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1.0  INTRODUCTION 
 
GEO Morphix Ltd. (GEO Morphix) was retained by CBM Aggregates, a division of St. Marys Cement Inc. 
(Canada) (CBM), to conduct technical services to support the regulatory approvals for the Caledon 
Pit/Quarry licence application (the Project).  The technical services involved the completion of a fluvial 
geomorphic assessment in the receiving surface water environment of the proposed Caledon Pit/Quarry, 
specific to the tributary and mainstem channel system of the Credit River near Charleston Side Road.   
 
The purpose of this report is to present the methods and results of the fluvial geomorphic study at the 
subject channels of the Credit River and tributary system.  A summary of the study objectives and 
reporting structure is presented immediately below.  A description of the methods and results of the 
assessment follows.  
 
Project Overview and Study Objectives 
 
With reference to Figure 1, the proposed conditions for the Project include the discharge of pumped 
water from the planned pit/quarry operations (i.e., surplus water that is not managed directly at the 
site – estimated to be 18 L/s on an average annual basis as described in WSP [2023]) to a location on 
the southeast side of the Osprey Valley Golf Course (OVGC).  The surplus water will, in turn, be directed 
to one or more of the storage ponds at the OVGC, and, depending on the time of year and available 
storage capacity, relied on for irrigation purposes or returned to the receiving environment.  This 
considers that, under existing conditions, permitted water takings at OVGC (primarily obtained/pumped 
from the Credit River at a location immediately north of Pond 3 – East and used mainly for golf course 
irrigation), coupled with local runoff and groundwater inputs, are managed through the on-site pond 
system, noting the following, relevant drainage conditions and water management practices: 

 
 The network of ponds in the central portion of the site are relied on to convey the managed 

water from generally north to south (i.e., water is directed in series from Pond 3 – East through 
to Pond 4 – South), with the understanding that water above and beyond the storage capacity 
of the ponds is allowed to passively drain to an unnamed tributary of the Credit River (described 
herein as “Tributary 4”) at a location immediately downgradient of Pump House A (i.e., surplus 
water from Pond 4 – South collects at a wet well structure at the pumphouse, and, under 
overflow/bypass conditions, drains to Tributary 4 via a culvert).   

 
 The ponds at the far east side of the site (described herein as the “East Ponds”) have no 

connection to the existing water management network/infrastructure in the central part of the 
site and serve to capture and convey local runoff to the Credit River by way of a small outlet 
channel (also an unnamed tributary of the Credit River and described herein as the “East Ponds 
Outlet Channel”), recognizing that water from the ponds drain to the outlet channel via a culvert, 
as well as through other surface and subsurface flow paths (i.e., flows have been shown to 
overtop the outlet berm and also enter the downstream channel through subsurface pathways 
in the berm). 

 



 

 2 PN-24061 

It also considers that, based on site observations and discussions with CBM to date, the proposed 
conditions for the Project include two conveyance path alternatives to direct the discharge waters from 
the Caledon Pit/Quarry to the Credit River:  
 

1. Tributary 4 via the network of ponds and related water management infrastructure (existing or 
planned) in the central portion of the OVGC site. 

2. The East Ponds and associated East Ponds Outlet Channel on the east side of the OVGC site via 
the installation of new water management infrastructure at the golf course facility (to direct 
water to the East Ponds from the central part of the site). 

 
The regulatory review of the licence application for the Project has been ongoing in recent years.  As 
part of this review process, the Credit Valley Conservation Authority (CVC) has communicated concerns 
that the proposed discharge activities from the Caledon Pit/Quarry have the potential to increase rates 
of erosion-sedimentation at the mainstem channel of the Credit River and/or channels of the contributing 
tributaries.   
 
Based on the above, GEO Morphix was tasked to complete a fluvial geomorphic study at the subject 
channels of the Credit River and tributary system (specifically Tributary 4 and the East Ponds Outlet 
Channel, given that each feature was identified as a potential conveyance path alternative) to assess 
the potential for Project-related effects on characteristic erosion-sedimentation processes, and, where 
appropriate, to identify suitable mitigation measures.  The results of the geomorphic assessment will be 
used to address the comments from CVC, and, as part of this, to inform the discharge capacity and 
control requirements at the subject receiving channels, as well as to comment on the preferred 
conveyance path alternative.       
 
