs. Using the gradients and bankfull channel cross-sections
measured in the field, bankfull discharge capacity and other hydraulic parameters (e.g., velocity, shear,
etc; Tables 4.7 - 4.9) were estimated with common hydraulics formulas (e.g., Manning’s Discharge and
Velocity, slope-depth product for shear stress, etc.).
The collected cross-section data provided consistent flow results. Using a Manning’s roughness value of
0.035 for the cross sections, bankfull discharge at IC6 ranged from 207cms to 289cms, with an average
bankfull flow of 255cms. At the Third Falls sites, bankfull flow estimates were between 225cms and
360cms, with averages of 294 at ITF2 and 271cms at ITF6. These values are greater than the estimates of
the two year return period flow for these sections of the Ivanhoe River (~200 to 250cms), which is likely
due to the backwater conditions which partly define both reaches and (or) errors in measuring such small
energy gradients. Mean average bankfull velocities were 0.8m/s at IC6 and ITF6, and 0.7m/s at ITF2.
Average maximum bankfull velocities were 1.1m/s at ITF6 and 1.25m/s at the other two sites. These
flows produce mean average shear stresses of 9N/m2 at the Chute detailed cross-sections, and between 5
and 7N/m2 at the Third Falls detailed sections.
Table 4.7: Channel hydraulics calculated for IC6 (The Chute GS)
Cross-section Name:
(m3/s)

Bankfull Discharge
Average Bankfull Velocity (m/s)
Maximum Bankfull Velocity (m/s)
Average Shear Velocity [u*] (m/s)
Reynolds Number
Reynolds Flow Type
Froude Number
Froude Flow Type
Stream Power (W/m)
Stream Power per unit Width (W/m2)
Average Shear Stress

(N/m2)

XS-1

XS-2

XS-3

XS-4

XS-5

Average

252.56
0.82
1.17
0.09
49.27
Transitional
0.17
Sub-critical
743.3

260.72
0.81
1.19
0.09
124.01
Rough
0.17
Sub-critical
767.3

288.96
0.90
1.33
0.10
28.75
Transitional
0.17
Sub-critical
850.4

267.90
0.83
1.32
0.10
212.16
Rough
0.17
Sub-critical
788.4

207.11
0.81
1.17
0.09
150.04
Rough
0.17
Sub-critical
609.5

255.45
0.83
1.24
0.09
112.85
Rough
0.17
Sub-critical
751.79

8.93

9.29

12.03

12.11

8.28

10.13

8.34

8.46

9.84

9.91

7.92

8.89

Maximum Shear Stress

(N/m2)

10.82

11.23

13.35

13.09

10.94

11.89

Left Bank Shear Stress

(N/m2)

6.34

6.43

7.32

7.45

6.01

6.71

6.27
0.001
0.035

6.43
0.002
0.035

7.44
0.001
0.035

7.49
0.004
0.035

5.96
0.003
0.035

6.72
0.002
0.035

(N/m2)

Right Bank Shear Stress
Critical Particle Diameter (m)
Manning's Roughness – n
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Table 4.8: Channel hydraulics calculated for ITF2 (Third Falls GS)
Cross-section Name:

XS-1

XS-3

XS-4

XS-5

XS-6

Average

225.22
0.57
0.96
0.07
2.32
Smooth
0.10
Sub-critical
220.94

340.33
0.62
1.19
0.07
1.19
Smooth
0.10
Sub-critical
333.86

246.49
0.54
1.04
0.07
3.19
Smooth
0.10
Sub-critical
241.81

360.75
0.86
1.29
0.08
10.04
Transitional
0.11
Sub-critical
353.89

298.09
0.71
1.20
0.07
18.33
Transitional
0.11
Sub-critical
292.42

294.17
0.66
1.13
0.07
7.01
Transitional
0.10
Sub-critical
288.58

Stream Power per unit Width (W/m2)

3.88

6.31

4.13

6.99

5.54

5.37

Average Shear Stress (N/m2)

4.37

5.59

4.49

5.90

5.21

5.11

Maximum Shear Stress (N/m2)

6.07

8.58

6.92

9.65

8.64

7.97

(N/m2)

3.16

3.82

3.36

3.65

3.33

3.46

3.24
0.005
0.035

4.06
0.005
0.035

3.35
0.004
0.035

3.90
0.005
0.035

3.80
0.005
0.035

3.67
0.0002
0.035

(m3/s)

Bankfull Discharge
Average Bankfull Velocity (m/s)
Maximum Bankfull Velocity (m/s)
Average Shear Velocity [u*] (m/s)
Reynolds Number
Reynolds Flow Type
Froude Number
Froude Flow Type
Stream Power (W/m)

Left Bank Shear Stress

(N/m2)

Right Bank Shear Stress
Critical Particle Diameter (m)
Manning's Roughness – n

Table 4.9: Channel hydraulics calculated for ITF6 (Third Falls GS)
Cross-section Name:
(m3/s)

Bankfull Discharge
Average Bankfull Velocity (m/s)
Maximum Bankfull Velocity (m/s)
Average Shear Velocity [u*] (m/s)
Reynolds Number
Reynolds Flow Type
Froude Number
Froude Flow Type
Stream Power (W/m)
Stream Power per unit Width (W/m2)
Average Shear Stress (N/m2)

XS-1

XS-2

XS-3

XS-4

XS-5

Average

280.67
0.79
1.15
0.08
89.98
Rough
0.13
Sub-critical
413.01
6.91

243.10
0.78
1.18
0.08
87.59
Rough
0.13
Sub-critical
357.73
6.45

240.95
0.78
1.26
0.08
90.22
Rough
0.13
Sub-critical
354.56
7.34

332.43
1.01
1.37
0.09
99.83
Rough
0.14
Sub-critical
489.17
10.43

258.98
0.70
1.32
0.08
92.47
Rough
0.12
Sub-critical
381.09
7.83

271.23
0.81
1.26
0.08
92.02
Rough
0.13
Sub-critical
399.11
7.79

6.41

6.08

6.45

7.89

6.77

6.72

(N/m2)

8.92

9.34

10.34

11.75

11.02

10.28

Left Bank Shear Stress (N/m2)

4.56

4.39

4.61

5.64

4.93

4.83

Right Bank Shear Stress (N/m2)
Critical Particle Diameter (m)
Roughness - Manning's N

4.75
0.002
0.035

4.47
0.002
0.035

4.37
0.002
0.035

5.67
0.002
0.035

4.93
0.002
0.035

4.84
0.002
0.035

Maximum Shear Stress
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Table 4.10 provides output from the Xeneca HEC-RAS model (CPL, 2012) at the estimated 2-yr return
interval flow of 200cms at the Chutes and 248cms at the Third Falls site. Although the projected 2-yr
flows are smaller than the cross-section capacities calculated for the PGL field data, a comparison of the
channel dimensions in Tables 4.4-4.9 reveal that the measures of channel geometry and hydraulics are
fairly similar to the model output. The main difference is that the model provides slightly higher velocities
and depths. Additionally, the “rapid” reaches (IC1, IC3, and IC4) and the “backwater” reaches (IC0, IC2,
and IC5) are somewhat similar.
Table 4.10: Reach averaged values from CPL (2012) HEC-RAS model run at 2-yr flow
Reach
IC0
IC1
IC2
IC3
IC4
IC5