Reporting Structure 
 
The remaining part of this report has been organized into three main sections.  The methods and results 
are described in Section 2.0 and Section 3.0, respectively, while a summary and discussion are outlined 
in Section 4.0.  
 
2.0  METHODS 
 
As illustrated on Figure 2, the fluvial geomorphic studies were conducted at the following locations of 
the Credit River and tributary system: 
 

 Unnamed tributary of the Credit River that is described herein as Tributary 4. 
 Unnamed tributary of the Credit River that is described herein as the East Ponds Outlet Channel. 
 Credit River from a location approximately 100 m upstream of the confluence with Tributary 4 

to a location approximately 100 m downstream of the confluence with the East Ponds Outlet 
Channel. 

 
The studies included the completion of an existing conditions assessment, as well as an erosion threshold 
assessment.  The methodology for these studies is detailed below. 
 
Existing Conditions Assessment 
 
The existing conditions assessment involved the completion of desktop- and field-based studies to 
characterize the past and present channel morphology (including erosion-sedimentation patterns and 
associated bed and bank stability) in the subject receiving environment.  Each component of the existing 
conditions assessment is outlined below.  
 
The desktop analyses comprised a review of available study reports and data records for the site to 
assist in the general characterization of channel and watershed conditions at the subject watercourses, 
as well as to guide or inform the field studies (e.g., selection of representative channel units for the 
detailed geomorphic assessment) and the erosion threshold assessment.  The relevant materials for the 
desktop review included the following: 
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 Mapping and imagery for the subject watersheds (i.e., soils and geological information, LiDAR 
and other topographic mapping, and historical and recent aerial photographs/imagery) that 
were obtained through publicly available sources. 

 Flow estimates (e.g., average monthly flows, return period flow rates, etc.) for the subject 
channels that were obtained from WSP. 

 Past environmental studies and reporting for the Project that were obtained from WSP.   
 
The field studies involved the completion of rapid and detailed geomorphic assessments between July 
23 and July 25, 2024, as well as other cursory level, visual inspections on June 17 and July 18, 2024 
(to support the planning and implementation of the detailed field work, and, in the case of the July 18 
visit, to observe high flow conditions at the subject channels following the major rainfall event on July 
16).  The specific field activities included the following at each of the subject channels: 
 

 Completion of a Rapid Geomorphic Assessment (MOE, 2003) and Rapid Stream Assessment 
Technique (Galli, 1996) to evaluate channel stability and stream 'health', respectively.  
 

 Completion of rapid-based habitat sketch maps and related observation logs in accordance with 
Newson and Newson (2000) to document the presence of, or variations to, channel bedform 
features (e.g., riffles and/or nick points, etc.), meander bend patterns/sequences, areas of 
active channel and valley slope erosion, channel substrate types and flow patterns, woody debris 
and other instream structures, and riparian vegetation. 
 

 Detailed measurements of channel geometry and hydraulics, including bankfull width and depth, 
side and channel slope, channel entrenchment heights, pool and riffle flow depths, vegetation 
rooting depths, and flow velocity, noting that the various measurements of channel geometry 
were obtained through the completion of a targeted topographic survey (using RTK GPS survey 
equipment) at several representative channel cross-sections and profile units, while the flow 
velocity measurements were obtained via the floating ball method at a similar set of locations. 
 

 Detailed characterization of bed and bank materials via the completion of a modified Wolman 
(1954) pebble count technique at the identified cross-section locations, supplemented, where 
needed, with the sampling of the fine-grained component of the substrate and subsequent 
testing of this material at an accredited laboratory for grain size distribution (i.e., bed and bank 
materials were sampled at discrete locations using an Ekman dredge sampler, and, in turn, the 
samples were issued to the laboratory for physical analysis). 

 
Following the completion of the field investigations, the full set of field data was compiled and 
summarized to facilitate the characterization of existing channel conditions and associated controls on 
channel morphology at the watercourse network, and, as part of this, to develop several detailed desktop 
analyses. The topographic survey data, in particular, was used, in combination with other key 
measurements and standard coefficients, to estimate bankfull flow characteristics (e.g., discharge, 
average velocity, stream power, tractive force, and flow competency) at the subject channels.  The 
same information was relied on to derive erosion thresholds for the receiving environment (described in 
the section below). 
 
Erosion Threshold Assessment 
 
The erosion thresholds for the subject channels (i.e., flow rates that would be expected to maintain 
physical stability at the subject channels) were quantified, in the form of a “critical discharge”, based 
on the observed substrate (bed and bank) materials and channel geometry.  The derivation of the critical 
discharge estimates involved the calculation of flow velocity, U, and shear stress, t, values under a range 
of flow rates and associated depths for a representative cross section, and, in turn, the comparison of 
these values against the assumed threshold for the bed and bank materials (i.e., the theoretical flow 
velocity or shear stress that would be expected to result in entrainment and transport of sediment based 
on Julien [1998], Fischenich [2001], Chow [1959], and others).  The results of the comparison were 
then used to determine the point at which a given flow condition at the channel (using velocity and 
shear stress as the proxy) was shown to “exceed” the threshold of the substrate.    
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The flow velocity estimates were determined using a Manning’s approach; mathematically represented 
as: 
 
� = �

�
�� �� �� ��  [Eq. 1] 

 
where, d is depth of water, S is channel slope, and n is the Manning’s roughness. 
 
The shear stress estimates were determined using the depth-slope product; mathematically represented 
as: 
 
� = ����bed [Eq. 2] 
 
where � is shear stress, d is the water depth, ρ is water density, g is acceleration due to gravity, and 
Sbed is the channel bed slope. 
 
The erosion thresholds for the subject channels were determined for both bed and bank materials, noting 
the following: 
 

 The lower of the two erosion threshold values was adopted at a given location to maintain a 
conservative and limiting estimate.   
 

 The erosion threshold estimates at the banks were scaled by a factor of 0.75 in accordance with 
Chow (1959) to account for the inferred reduction in shear stress and velocity at the channel 
margins. 

 
For added context to assess the potential for Project-related effects on characteristic erosion-
sedimentation processes at the subject channels, the erosion threshold estimates were compared 
against the characteristic flow conditions for the local surface water system.  The flow information for 
each of the watercourses were provided by WSP and included estimates of mean, minimum, and 
maximum monthly flow rates, as well as flood flow conditions under the 2-year, 5-year, and 10-year 
return period events, with the understanding that the flow estimates at each of the subject channels 
were derived by pro-rating flow records (i.e., daily discharge data) from local Water Survey of Canada 
stream gauge stations. 
 
3.0  RESULTS 
 
Existing Conditions Assessment 
 
The detailed results from the existing conditions assessment at the subject channels are presented in 
Appendices A, B, and C.  This includes the documented records of observed channel morphology in 
Appendix A (photographs) and Appendix B (field measurements and sketches), as well as a detailed 
summary of the characteristic geomorphology and hydrotechnical conditions in Appendix C. 
 
With reference to Photographs 1 through 4 (embedded below), the key findings from the existing 
conditions assessment are listed below for each of the subject channels: 
 

 The observed channel morphology at the Credit River (from approximately 100 m upstream of 
the confluence with Tributary 4 to a location approximately 100 m downstream of the confluence 
with the East Ponds Outlet Channel) demonstrated mostly alluvial controls and included the 
following attributes: 

o Channel features were well-defined (i.e., incised channel with prominent bed and banks) 
with low to moderate entrenchment relative to the surrounding terrain; 

o Channel planform was characterized by a moderate, irregular meander pattern with 
partial valley confinement; 

o Bed form included alternating riffle-pool sequences (or run and pool features) for the 
bulk of the surveyed section; 

o Channel gradient was minor (<0.5%) for the majority of the surveyed section; 
o Channel geometry was broad and largely trapezoidal with: 
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 average bankfull widths ranging from 14.19 m to 14.70 m; 
 average bankfull depths varying from 0.66 m to 1.02 m; and 
 bank angles ranging from 15 to 90o. 

o Erosion and/or depositional features at the channel included undercutting of banks (on 
the order of 0.10 m to 0.82 m) for the majority of the surveyed section, as well as 
discrete instances of leaning trees and valley wall contact;   

o Instream controls included instances of woody debris (of moderate densities); 
o Bank materials were composed of mostly fine-grained sediment (i.e., silty/sandy clay 

with instances of small to large cobbles), while bed materials comprised sands (ranging 
from very fine to very coarse sand) and small to large cobbles; 

o Surface flows were generally low to moderate (i.e., water levels were below bankfull – 
albeit notably higher during the site visit on July 18 that followed the major rainfall 
event) and exhibited a visible surface current; and  

o Riparian zone spanned more than 10 channel widths and consisted of a continuous cover 
of mature and well-established vegetation (including trees and shrubs). 