Flow Area Top Width Hydr Depth Hydr Radius E.G. Slope Vel Chnl Shear Chan Froude # Chl
2
2
(m )
(m)
(m)
(m)
(m/m)
(m/s)
(N/m )
232.48
95.66
2.46
2.42
0.0002
0.88
4.85
0.16
65.46
41.54
1.58
1.54
0.0050
3.05
73.12
0.77
268.77
131.79
2.10
2.07
0.0002
0.79
4.23
0.16
71.78
45.37
1.51
1.45
0.0156
3.31
122.76
1.00
96.56
35.21
2.74
2.59
0.0005
1.37
12.64
0.27
427.43
260.98
3.09
3.04
0.0001
0.63
2.24
0.10

4.5 Sediment Characteristics
4.5.1 Bed Material
Channel bed materials were characterized using a modified Wolman pebble count (Wolman, 1954) at
Xeneca cross sections, PGL cross sections, channel bars, and areas of the bed exposed at low flow. Bank
materials were also recorded at each cross-section where bed material was measured. In locations where
flow depths were too deep or fast for safely wading the channel, which was most of the site during the
field visit, sediment samples were collected with a Ponar sediment trap and/or estimated visually through
the water and via general probing. Due to the size of the Ponar opening (i.e., difficult to sample larger
material) and the available sampling locations (i.e., channel margins), much of the size distribution data
likely under-represents the actual bed-material distribution. Site photography seems to confirm this
observation, and also may suggest that some of the bed along the entire reach comprises exposed
bedrock or bedrock under a relatively thin layer of alluvial material. Figure 4.6 (The Chute) and Figure
4.10 (Third Falls) show sampling locations, cross-sections, and reach breaks.
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The Chute Bed Material
The bed along The Chute study reaches consists of sands and cobbles/boulders and bedrock. The rapids
sections (Reach IC3 and IC4) are primarily bedrock and boulders. Although this larger material is also
exposed upstream, large sections of the channel in these areas are also covered with silt and sand. The
fine material tends to accumulate in the backwater areas upstream of rapids, and in local areas of flow
separation (i.e., eddies, point bars). The median grain size (D50) for the entire sampled section (i.e., IC2IC6), was approximately 0.5mm (medium sand). The 16th and 84th percentile (D16 and D84) grain diameters
were 0.2mm (fine sand) and 90mm (small cobble), respectively (Figure 4.7).

Figure 4.6: Sediment sampling locations by river reach
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Figure 4.7: Sediment distribution for the entire study area for The Chute.

Determining the overall study area sediment characteristics provides a broad overview of the site. To
further analyze the sediment data, it was separated based on study reaches (Table 4.11 and Figure 4.8).
The distributions indicate that Reach IC5 and IC6 have the finest bed material – they also had very little
exposed bedrock. IC2 and IC3 have similar distributions, although field observations suggest that IC3 is
actually a bit coarser than the data suggests with a larger portion of exposed bedrock. IC4 has a higher
proportion of boulders and cobbles, relative to bedrock, so its distribution appears to be much coarser.
The change in grain size along the IC2-IC6 study section is depicted in Figure 4.9. The figure indicates the
general pattern of the bed material, with coarse material and bedrock dominating the steep section and
finer material dominating the rest of the area, especially at the downstream reaches.
Table 4.11: Bed sediment sizes that describe the size distributions for individual study reaches – The Chute
IC2

IC3

IC4

IC5

IC6

TOTAL

D10 (mm)

0.05

0.20

0.50

0.07

0.05

0.05

D16 (mm)

0.20

0.50

6.00

0.20

0.20

0.20

D50 (mm)

6.00

6.00

130.00

5.00

0.50

0.50

D84 (mm)

209.60

293.60

427.60

20.00

5.00

90.00

D90 (mm)

349.00

388.00

730.00

147.00

6.00

170.00

Ivanhoe River Hydroelectric Generating Stations Geomorphic Assessment (Ref: 01-12-72/01B)

26

Figure 4.8: Sediment distribution by reach for The Chute R5 to R8.

Figure 4.9: Sediment distribution along the channel (at sampling points) for The Chute R5-R8
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Third Falls Bed Sediment
The bed along the Third Falls study reach also primarily consists of sands and cobbles/boulders and
bedrock. The rapids sections (Reach ITF3 to ITF5) are primarily bedrock and boulders, except for
accumulations in flow separation zones between the falls. The sand accumulate in the backwater areas
upstream of rapids, and in local areas of flow separation (i.e., eddies, point bars). As at the chutes, the
median grain size (D50) for the entire sampled section (i.e., ITF2-ITF6), was approximately 0.5mm
(medium sand). The 16th and 84th percentile (D16 and D84) grain diameters were 0.05mm (silt) and 20mm
(gravel), respectively (Figure 4.13); however, these values are likely biased towards smaller particles.

Figure 4.10: Sediment sampling locations by river reach
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Figure 4.11: Sediment distribution for the entire study area.

Table 4.12 and Figure 4.12 separate the data based on the study reaches. The distributions indicate that
Reach ITF2 and ITF6 have the finest bed material – they also had very little exposed bedrock. ITF2, ITF3,
and ITF6 all have similar distributions, although field observations show that ICF3 is actually largely
boulders and bedrock. The sampling location for ITF3 was just upstream of the rapids, where sand had
collected during low flows. At ITF4, the sampling was completed just downstream of the rapids, and likely
provides a more representative distribution for ITF3. ICF5 includes the middle and lower falls, and is
largely bedrock and boulders. The change in grain size along the ITF2-ITF6 study section is depicted in
Figure 4.13. The figure indicates the general pattern of the bed material, with coarse material and bedrock
dominating the steep falls sections and finer material dominating the channel up- and downstream of the
falls.
Table 4.12: Bed sediment sizes that describe the size distributions for individual study reaches – Third Falls
ITF2

ITF3

ITF4

ITF5

ITF6

TOTAL

D10 (mm)

0.05

0.01

0.20

2.90

0.05

0.05

D16 (mm)

0.05

0.01

0.20

5.00

0.05

0.05

D50 (mm)

0.20

0.30

5.00

25.00

0.20

0.50

D84 (mm)

6.00

15.60

40.00

203.20

2.00

20.00

D90 (mm)

10.00

40.00

112.00

300.00

5.00

50.00
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Figure 4.12: Sediment distribution by reach, ITF2-ITF6.

Figure 4.13: Sediment distribution along the channel (at sampling points) for ITF2-ITF6.
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4.5.2 Suspended Material
Grab samples of river water were collected along the study reaches of the Ivanhoe River, but they
contained only traces of suspended sediment. For the most part, the water was clear during the field work
event and little sediment was being transported in suspension. The actual total suspended solids (TSS)
appears to be low, but is likely episodic with higher flow events. That said, the majority of sediment
movement is bed load and the anticipated volumes of sediment transport are low and are not expected to
become a long term management issue on the headponds. An analysis of calculated Rouse Numbers
suggests that sediment between 0.125mm and 0.25mm remains suspended at bankfull flows along the
entire Ivanhoe River project reach, but particles as large as 2mm can be suspended through the rapid
sections. At proposed operating flows, the channel generally suspends particles between 0.06mm and
0.125mm, and at the rapids, 1-2mm sands can be suspended.
4.6 Flow Measurements
Stream gauging was conducted on the Ivanhoe River to determine the flow rate in the watercourse.
Velocity readings were acquired across the channel using a canoe and a Marsh-McBirney FloMate velocity
meter. Concurrently, the cross-sectional profile and water depths were recorded for the cross-section in
order to calculate wetted channel area. In October, 2010, BPR Engineering also measured flow in the
channel and installed level loggers at locations on the river in close proximity to where the PGL flow
measurements were taken. In part, the measurements were to help establish a stage-discharge
relationship at the site. However, in order to obtain a more reliable stage-discharge relationship, it would
be necessary to obtain additional flow measurements over an extended period. Unfortunately, PGL was not
able to return to the sites to accomplish this to date, and the measurement that was taken is relatively
close to the 2010 values.
At the proposed Chute GS site, velocity was measured at Xeneca XS [0] (i.e., XX0). The measurements
were taken on September 27, 2012, and flow was determined to be 8.6cms. BPR Engineering measured a
flow of 21cms on October 19, 2010 at this site. At the proposed Third Falls GS site, velocity
measurements were acquired at PGL XS1 (i.e., DSXS1), just downstream of XX3 (Figure 4.10).
Measurements were taken on October 19, 2012, and flow was determined to be 16.3cms. BPR
Engineering measured a flow of 14.7cms on October 18, 2010.
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5. Analysis
The primary goal of the Ivanhoe River Hydroelectric Projects Geomorphic Assessment is to provide an idea
of how channel form and function operate under existing conditions and how they may change once the
dams are operational. The existing conditions at key locations have largely been documented in the
previous sections. The characteristics of areas within the study area that were not accessed during field
investigations were approximated through the segmenting the river in section of similar form and function.
Overall, the data was used to address sediment transport issues along the study sections, including
estimating entrainment thresholds and producing a basic sediment budget.
5.1 Erosion Thresholds – Detailed Cross-sections
In essence, an erosion threshold analysis determines the hydraulics, such as discharge, channel depth, or
average channel velocity, at which the channel produces enough shear stress to initiate the mobilization of
sediment of a given size (Dcrit). The analysis also helps evaluate a reach’s erosion sensitivity by comparing
the boundary shear stress associated with modeled flows to the critical shear stress required to entrain
sediment. The general procedure for calculating erosion thresholds is to calculate a critical flow shear
stress or velocity at which a sediment particle of a given size will just start to move. Once this value is
found, a model is run that “fills” the channel incrementally until the depth and slope produce values equal
to the critical values. In order to evaluate a range of results, nine different entrainment relationships are
used to calculate erosion thresholds, including models based on critical shear stress and permissible
velocity. The model results are examined for convergence and compatibility with field observations.
Selection of appropriate thresholds is also based on understanding of site conditions and the assumptions
and ranges of conditions under which the entrainment equations are applicable.
In this case, the Fischenich (2001) entrainment equation predicts that a shear stress of 0.1.99 N/m2 is
required to move the D84 at IC6 (5mm), which equates to a discharge of 17cms, only 7% of the predicted
channel capacity. At ITF2, a flow of 67cms is required to move a 5mm particle (23% of bankfull), and at
ITF6, a discharge of 13cms is required to move a 2mm particle. In all three cases, average critical
velocities are between 0.3 and 0.5m/s (Tables 5.1-5.3). It is currently unclear how thick the alluvial
material is in the study reach, but the sections of exposed bedrock noted during the sediment sampling
suggests that at higher flows, the sands are swept away leaving bedrock to control channel geometry. At
the rapids sections, and probably in the sections above the Chute and Third Falls, the channel is likely
sediment limited, and the bedrock is the primary control.
A comparison of the critical discharges (Tables 5.1-5.3) with the estimated bankfull discharge provided in
emphasizes the sensitivity of these sites to alterations in flow regime or land use change. Critical flow
targets for entrainment of the D50 in IC6 and ITF6 are much smaller than the bankfull flows contained within
the active channel (6-7%), suggesting that the channel is fairly active during peak flows, and an increase in

Ivanhoe River Hydroelectric Generating Stations Geomorphic Assessment (Ref: 01-12-72/01B)

32

the number of days over the threshold, along with a change in a sediment supply, may lead to channel
widening and degradation. However, if the channel consists of a thin veneer of alluvial material, and is
actually defined by bedrock, then the channel will be much more resistant. Two-year return interval floods
just will have little impact on rock, so while lesser flows may push the sands around, if rock is the control,
the overall channel shouldn’t experience significant change with the proposed change in the hydrograph.
Table 5.1: Erosion thresholds based on Fischenich 2001 for Reach IC6 (The Chute)
Parameter
Bankfull Flow
Critical -Fischenich
Critical/Bankfull
Critical Discharge (m3/s)
Maximum Depth (m)
Average Depth (m)
Maximum Velocity (m/s)
Average Velocity (m/s)
Average Shear Stress (N/m2)

255.45
4.08
2.42
1.24
0.83
8.89

17.06
1.04
0.68
0.52
0.38
1.99

0.07
0.26
0.28
0.42
0.45
0.22

Table 5.2: Erosion thresholds based on Fischenich 2001 for Reach ITF2 (Third Falls)
Parameter
3

Critical Discharge (m /s)
Maximum Depth (m)
Average Depth (m)
Maximum Velocity (m/s)
Average Velocity (m/s)
Average Shear Stress (N/m2)

Bankfull Flow

Critical -Fischenich

Critical/Bankfull

293.27
8.50
4.21
1.13

66.86
4.15
2.52
0.74

0.23
0.49
0.60
0.65

0.66
5.11

0.50
2.47

0.76
0.48

Table 5.3: Erosion thresholds based on Fischenich 2001 for Reach ITF6 (Third Falls)
Parameter
3

Critical Discharge (m /s)
Maximum Depth (m)
Average Depth (m)
Maximum Velocity (m/s)
Average Velocity (m/s)
Average Shear Stress (N/m2)