 
 The observed channel morphology at the East Ponds Outlet Channel (a short, section of 

channel approximately 33 m in length) showed mostly alluvial controls and included the 
following attributes:  

o Channel features were well-defined with moderate entrenchment relative to the 
surrounding terrain; 

o Channel planform was straight and confined; 
o Bed form was mostly flat; 
o Channel gradient was low (<1.0%); 
o Channel geometry was narrow and mostly trapezoidal with: 

 average bankfull widths of 2.53 m; 
 average bankfull depths of 0.31 m; and 
 bank angles of 40 to 70o. 

o Erosion and/or depositional features at the channel included: 
 A knickpoint at the upstream extent of the channel (located immediately 

downstream from the berm at the East Ponds where flows were conveyed from 
the upstream pond to the downstream channel via a degraded, 0.3 m diameter 
culvert, as well as by way of throughflow and overflow at the berm itself [as 
observed both in June and July, 2024]); 

 Undercutting of the banks on both sides of the channel for approximately 60% 
of the surveyed length; and 

 A small, vegetated island (sand deposit) immediately upstream of the 
confluence with the Credit River (likely indicative of backwater effects / 
dispositional influences from the mainstem channel). 

o Instream controls included some woody debris and vegetation encroachment; 
o Bank materials were composed of silt and fine to medium sand with small to large 

cobbles, while bed materials consisted of medium to very coarse sand with cobbles; 
o Surface flows were generally low at the channel; and  
o Riparian zone spanned between 4 and 10 channel widths and consisted of a dense cover 

of mature cedar trees. 
 

 The observed channel morphology at Tributary 4 (section that extends from the golf course 
limits near Pumphouse A to the confluence with the Credit River) demonstrated alluvial and 
wetland controls and included the following attributes: 

o Channel features were largely ill-defined (i.e., absence of discernible bed and/or banks) 
except for at the downstream-most extent of the watercourse (~ 75 m length of 
channel) that supported incised conditions; 

o Channel planform (or primary flow path of the watercourse) was characterized by a 
moderate and irregular meandering pattern; 

o Bed form (where present) was mostly flat; 
o Channel or valley gradient was low (<1.0%); 
o Channel geometry (where present) was narrow and mostly trapezoidal with: 

 average bankfull widths of 2.89 m; 
 average bankfull depths of 0.20 m; and 
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 bank angles of 15 to 45o. 
o Erosion and depositional features were mostly absent;  
o Instream controls included moderate to high density woody debris, heavy vegetation 

encroachment, and rooted emergent aquatic vegetation;  
o Bank materials (where present) were composed of clays with silts and sands (ranging 

from very fine to coarse sand) and occasional gravels, while bed materials consisted of 
fine to medium sand with small to large cobbles; 

o Surface flows were largely discontinuous (the watercourse was characterized by dry 
channel conditions and/or a series of mostly isolated ponded features at the time of the 
field visits in June and July, 2024) except for at the downstream-most extent of the 
watercourse that supported flowing conditions (albeit nominal in magnitude); and  

o Riparian zone spanned over 10 channel widths and comprised a dense cover of trees, 
shrubs, and low-lying vegetation. 

 
 

Photograph 01: Credit River near confluence 
with Tributary 4 (June 2024). 

Photograph 02: East Ponds Outlet Channel near 
confluence point with Credit River (June 2024). 

Photograph 03: Tributary 4 at a location 
downgradient of the OVGC access road (June 
2024). 

Photograph 04: Tributary 4 near confluence 
point with Credit River (June 2024). 

 
 
A summary of the key characteristics at the subject channels is provided in Table 1 and includes field-
surveyed (or -inferred) channel dimensions and conditions, desktop-based hydraulic and catchment 
area calculations, and pebble count derived grain sizes.  
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Table 1. Summary of Observed and Derived Geomorphic and Hydrotechnical Conditions at 
Subject Channels 

Geomorphic and 
Hydrotechnical 
Parameters at 

Selected Cross-
Section Location 

Subject Channel 

Tributaries of Credit River Mainstem of Credit River 

East Ponds Outlet 
Channel (2) Tributary 4 (3) 

Credit River at 
East Ponds 

Outlet Channel 

Credit River at 
Tributary 4 

Catchment Area 
(ha) (1) 16  229 15,051 14,759 

Surveyed Channel 
Gradient (%) 0.71  0.96 0.38 0.30 

Surveyed Bankfull 
Width (m) 2.53 2.89 14.19 14.70 

Surveyed Bankfull 
Depth (m) 0.31 0.20 1.02 0.66 

Bed material – 
Calculated D50 
(mm) (4) 