Bankfull Flow

Critical -Fischenich

Critical/Bankfull

271.23
7.25
4.14
1.26

13.05
1.75
1.10
0.51

0.05
0.24
0.27
0.41

0.81
6.72

0.36
1.08

0.45
0.16
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5.2 Erosion Thresholds – HEC-RAS Results
The HEC-RAS model output and reach-averaged sediment data can also be used to compare shear stress
along the channel and the stress required to move sediment of a certain size. In Figures 5.1 to 5.4, the
dimensionless shear stress (τ* = τ/((ρs-ρw)gD) of the channel for a given sediment size (red/blue lines) is
compared to the critical dimensionless shear stress (Shield’s Number set to 0.045) altered by the Parker
hiding function, (τ*crit=0.045(Di/D50)-0.85; black line). The hiding function accounts for the effect of larger
clasts on the entrainment of smaller clasts (e.g., sand can “hide” in the lee of larger cobbles and
boulders). Where the colored lines are higher than the black line, clasts of the given size will likely be
moved by the flow; and where the colored lines are less than the black line, the sediment will likely not
move. The blue lines represent existing conditions while the red lines represent operating conditions. The
following graphs were prepared using the model under which both facilities operate as modified run-ofriver (Ortech, 2012). Under the updated operating plan (Ortech, 2013), the Third Falls facility will be a true
run-of-river, however the results, as presented below, will not change for this analysis.
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The results indicate that gravel (<22mm) may be entrained along The Chute study reach under existing
bankfull conditions (~200cms), although it may get caught up in subsections of the upstream reaches.
However, for the most part, gravel and cobbles (>22mm) may not be transported through IC2 under the
proposed dam conditions at bankfull, even though downstream transport is still possible (Figures 5.1A
and 5.1B). At flows close to the maximum modified peaking discharges, gravel is too large to move under
both the existing and dammed scenarios. Not much gravel was observed in the study reaches however,
indicating not much is delivered to the channel.
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Figure 5.1A: Entrainment Potential for a 22mm gravel along The Chute study reaches at bankfull flow
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Figure 5.1B: Entrainment Potential for a 22mm gravel along The Chute study reaches at maximum modified
peaking flow
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At Third Falls, small gravel (22mm) may be entrained along the channel under existing and proposed
bankfull conditions (~248cms), except for immediately below the rapids in ITF4 and ITF5 (Figures 5.2A
and 5.2B). At flows close to the maximum modified peaking discharges, gravel is too large to move in the
study reach under both the existing and dammed scenarios. Not much gravel was observed in the study
reaches however, indicating not much is delivered to the channel. Additionally, the modeling indicates that
Reach ITF4 can be characterized by low shear stresses, and therefore, may act like a sediment sink. Field
evidence does not support this interpretation. Fine sands were observed in the reach – on eddy bars and
in side pools-, but the main channel included large gravel, cobbles, and boulders. This may indicate that
little material is passed through the bottle neck formed by the bedrock chute, but it also may indicate that
the shear stresses in the reach, at least in the main channel, are large enough to transport the smaller
materials over a variety of flows. It should also be noted that no sediment data was collected below ITF6,
so critical stresses are estimated based on upstream rapids (ITF7) and non-rapids (ITF8), however no field
observations can be used to confirm modeling parameters and results.
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Figure 5.2A: Entrainment Potential for a 22mm gravel along the Third Falls study reaches at bankfull flow
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Figure 5.2B: Entrainment Potential for a 22mm gravel along the Third Falls study reaches at maximum
modified peaking flow
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The Ivanhoe River at the Chute can also move sand under existing bankfull conditions (1mm; Figures 5.3A
and 5.3B), with some short sections where it can get caught up. However, with the dam in place, 1mm
particles likely will not be entrained in the backwater zone of the proposed facility (Reach IC2 and IC3) and
will therefore, be accumulated. Downstream, sand–sized particles will still be transportable, despite the
discontinuity in upstream supply. At flows associated with modified peaking operations, 1mm sand can
only be transported over the rapids under existing conditions, and likely won’t be entrained at all under
dammed conditions. Additionally, the modeling does not include the 1.2 m of additional backwater
associated with the Third Falls headpond. This additional water will likely reduce energy further, reducing
the possibility that the sand and gravel will be entrainable.
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Figure 5.3A: Entrainment Potential for a 1mm sand along The Chute study reaches at bankfull flow
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Figure 5.3B: Entrainment Potential for a 1mm sand along The Chute study reaches at maximum modified
peaking flow
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At Third Falls, sand (1mm) may be entrained along the channel under existing and proposed bankfull
conditions (~248cms), except for immediately below the rapids in ITF4 and ITF5 (Figures 5.4A and
5.4B). At flows close the maximum modified peaking discharges, however, 1mm sands will be difficult to
move in the study reach under both the existing and dammed scenarios. As mentioned, no sediment data
was collected below ITF6, so critical stresses are estimated based on upstream at rapids (ITF7) and nonrapids (ITF8); however no field observations can be used to confirm modeling parameters and results.
100

ITF4

Dimensionless Shear Stress

ITF6

ITF2

ITF1

10

Proposed Dam

1

0.1

0.01

ITF7
0

ITF3

ITF5

0.001
1000

2000

3000

4000

5000

6000

Longitudinal Position (m)

Figure 5.4A: Entrainment Potential for a 1mm sand along the Third Falls study reaches at bankfull conditions.
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Figure 5.4B: Entrainment Potential for a 1mm sand along the Third Falls study reaches under maximum
modified peaking flow conditions
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5.3 Sediment Impact Analysis Methods (SIAM)
The Hydraulic Engineering Center’s (HEC) Sediment Impact Analysis Methods (SIAM; Gibson and Little,
undated) is a sediment budget tool for HEC-RAS that compares annual sediment transport capacities along
river reaches to estimated sediment supplies and indicates if each reach has an overall sediment surplus
or deficit. The algorithms will use sediment continuity and the connectivity between reaches to evaluate
the impacts of local changes in flow and/ or sediment inputs on the system. The model results exhibit
potential imbalances and instabilities in the channel sediment network and provide the first step in
designing or refining remediation activities.
SIAM is not a sediment routing model. A mobile bed model will update hydraulics in response to sediment
deficits and surpluses generally resulting in mitigated rates of erosion or deficit over time, as the channel
adjusts its morphology. SIAM does not update the bed and therefore, does not account for changing
capacities in response to erosion or deposition. Instead, SIAM is a screening tool for sediment budget
assessment. The reported numbers should be treated cautiously and interpreted as general trends of
surplus and deficit, not actual volumes of eroded or deposited material. This is especially true for the
Ivanhoe River data, because the model is designed for alluvial systems, not bedrock or clay channels with
possible sediment-limited conditions. Under the existing conditions, steeper reaches may result in higher
transport rates than what should be expected in reality.
For this project, the sediment and hydraulics were reached averaged and input to SIAM based on the
defined reaches described in Section 3.1. Volumes of material along field-identified eroding banks and
tributaries were roughly estimated and also included in the model as sediment inputs. Sediment character
for the upstream reaches of the study area that weren’t field evaluated (e.g., IC/ITFUS, IC/ITF1, ITF7, ITF8 )
were given values matching the overall bedrock channel data or the overall pool reaches for the respective
study areas (e.g., Chutes or Third Falls). Hydrology data was generalized from flow data provided in the
Hydrology Report for the Ivanhoe sites provided by Hatch (2011). The program was set to use the Ackers
and White sediment transport relations, including a hiding function for modifying the critical shear stress.
It was run for existing conditions and for dam conditions with fluctuations between 5 and 33 cams over a
3 month period. Again, the data do not necessarily represent reality, but they do suggest how the channel
might behave differently under these scenarios.
The results are provided in Table 5.4, and in Figures 5.5 and 5.6. The existing conditions model indicates
that if erosion is going to occur, it will occur primarily along the rapid reaches – IC3, ITF1, ITF3, ITF5, and
ITF7- and subsequent deposition will occur in the downstream ponded areas. Assuming the channel is in
equilibrium with respect to sediment transport, as supported by the RGA data, the suggested degradation
at these locations indicates the model inputs are too fine or that incision is limited by the bedrock.
Aggradation in the ponded areas indicates they are limited with respect to transport and act as sediment
sinks for material arriving from upstream. As mentioned, SIAM is not meant to be used with bedrock
channels. It is likely that the bedrock lining the rapids and falls is resistant and experiences little erosion,
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and therefore, the aggradation shown in the figures is overpredicted, and the equivalent deposition is
exaggerated and should be much closer to 0 tonnes/yr (deposited material is similar to volume of “eroded”
material upstream). Because the system is likely sediment limited, the rate of infilling is not predictable
with the current data. Gravels are relatively scarce in the study reach, so they shouldn’t accumulate
quickly. Sand appears to be transportable through the Third Falls headpond, so infilling there should be
relatively slow. At the Chute site, the river can just move 1mm sands and smaller material, suggesting that
some accumulation of sands will likely occur, but that the rate of headpond filling will be relatively slow.
At The Chute, IC2 acts like a sediment sink under both existing and operating conditions. The model
predicts erosion at the IC3 rapid reach, although this is unrealistic based on the exposed bedrock in this
reach. The dam lessens the erosion potential in his location, however. According to SIAM, reach IC4
should be experiencing degradation under existing conditions, largely due to the smaller channel capacity
associated with the split in flow (probably unrealistic) Under operating conditions, the model predicts IC4
will experience some erosion, in part due to the sediment starved conditions created by the dam at the
upstream end of the reach. Material from upstream gets deposited in IC5.
At Third Falls, the SIAM modeling predicts a large amount of degradation at the bedrock rapids, which is
unlikely due to the prevalence of rock and a lack of field evidence, followed by almost equal amounts of
deposition in the subsequent pools or backwater areas. The main impact of the dam is to “drown out”
potential erosion in ITF1 and ITF3, leaving no material for deposition in ITF2 and ITF4, respectively.
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Table 5.4: SIAM results showing annual sediment transport imbalances (tonnes/yr) from reach to reach. Green
values indicate possible aggradation (more sediment entering than leaving), red values indicate possible
degradation (more sediment leaving than entering), and black values suggest no transport is occurring in the
reach.

The Chute GS Site
Reach

Existing Conditions

Proposed Dam operations

ICUS

-87400

-75400

IC1

12000

11900

IC2

69400

67200

IC3

-135000

-20.2

IC4

481000

-1370

IC5

1478

1370

Third Falls GS Site
Reach

Existing Conditions

Proposed Dam operations

ITFUS

1720

2128

ITF1

-604

0

ITF2

615

0

ITF3

-55500

0

ITF4

55500

0

ITF5

-1600000

-1600000

ITF6

1600000

1600000

ITF7

-456000

-456000

ITF8

432000

432000
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Figure 5.5: SIAM results showing annual sediment transport imbalance (tonnes/yr) from reach to reach (also
see Table 5.4) at the Chute GS site. Downward (negative) values suggest a sediment deficit leading to bed
degradation, and Upward (positive) values suggest a sediment surplus leading to bed aggradation.

Figure 5.6: SIAM results showing annual sediment transport imbalance (tonnes/yr) from reach to reach (also
see Table 5.4) at the Third Falls GS site. Downward (negative) values suggest a sediment deficit leading to bed
degradation, and Upward (positive) values suggest a sediment surplus leading to bed aggradation.
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5.4 Bank Erosion
The fluctuation in daily water levels upstream can increase the amount of shoreline erosion that would
occur without modified operation. A small amount of shoreline erosion occurs naturally in the river;
however, accelerated and persistent shoreline erosion is undesirable for a number of reasons. This
includes locations in which natural shoreline vegetation cannot establish itself due to accelerated erosion
occurring on an ongoing basis. Also, shoreline aquatic habitat can be affected negatively in the immediate
area around the erosion location, and in extreme cases, erosion can cause an increase in the overall
sediment load in the river with the potential for secondary effects on water turbidity and aquatic conditions.
For significant and persistent acceleration of shoreline erosion to occur, two conditions must coincide:
1. The slope of the ground must be steep at the location where it intersects the shoreline of the inundated
area upstream of the facility.
2. The soil material must be susceptible to erosion (ranges from negligible for rock to very high for pure
silt with negligible clay content and cohesion).
A previous desktop survey of upstream locations that could be sensitive to future shoreline erosion after
the project is built has been completed (Ortech, 2011). The objective of the headpond operating
parameters provided in the operations document is to limit headpond fluctuation so that pore pressure
changes at the shoreline remain small.
For this study, bank conditions were noted for study reaches IC2 to IC6 and ITF2 to ITF7. Observations
were made for general vegetation cover, sediment conditions, notable erosion scars, and other indicators
of bank instability. Except for localized issues, the banks appeared to be stable. Mature trees and shrubs
lined both sides of the Ivanhoe River, and at rapids section, the banks comprised of bedrock and/or
boulders. In the longer, backwater reaches, energy gradients were generally very small. However, bank
angles were moderately high (2 to 1) along much of the Third Falls reach which can be attributed to the
cohesive nature of the clays in the bank material rather than hydraulic action. They were around 3.3:1
along The Chute study reach. There were also a few notable slope failures along the study reach, which
appeared to be related to geotechnical issues (i.e., sand layers over clay in the valley wall), as opposed to
hydraulic issues. However, continual wetting and drying of the clays in the banks, as well as an elevated
water table upstream of the proposed dams, could break down some of the soil structure, allowing for
more bank erosion, and further possible destabilization of slopes.
Because the dams seem more likely to limit hydraulic bank erosion along the upstream study reaches, the
main worry is likely geotechnical failure associated with a forced rise in water table elevation and then the
forced fluctuations related to dam operations. Basically, the higher water table might impact the clay
particles in the banks and in the headpond, causing them to flocculate, swell, and/or shrink, and eventually
fail. Both forms of erosion, geotechnical and hydraulic, are of a larger concern where banks are relatively
high and steep.
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In order to identify river banks that might be more prone to failure, the LiDAR elevation data were used to
locate areas where high banks and steep slopes lie adjacent to the channel. The analysis is a simplified
version of the Rosgen (2002) Bank Erosion Hazard Index (BEHI). The BEHI includes numerous factors,
such as rooting depth, root density, bank height, bank angle, and surface protection to formulate a value
representing the stability of the bank. With the LiDAR data, only bank height and bank angle could be
calculated for analysis, but for the most part, the banks were consistently well protected by similar
vegetation with similar rooting depths. The exceptions seemed to include high steep bluffs, which are
accounted for using the LiDAR model.
The results exhibited in Figure 5.7 and Figure 5.8 show combined scores from a relative bank height
index and a slope index at the Chute and Third Falls sites, respectively. The relative bank height index was
constructed by subtracting water surface elevation data output (33cms HEC-RAS model run with dams)
from the elevation data, and then dividing the resulting difference by an average channel depth under those
conditions (2.5m). The index values correspond to higher risk, from a relative bank height between 0 and
1.2 receiving an index value of 1 and a relative bank height greater than 5 receiving an index value of 6
(Table 5.5). Similarly, the elevation data in the LiDAR DEM was converted to slope percents, and those
resulting values were then grouped into a slope index, where values less than 25% (4:1) received an index
value of 1 and values greater than 90% received an index value of 6 (Table 5.5). The final bank erosion
potential index is the sum of the two indices: values of 0 and 1 have low bank erosion potential; 2 and 3
have moderately low potential; 4 and 5 have moderate potential; 6 and 7 have moderately high potential;
and 8-11 have high bank erosion potential. It should be noted that these are relative values and not actual
measurements of erosion potential.
Table 5.5: Value ranges for the relative elevation index and the slope index.
Index Value

0

1

2

3

4

5

6

Relative Elevation Range (m/m)

<0.8

0.8-1.1

1.1-1.5

1.5-2

2-3

3-5

>5

Slope Range (%)