10.8 <2mm 26.2 27.9 

Bank material – 
Observed  

Silty sand with small 
to large cobbles 

Silty clay with fine 
to medium sand 

Silty/sandy clay 
with small to 
large cobbles 

Silty/sandy clay 

Inferred 
Manning’s n 0.045 0.045 0.045 0.045 

Field Measured 
Flow (m3/s) (5) 0.021 No Flow (Standing) 0.547 0.450 

Calculated 
Bankfull Discharge 
(m3/s) 

0.41 0.44 14.75 8.95 

Calculated 
Bankfull Velocity 
(m/s) 

0.71 0.75 1.02 0.92 

(1) Catchment areas at the subject channels were estimated based on the Ontario Watershed Information Tool 
(OWIT), noting that the estimated catchment area for Tributary 4 does not account for the 
seasonal/intermittent drainage from the irrigation ponds at OVGC. 

(2) Calculated hydraulic conditions at East Ponds Outlet Channel (as well as the surveyed channel gradient) 
were estimated based on the channel length located downstream of the knick point and berm.   

(3) Surveyed channel dimensions and calculated hydraulic conditions at Tributary 4 were estimated at the 
location that included discernible bed and banks (i.e., incised channel at the downstream-most extent of 
the watercourse). 

(4) The full suite of available pebble count results on a reach-specific scale were used to generate the reported 
bed material values for each of the subject channels (i.e., calculated D50 values).  The laboratory-based 
grain size results were used, for descriptive purposes, to provide a more fulsome characterization of the 
fine-grained component of the sampled substrate (or, in case of sites/samples dominated by fines, relied 
on to infill for the calculated D50 values where pebble count analyses were not possible or practical). 

(5) Field measured flows were obtained from July 23 to July 25, 2024. 
 
  



 

 8 PN-24061 

Erosion Threshold Assessment 
 
The results of the erosion threshold assessment are presented in Tables 2 and 3.  This includes the 
estimated erosion thresholds for each of the subject channels (Table 2), as well as a comparison of the 
threshold values with the characteristic flow conditions to provide a means of assessing the channel 
capacity to accommodate added flow contributions from the Project or other (Table 3).  

Table 2. Summary of Erosion Threshold Results at Subject Channels 

Geomorphic 
and 

Hydraulic 
Parameters 
at Selected 

Cross-
Section 
Location 

Subject Channel 

Tributaries of Credit River Mainstem of Credit River 

East Ponds 
Outlet Channel Tributary 4 

Credit River at 
East Ponds 

Outlet Channel 

Credit River at 
Tributary 4 

 Bed Bank Bed Bank Bed Bank Bed Bank 

Critical 
Velocity or 
Shear Stress 

0.45 
m/s 

0.34 
m/s 

0.46 
m/s 

7.18 
N/m2 

0.76 
m/s 

0.53 
m/s 

0.76 
m/s 

7.18 
N/m2 

Critical 
Discharge 
(m3/s) 

0.100 0.100 0.134 0.149 3.859 3.153 3.668 2.284 

Erosion 
Threshold 
(m3/s) 

0.100 0.134 3.153 2.284 

Notes on 
Critical 
Discharge 
Estimates 

Critical velocities of 
0.34 m/s and 0.45 
m/s were based on 
Julien (1998) for 
“medium sand” and 
“firm sandy loam”, 
respectively; each of 
which corresponded 
to a critical discharge 
of 0.100 m3/s.   
 
For the purposes of 
maintaining 
conservative 
estimates, the 
observed cobbles at 
the channel (present 
as a minor 
component at both 
the bed and banks) 
were not considered 
in the erosion 
threshold 
calculations. 

 
Critical velocity of 
0.46 m/s at the bed 
was based on 
Fischenich (2001) for 
a “fine to medium 
sand” and resulted in 
a critical discharge of 
0.134 m3/s.  
 
Critical shear stress of 
7.18 N/m2 at the 
banks was based on 
Chow (1959) for 
“fairly compact sandy 
clays” and resulted in 
a critical discharge of 
0.149 m3/s.  
 