<10

10-25

25-33

33-45

45-66

66-90

>90

When evaluating Figures 5.7 and 5.8, it would be logical to assume that the banks adjacent to the river
should have the greatest erosion potential. Due to the method used to calculate the overall erosion
potential index, however, there are locations high up on the valley wall that may be generally removed from
river hydraulic processes but show the highest level of potential. With this consideration, the maps are
most useful if the information presented is interpreted with the contributing data in mind. The erosion
potential index is developed as a sum of the calculated relative bank height index and the calculated slope
index. For the relative bank height, the higher up on the valley wall a location is, the higher the bank height
index, and as a result, a high overall erosion potential index is calculated. However, the actual lateral
distance from water’s edge should also be considered. To most effectively use the maps, it is easiest to
identify those locations with a high erosion potential index that are in close proximity to the water’s edge.
At those locations a further distance away from water’s edge, the potential for erosion due to hillslope
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processes (geotechnical failure) could be higher than other locations, even if it is les susceptible to
hydraulic erosion. Those areas that are immediately adjacent to the river, however, that have both high
banks and steep slopes, will be the most susceptible to geotechnical and hydraulic erosion. These
locations can be identified as having the relatively highest potential for overall erosion.
At the Chute GS Site (Figure 5.7), bank erosion potential along the whole valley is relatively low, largely
driven by the relatively flat, low valley floor. Upstream of the proposed dam, the valley is wider, sideslopes are shallower, and adjacent to the channel most of the index values suggest a moderately low
erosion potential. Even within the headpond area, values for the slope index are moderately low,
suggesting that major bank sloughing may not be an issue. Little erosion was noted during the field
reconnaissance, although the valley slopes feature some slumping. Downstream of the proposed facility
location, the valley narrows and the hillslopes are steeper near the channel. This condition is especially
prevalent along the west bank in the first kilometer downstream of the Chute. The fluctuations in small to
moderate flows below bankfull levels created by the modified run-of-river conditions will not likely worsen
these conditions, but the banks and hillslopes should be included in post-project monitoring efforts.
Erosion potential at the Third Falls study reach is somewhat greater than at the Chute site (Figure 5.8),
largely driven by the steeper hillslopes along the downstream portion of the study reach. These areas of
“high erosion potential” are more likely to fail by hillslope processes than hydraulic processes, but
excessive channel migration could lead to greater hillslope instability. There are a few locations where the
channel appears to flow directly against the steeper slopes at the outside of bends, as delimited in Figure
5.8. The high erosion potential index in this area must be balanced with the fact that the facility at the
Third Falls site is to “re-naturalize” river flows such that downstream is provided a flow regime consistent
with the current hydrological record. Therefore, it would be expected that the introduction of the dam
should generally not result in significantly increasing bank erosion beyond existing conditions downstream
of the Third Falls site. It would be prudent, however, to monitor the banks in the tailrace area during postproject monitoring efforts.
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Figure 5.7: Erosion potential map for the Chute GS Site.
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Figure 5.8: Erosion potential map for the Third Falls GS Site.
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6. Further Work
The current data suggests that the Ivanhoe River channel is stable, although there may be some bank
locations the might be destabilized when the dams are operating. Although these banks are not likely to be
a major problem, they should likely be monitored over the first five years of dam construction and
operation. The channel should also be monitored to determine if the headponds are filling in and if the
rapids below the dams are eroding.
A comprehensive monitoring program should be developed to identify and quantify differences in pre- and
post-construction channel form and processes, including lateral migration, vertical channel adjustments,
change in channel capacity, substrate adjustment, and general channel performance.
To measure the desired parameters a series of monitoring ‘stations’ should be installed and re-established
annually for the first 5 years of operation, and then every 2 to 3 years for the next 5 years. The zone of
influence extends over a significant length of river, therefore locations should be chosen strategically in
order to best capture the post-development sediment regime changes. The monitoring should include:
•
•
•

•

•

At least two benchmarked cross-sections should be placed downstream of each proposed facility.
An additional two cross-sections should be placed of the headponds within 5km of each facility.
A number of other benchmarked cross-sections should be placed in the length of river between the
two proposed facilities
Pebble counts should be collected at each of the control sections, where possible. In deeper
sections of the headponds, grab samples of bed sediment should be collected at 3 locations along
the cross-section, at the same cross-section positions for each sampling event.
Photography stations should be established for photographically monitoring key slopes and
erosion sites over time. These should be placed both near the dam and further downstream within
the drainage.
A general channel assessment should be conducted annually to note any major changes to the
channel, such as slope failures, bank erosion, etc, and these areas should be added to the above
monitoring (depending on the severity – local, minor changes should be photographed, and larger
changes should be surveyed.)

The monitoring program is designed to provide long-term insight into channel processes which will allow
for the evaluation of channel performance and to quantify channel migration. The results of the monitoring
will permit the evaluation of any potential risks to the valley features that may be affected by channel
migration. An adaptive management plan should be developed to modify operations in the scenario that
significant negative impacts are observed during construction or post-development.
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7. Conclusions
Through the proposed hydroelectric corridor, the Ivanhoe River flows over a series of bedrock/boulder
rapids, separated by “dead water” or “backwater” sections that have developed behind them. Along the
corridor, the river appears to be relatively stable. The juxtaposition of the naturally-occurring, long
backwater areas and the steep rapids form a system where the fine materials prevalent in the channel
move at moderate flows and get passed through the rapids, likely as suspended sediment.
During the data collection process, bank conditions were noted for the study reaches, Observations were
made for general vegetation cover, sediment conditions, notable erosion scars, and other indicators of
bank instability. Very few signs of channel instability were observed during the field reconnaissance and
the RGA values suggest the channel is in “regime”. Most of the “evidence” for instability, such as eroding
banks, channel scour, or lateral bars, is localized and normal features of a heterogeneous system. Mature
vegetation lined both sides of the Ivanhoe River, and sections of the bank were protected by bedrock. The
bank armoring was especially prevalent at the rapid sites. In the longer, backwater reaches, energy
gradients were generally very small and bank angles were moderate (2.5:1), largely due to the clay content
in the materials. The channel shape was relatively consistent, indicating that little hydraulic bank erosion
activity is likely occurring. A basic, screening level erosion potential index was created and implemented
using the LiDAR data. The results matched field observations and provide locations for future mitigation or
monitoring. They suggest that steeper banks adjacent to the channel at the outside of bends are the most
likely to experience erosion, and that there may be some geotechnical issues along the steeper, higher
valley walls downstream of the proposed Third Falls facility.
Constructing the Ivanhoe River Hydroelectric Generating Stations will likely only accentuate existing
channel processes in the study area. The backwater areas will get deeper and slower with less energy,
likely resulting in siltation of smaller rapids drowned by the dam’s’ headpond. Sediment will also likely
deposit over time at the upstream end of the headponds and in the areas immediately upstream of the
dams. Some scour may also occur in the upstream portions of the headpond/backwater areas, but even
these areas are relatively well armored and the eroded sediment will not likely travel far, making any
impacts “local” in nature. Because the system is likely sediment limited, the rate of infilling of the
headponds is not predictable with the current data. Gravels are relatively scarce in the study reach, so
they shouldn’t accumulate quickly. Sand appears to be transportable through the Third Falls headpond, so
infilling there should be relatively slow. At The Chute site, the river can just move 1mm sands and smaller
material, suggesting that some accumulation of sands will likely occur, but that the rate of headpond filling
will be relatively slow.
An analysis of erosion potential indicates that the water level fluctuations associated with dam operations
should not have major impacts on the channel banks in the headponds. Immediately downstream of The
Chute, the bedrock and boulder sections appear to be well armored and should be able to withstand the
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variable flows supplied by the dam during operations. At the Third Falls facility, the operating plan will
result in controlled flows downstream that match the inflow upstream of The Chute site and are therefore
consistent with the current hydrological record. Due to this, erosion downstream of the tailrace area of the
Third Falls facility should not be altered significantly from existing conditions and the overall
geomorphology should be maintained.
A monitoring program should be developed to identify and quantify differences in pre- and postconstruction channel form and processes, including lateral migration, vertical channel adjustments,
change in channel capacity, substrate adjustment, and general channel performance. Due to the extent of
the zone of influence, the establishment of monitoring sections must be performed strategically in order to
most appropriately capture change within the river system due to the development. An adaptive
management plan should be developed to modify operations in the scenario that significant negative
impacts are observed during construction or post-development.
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Appendix A

Photo 1: Reach 2 – Looking upstream of Xeneca XS[-3],
with bar on right side of channel

Photo 2: Reach 2 – Looking downstream, bar along right bank
between Xeneca XS[-3] and XS[-2]

Photo 3: Reach 2 – Tributary into main channel

Photo 4: Reach 2 – Looking upstream from Xeneca XS[-1]

Photo 5: Reach 2 – General bank conditions Xeneca XS[-1]

Photo 6: Reach 3 – Looking downstream at Xeneca XS[0]

Photo 7: Reach 4 – Left bank downstream of Xeneca XS[1]

Photo 8: Reach 5 – Looking downstream from Xeneca XS[2]

Photo 9: Reach 6 – Looking downstream from PGL XS1

Photo 10: Reach 6 – General bank conditions

Photo 11: Reach 6 – Tributary into main channel

Appendix B

Photo 1: Reach 2 – Looking downstream

Photo 2: Reach 2 – General bank conditions

Photo 3: Reach 3 – Left bank at the top of the first set of
rapids, looking downstream

Photo 4: Reach 3 – At the top of the first set of rapids, looking
downstrem

Photo 5: Reach 3 – Steep chute along right bank of channel
at the rapids

Photo 6: Reach 4 – Pool area along right bank below first set
of rapids

Photo 7: Reach 5/6 – Third Falls

Photo 8: Reach 6 – Looking downstream immediately
downstream of the falls, island visible on left]

Photo 9: Reach 6 – Left bank downstream of falls

Photo 10: Reach 6 – Looking downstream

Photo 11: Reach 6 – General bank conditions

Photo 12: Reach 7 – Looking upstream at falls

Appendix C
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1. INTRODUCTION
1.1 Overview
This addendum is to be read in conjunction with the report titled ‘Ivanhoe River Hydroelectric Projects’
(2013), submitted by Parish Geomorphic Limited (PGL) to Xeneca Power Development Inc. (Xeneca). As
recommended by the Ontario Ministry of Natural Resources (MNR) following the submission of the Draft
Environmental Report (Xeneca, 2013), a comprehensive monitoring plan has been developed with the
purpose of ensuring that there are measures in place to detect any accelerated erosion that may
potentially occur due to dam operations. With this capacity established, any adverse erosion impacts
can be evaluated and rectified according to the adaptive management plan developed by Xeneca.
This document outlines the proposed geomorphic monitoring program which focuses primarily on
channel adjustments and sediment movement within the zone of influence (ZOI). Included is a
discussion of the strategic placement of the monitoring locations in order to obtain representative
conditions and the methodology to be used in order to determine if any observed impacts are related to
project operations.
1.2 Proposed Dam Sites
There are two facilities proposed along the Ivanhoe River: (1) The Chute Generating Station, and (2)
Third Falls Generating Station. The Chute is located approximately 85km west of Timmins and 15km
north of Highway 101. The proposed Third Falls site is approximately 79 km west of Timmins and 46 km
north of Highway 101, 44km downstream (north) of the proposed site at the Chute. It is located
immediately upstream of the Northern Claybelt Forest Complex Conservation Reserve. The two facilities
are proposed to be operated together and are hydrologically linked – the heapond for the Third Falls site
will extend upstream in to the downstream zone of influence of the Chute facility. The ZOI includes the
full extent of the Ivanhoe River and its tributaries extending from 6.4km upstream of The Chute facility
to the tailrace of the Third Falls facility. The Third Falls project is proposed as a run-of-river facility,
operating to moderate and re-naturalize the effects of The Chute facility (e.g. incoming flows to the
headpond of The Chute and outflows from the Third Falls tailrace will be monitored to ensure natural
flows continue to pass downstream of Third Falls into the Conservation Reserve: Qout Third Falls = Qin The Chute
+ QTributaries). Further information concerning the project can be found in the Project Description
document (Xeneca 2013) and Operations Plan document (Ortech 2013).
The field investigations for the PGL Geomorphic Assessment (2013) provided an initial screening of
channel processes and river dynamics and was limited mainly to the Ivanhoe River in the immediate
vicinity of the two proposed dam sites (2km upstream of The Chute to 1.8km downstream; 2.6km
upstream of Third Falls to 1.3km downstream). In the development of the monitoring plan, the scope
has been expanded such that the morphology of the Ivanhoe River and its tributaries throughout the
entire zone of influence (ZOI) is more fully considered.
1.3 Approach
The monitoring program will follow a ‘Before, After, Control, Impact’ (BACI) methodology (StewartOaten et al., 1986). This typically requires data on at least two sites, corresponding to a control site and
an impact site. Data are collected a number of times at both sites before the impact begins as well as
after. This allows for two treatments: before-after (i.e. pre-development vs. post-development) and
control-impact (Smith et al., 1993). There is the capability to incorporate the geomorphic monitoring
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program with other monitoring initiatives including those for water quantity (flows), water quality, and
fisheries.