For the purposes of 
maintaining 
conservative 
estimates, the 
observed cobbles at 
the channel bed 
(present as a minor 
component at most 
locations) were not 
considered in the 
erosion threshold 
calculations. 

Critical velocity of 
0.76 m/s at the bed 
was based on 
Fischenich (2001) 
for “small cobbles” 
and resulted in a 
critical discharge of 
3.859 m3/s.   
 
Critical velocity of 
0.53 m/s at the 
banks was based on 
Julien (1998) for 
“sandy-loamy clay” 
and resulted in a 
critical discharge of 
3.153 m3/s.  
 
For the purposes of 
maintaining 
conservative 
estimates, the 
observed cobbles at 
the channel banks 
(present on a 
variable basis) were 
not considered in 
the erosion 
threshold 
calculations. 

Critical velocity of 
0.76 m/s at the bed 
was based on 
Fischenich (2001) for 
“small cobbles”; 
corresponding to a 
critical discharge of 
3.668 m3/s. 
 
Critical shear stress of 
7.18 N/m2 at the 
banks was based on 
Chow (1959) for 
“fairly compact sandy 
clays”; corresponding 
to a critical discharge 
of 2.284 m3/s.    
 
For the purposes of 
maintaining 
conservative 
estimates, the 
observed cobbles at 
the channel banks 
(present on a variable 
basis) were not 
considered in the 
erosion threshold 
calculations. 
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Table 3. Comparison of Erosion Threshold Results with Characteristic Flow Conditions at 
Subject Channels 

Characteristic Flow 
Rate 

Existing Flow at 
Channel (m3/s) 

Proportion of Flow at 
Channel Relative to 
Critical Discharge 

(%) 

Proportion of Flow at 
Channel Relative to 
Critical Discharge 

(m3/s) 

East Ponds Outlet Channel (ET 0.100 m3/s) 

Field-Measured Flow 0.021 21% -0.079 

Min Monthly Flow 0.001 1% -0.099 

Max Monthly Flow 0.004 4% -0.096 

2-Year Flow 0.068 68% -0.032 

5-Year Flow 0.127 127% +0.027 

10-Year Flow 0.157 157% +0.057 

Tributary 4 (ET 0.134 m3/s) 

Field-Measured Flow No Flow (Standing) N/A N/A 

Min Monthly Flow 0.014 10% -0.12 

Max Monthly Flow 0.052 39% -0.082 

2-Year Flow 0.525 392% +0.39 

5-Year Flow 0.914 682% +0.78 

10-Year Flow 1.196 893% +1.06 

Credit River at East Ponds Outlet Channel (ET 3.153 m3/s) 

Field-Measured Flow 0.547 17% -2.61 

Min Monthly Flow 0.939 30% -2.21 

Max Monthly Flow 3.410 108% +0.26 

2-Year Flow 11.405 362% +8.25 

5-Year Flow 21.362 672% +18.21 

10-Year Flow 29.469 935% +26.32 

Credit River at Tributary 4 (ET 2.284m3/s) 

Field-Measured Flow 0.450 18% -1.83 

Min Monthly Flow 0.921 40% -1.36 

Max Monthly Flow 3.343 146% +1.06 

2-Year Flow 11.236 492% +8.95 

5-Year Flow 21.046 921% +18.76 

10-Year Flow 29.033 1,271% +26.75 
 
 
The key findings from the comparison of the erosion threshold estimates with the characteristic flow 
conditions are presented below:  
 

 Mainstem of Credit River – The characteristic flow rates at the mainstem of the Credit River 
were shown to be lower than the estimated erosion thresholds for flow rates up to and including 
the minimum monthly flows (at both areas of interest at the river – downstream of each of the 
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confluence points with the subject tributary channels).  This suggests that, under existing 
conditions, channel stability at the Credit River can be maintained under low to moderate flows, 
but sediment entrainment and transport is inferred under seasonally higher flow rates (e.g., 
spring freshet) and larger flood flow conditions.  To that end, the capacity of the channel to 
accommodate additional flow volumes from the Project or other would be expected to align to 
this same flow regime.  However, for added context, it is important to point out that the 
preliminary estimates of average annual pump rates from the Project (i.e., 18 L/s as described 
in WSP [2023]) represent less than 1% of the maximum monthly flow and 2-year flood event 
at the Credit River, meaning that, even under high flow events, the supplementary flows 
(assuming some or all would passively drain from OVGC to the receiving environment) would 
serve to provide little to no added risk of heightened rates of channel erosion.     