2. Geomorphic Monitoring Program
2.1 Monitoring Parameters
The PGL monitoring program will involve establishing a number of stations along the Ivanhoe River in
order to identify and quantify channel form and processes including lateral migration, vertical channel
adjustments, change in channel capacity, substrate adjustment, and general channel performance. In
order to meet the objectives of the program the general approach outlined below will be followed for
the cross-sections established along the Ivanhoe River:
Channel Adjustment - At each station, a benchmarked channel section will be set-up and surveyed. This
section would be re-measured following the schedule outlined in Section 2.3. This would provide a
direct measure of changes in channel dimensions as well as changes in substrate, based on a modified
Wolman (1954) pebble-count performed along the cross-section. In deeper sections of the headponds,
grab samples of bed sediment should be collected at 3 locations (or the minimum number required to
obtain a representative sample) along the cross-section.
Bank Erosion – The surveyed channel cross-sections will provide insight on bank erosion and possible
retreat. To supplement the surveys, additional measurements will include the installation of a series
erosion pins in the banks at each of the stations. Additionally, general channel assessment should be
conducted to note any major changes, such as slope failures, bank erosion, etc, and these areas should
be added to the above monitoring (depending on the severity – local, minor changes should be
photographed, and larger changes should be surveyed).
Sediment Loads – Total suspended solids (TSS) has not been identified as a major concern for the study
area, however it will be measured at each station through the acquisition of water samples taken at
points across the section. With flow rate being monitored continuously at the dams, the ability to match
sampling results with flow rate provides a direct measurement of suspended sediment movement. The
results are converted into loads, which can provide insight on channel performance and water quality,
and inform management decisions. The collection of a number of TSS measurements and their related
flow rates allows for the development of a TSS rating curve.
2.2 Station Positioning
The proposed projects at The Chute and Third Falls are to be operated together and are therefore
hydrologically linked. In consideration of this operation, a holistic approach for the development
corridor will be taken to ensure that the morphology along the entire impacted length of the Ivanhoe
River and the tributaries is considered. Due to the extent of the zone of influence, it is important that
the establishment of monitoring sections be strategic such that the measurements made at the sections
are representative and can act as “indicators” of the overall morphological changes experienced in the
system. The approximate locations of each of the stations are presented in Figure 1 and Figure 2;
however, the ultimate location of each will be refined during the first field visit to establish the sites
such that the most advantageous positioning occurs (in terms of safety, accessibility, capturing
representative conditions, etc.). For example, a station will be set up at a section which is more likely to
experience erosion, i.e. where the boundary material is fine alluvial and glacial fluvial sediments, rather
than at sections consisting of bedrock outcrops.
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Station 1: The upstream ‘control’ station is to be located on the Ivanhoe River outside of the modeled
upstream impact zone of The Chute facility. The maximum extent of the headpond for The Chute is to be
6.4km upstream of the facility. Station 1 will be established approximately 7km upstream of the dam,
below the confluence of the Shawmere River with the Ivanhoe River. Being outside the limit of
inundation, monitoring at this section will be used to establish the natural variability in the river,
allowing for the ability to differentiate changes from those that are caused by the introduction of the
hydroelectric facility. At this location, a benchmarked cross-section which will be surveyed and substrate
sampling will occur. Also, erosion pins and observations will document possible changes in bank and
valley slope conditions. Water sampling will allow for the determination of TSS levels at the crosssection during some high flow events and at the scheduled sampling intervals. It should be noted that
the ‘natural variability’ of the river is in fact impacted by the operations of the Ivanhoe Dam which is
located approximately 40km upstream from The Chute and is operated to provide flood control and
recreational water levels on Ivanhoe Lake.
Station 2: An ‘impact’ station will be established in the impoundment just upstream (1.2km) of the
proposed The Chute dam site. The benchmarked cross-section taken at this station will allow for the
monitoring of possible siltation immediately upstream of the headworks, and pebble-counts being
performed across the section allows for the assessment of any changes in substrate composition. Crosssection surveys will allow for monitoring of any possible bank destabilization that results from
fluctuations in headwater stage due to operations and observations of shoreline conditions for erosion
and slumping will be made. Erosion pins will also be installed at this station to monitor bank erosion.
Water sampling for TSS at some high flow events and at scheduled intervals will allow for the
determination of the sediment loading arriving at the dam.
Station 3: An ‘impact’ station will be established approximately downstream (1.0km) of the proposed
The Chute facility. Typically the objective of establishing a benchmarked cross-section downstream of a
hydroelectric facility is to monitor whether the river adjusts faster post-development than under current
flow conditions due to higher-than normal outflows. A complicating factor arises with the headwater
fluctuation that will result from operation of the Third Falls facility downstream. In this situation, it may
be more difficult to identify whether a change immediately downstream of The Chute is directly
attributable to the operations of The Chute or operation of the Third Falls facility. Regardless, the
establishment of a cross-section at this location will allow for an examination of potential scour
downstream of the tailrace due to release rates, as well as changes in substrate composition that could
possibly be caused by The Chute dam restricting transport of materials from upstream. Standard erosion
pins will be used to complement the survey and observations will be noted to document any bank
slumping/erosion and slope failure. Water sampling will allow for the determination of TSS levels at the
cross-section during some high flow events and at the scheduled sampling intervals.
Station 4: A tributary ‘impact’ station will be established approximately 3km downstream of The Chute
project at Oates Creek. Along a reasonable distance upstream of the confluence with the Ivanhoe River,
conditions of the tributary will be documented (general channel dimensions, bank and slope conditions,
substrate type, etc.) such that possible change can be documented over time. Overall, two tributaries
are to be documented (see also Station 7), as it is possible that the features can act as indicators of not
only temporal change, but also of spatial difference in change throughout the Third Falls headpond.
Station 5: An ‘impact’ station will be established approximately 18km upstream of Third Falls. At this
location, a benchmarked cross-section which will be surveyed and substrate sampling will occur. Also,
erosion pins and observations shoreline conditions for erosion and slumping will be documented. Water
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sampling will allow for the determination of TSS levels at the cross-section during some high flow events
and at the scheduled sampling intervals.
Station 6: An ‘impact’ station will be established approximately 10.5km upstream of Third Falls. At this
location, a benchmarked cross-section which will be surveyed and substrate sampling will occur. Also,
erosion pins and observations shoreline conditions for erosion and slumping will be documented. Water
sampling will allow for the determination of TSS levels at the cross-section during some high flow events
and at the scheduled sampling intervals.
Station 7: A second tributary ‘impact’ station will be established at Komak Creek, approximately 6.3km
upstream of Third Falls. Along a reasonable distance upstream of the confluence with the Ivanhoe River,
conditions of the tributary will be documented (general channel dimensions, bank and slope conditions,
substrate type, etc.) such that possible change can be documented over time.
Station 8: An ‘impact’ station will be established in the impoundment approximately 1km upstream of
the proposed Third Falls dam site. The benchmarked cross-section taken at this station will allow for the
monitoring of possible siltation immediately upstream of the headworks, and pebble-counts being
performed across the section allows for the assessment of any changes in substrate composition. In
addition, cross-section surveys will allow for monitoring of any possible bank destabilization that results
from fluctuations in headwater stage due to operations. Erosion pins will also be installed at this station
to monitor bank erosion. Water sampling for TSS at some high flow events and at scheduled intervals
will allow for the determination of the sediment loading arriving at the dam.
Station 9: An ‘impact’ station will be established immediately downstream of the proposed Third Falls
facility. A benchmarked cross-section will be established to monitor whether the river adjusts faster
post-development than under current flow conditions. The proposed operating regime is such that flows
will be ‘re-naturalized’ so that there is no impact to the Northern Claybelt Forest Complex Conservation
Reserve found immediately downstream of the tailrace. The establishment of a cross-section at this
location will allow for an examination of potential scour downstream of the tailrace due to release rates
and changes in substrate composition that could possibly be caused by The Chute dam restricting
transport of materials from upstream. Standard erosion pins will be used to complement the survey and
observations will be noted to document any bank/slope erosion and failure. Water sampling will allow
for the determination of TSS levels at the cross-section during some high flow events and at the
scheduled sampling intervals.
Station 10: The downstream ‘control’ station is to be located on the Ivanhoe River outside of modeled
upstream impact zone of the dam at Third Falls. It will be located approximately 2.5km downstream of
the facility and will be located in the Northern Claybelt Forest Complex Conservation. Being outside the
ZOI, monitoring at this section will be used to establish ‘natural’ conditions, allowing for the ability to
differentiate changes from those that are caused by the introduction of the hydroelectric facility. At this
location, a benchmarked cross-section which will be surveyed and substrate sampling will occur. Also,
erosion pins and observations will document possible changes in bank and valley slope conditions.
Water sampling will allow for the determination of TSS levels at the cross-section during some high flow
events and at the scheduled sampling intervals.
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2.3 Measurement Schedule
Scheduled monitoring at the stations is to occur annually for the first five years of operation, and then in
year 7 and year 10. The monitoring program is designed to provide long-term insight into channel
processes and will allow for the evaluation of any potential risks that arise. In addition, it could be
possible that some measurements for TSS are made during high flow events during which channel
adjustments will occur and sediment will be transported.

3. CONCLUSION
A comprehensive monitoring plan has been developed with the purpose of ensuring that there are
measures in place to detect any accelerated erosion that may potentially occur due to dam operations.
Ten stations, including both control and impact stations, will be established within the study area in
order to follow the Before, After, Control, Impact method. An objective of the placement of the stations
was to allow for the documentation of conditions that is representative of the overall system. With this
capacity established, consistency of outcomes with model predictions can be ensured and any adverse
erosion impacts can be evaluated and rectified according to the adaptive management plan developed
by Xeneca.
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THE CHUTE

Figure 1: Monitoring Stations 1 - 4
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THIRD FALLS

Figure 2: Monitoring Stations 5 - 10
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