 
 Tributaries of Credit River – The characteristic flow rates at the East Ponds Outlet Channel 

and Tributary 4 were shown to be lower than the estimated erosion thresholds for flow rates up 
to and including the maximum monthly flows, and, in the case of the East Ponds Outlet Channel, 
the 2-year flow event.  This suggests that, under existing conditions, channel stability at the 
subject tributaries of the Credit River can be maintained under a wide range of low to high flow 
conditions, and, because of this, the capacity of the respective channels to accommodate 
additional discharge volumes during similar types of flow periods would be expected to follow 
suit.  Similar to the identified comparisons for the mainstem of the Credit River, the estimated 
average annual pump rate from the Project represents less than 3% and 2% of the respective 
2-year event and 5-year event at Tributary 4, meaning that, under larger flood flow events, the 
supplementary flows would be equally inconsequential from the standpoint of added erosion 
risks.  In contrast, for the East Ponds Outlet Channel, the estimated average annual pump rate 
from the Project represents approximately 26% and 14% of the respective 2-year event and 5-
year event.  

 
 
4.0  SUMMARY OF RESULTS AND DISCUSSION 
 
Based on a review of the results from the fluvial geomorphology study at subject channels of the Credit 
River and tributary system, Project-related effects on the characteristic erosion-sedimentation processes 
in the receiving environment are expected to be negligible.  This considers that the subject channels 
were shown to be relatively stable under existing conditions, noting some evidence of active erosion 
processes (widening and degradation) at the East Ponds Outlet.  It also considers that, based on the 
derived erosion thresholds and the preliminary estimates of average annual pump rates from the Project, 
the subject channels include sufficient capacity to accommodate an increase in flows (while still 
maintaining channel stability) under a relatively wide range of runoff conditions.    
 
Further to the above, the results review suggested that Tributary 4 would serve as the preferred 
conveyance path to direct the discharge waters from the Caledon Pit/Quarry to the Credit River (via the 
OVGC).  This was based on the following inferences and observations: 
 

 The existing irrigation infrastructure/network at the OVGC site, coupled with the associated 
passive drainage processes, could be relied on to manage the discharge waters from the 
proposed Caledon Pit/Quarry (through a new or amended PTTW), with the understanding that, 
given the expected water demands at the golf facility, the storage and taking practices at the 
irrigation ponds could serve to reduce the actual quantity of water directed to the Credit River 
(i.e., some or all of the pumped water could be re-purposed for irrigation depending on the time 
of year), and, as part of that, further limit any added risk of increased rates, however negligible, 
of downstream erosion-sedimentation processes.    
 

 Channel stability at Tributary 4 was shown to be especially prominent, with specific consideration 
of the low gradient of the channel and associated wetland influences, the dense/heavy 
vegetation cover at the banks and overbank zone, the strong connection to the floodplain, and 
the absence of erosion and depositional features. 
 

 The estimated erosion threshold at Tributary 4 was shown to be slightly higher than the 
associated value at the East Ponds Outlet Channel. 
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Of note, the East Ponds Outlet Channel could still serve as a potentially viable option to receive and 
convey supplementary flows from the Caledon Pit/Quarry and OVGC (given that the channel was shown 
to support relatively stable conditions [albeit with some evidence of active erosion] and demonstrated 
a suitable level of capacity to accommodate additional flows).  However, the implementation of this 
alternative would likely require alterations to one or both of the outlet structure/berm and channel to 
improve the physical stability and drainage capacity of the outlet area and the installation of new water 
management infrastructure at the OVGC (to direct water to the East Ponds from the central or other 
part of the site).  
 
Staying on the topic of potential mitigation requirements and assuming that pump rates from the Project 
remain generally in line with the preliminary estimates from WSP (2023), there is no evidence to suggest 
that channel protection measures would be required at Tributary 4, or, for that matter, the Credit River, 
to accommodate the additional flow inputs.  However, in the interest of maintaining channel stability in 
the receiving environment, and as part of this, appropriately managing the discharge of pumped water 
to OVGC, the implementation of the following general mitigation plan is recommended at the Tributary 
4 and Credit River system: 
 

 During typical/normal flow conditions (i.e., periods of low to moderate flow rates), the total 
flows at Tributary 4 and the Credit River (including any supplementary flows that are allowed to 
passively drain from the OVGC site) should be maintained at or below the erosion threshold 
limits for the subject channels; and  
 

 During comparatively higher flow events (when flow rates could theoretically exceed the 
estimated critical discharge limit), the total flows at Tributary 4 and the Credit River (including, 
again, any supplementary flows that are allowed to passively drain from the OVGC site) should 
be maintained within 5% of the estimated flow rates under existing conditions, recognizing that 
this upper bound (of 5%) is expected to be well within the range of natural variation for a given 
flow event.   

 
 
CLOSURE 
 
We trust that the content of this technical memorandum meets your current requirements.  However, 
should you have any questions or comments, please direct them to the undersigned.  
 
Respectfully submitted,  
 
 

 
 

 
 

Karine Smith, M.Sc. 
Environmental Scientist 

Jan Franssen, Ph.D  
Senior Watershed Scientist 

 
 

         

 
Andrew Forbes, M.Sc., P.Geo. 
Associate Director, Technical Lead 
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East Ponds Outlet Channel - facing downstream at the upstream portion of the reach. 
Heavy encroachment of vegetation into the channel was observed throughout the 

upstream extent. 
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East Ponds Outlet Channel – facing upstream within the upstream extent. A knickpoint 
and culvert were identified immediately downstream of the East Ponds berm. 
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East Ponds Outlet Channel – facing downstream. Undercutting was observed along the 

left bank. 
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East Ponds Outlet Channel – Bed materials consisted predominantly of medium to very 
coarse sand. 
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East Ponds Outlet Channel – Bank materials consisted predominantly of silt and fine to 

medium sand, with small to large cobbles. 
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East Ponds Outlet Channel – facing upstream at the confluence with the Credit River. A 
small vegetated island was present at the confluence. 
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Tributary 4 – facing downstream at the upstream extent. A high density of woody debris 

was found throughout the channel. 
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Tributary 4 – facing downstream. Heavy encroachment is observed throughout, with no 
observed evidence of erosion-sedimentation features. 
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Tributary 4 – the channel was poorly-defined and dry at time of assessment with the 

upstream extent, with some ponded water found within pools. 
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Tributary 4 – bed materials along the downstream extent consisted of fine to medium 
sand and scattered small to large cobbles. 
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Tributary 4 – bank materials along the downstream extent consisted of silty-clays and 

very fine to coarse sand. 
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Tributary 4 – facing downstream near the confluence with the Credit River at the 
downstream extent. The channel widened and small to large cobbles were apparent along 

the bed. 
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Credit River – taken downstream of the confluence with Tributary 4, facing downstream. 
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Credit River – facing the left bank. Undercutting and exposed roots were observed 
downstream of the confluence with Tributary 4. 
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Credit River – facing upstream. The Credit River flows through an open meadow located 

between the confluence with Tributary 4 and the East Ponds outlet channel. 
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Credit River – facing upstream, downstream of the confluence with  the East Ponds outlet 
channel . 
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Credit River – facing the left bank, downstream of the confluence with the East Ponds 

outlet channel. Valley wall contact was observed. 
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Credit River – facing the right bank, upstream of the confluence with the East Ponds 
outlet channel. Bank materials consisted of fairly compact silty/sandy clays with small to 

large cobbles. 
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Appendix C 

Detailed Field Assessment Summaries 



Project Number: Date: 

Client: Length Surveyed (m):

Location: # of Cross-Sections: 

Drainage Area: Dominant Riparian Vegetation Type: 

Geology/Soils: Extent of Riparian Cover: 

Surrounding Land Use: Width of Riparian Cover: 

Valley Type: Age Class of Riparian Vegetation: 

Dominant Instream Vegetation Type: Extent of Encroachment into Channel:
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Measured Discharge (m
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/s): Calculated Bankfull Discharge (m
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Bankfull Width (m):

Average Bankfull Depth (m):

Bankfull Width/Depth (m/m):

Wetted Width (m):

Average Water Depth (m):

Wetted Width/Depth (m/m):

Entrenchment (m):

Entrenchment Ratio (m/m):

Maximum Water Depth (m):

Manning's n :

Particle Size (mm) Subpavement:  

D10 : Particle shape: Sub-angular, Sub-rounded

D50 : Embeddedness (%):

D84 : Particle range: Sand - Cobbles

Till

10 - 40

0.11

(ER < 1.4)

Entrenched

49.0

10.8

<2.0

1.343.75

7.5

0.35

0.07

Representative Cross-Section #2

Cumulative Particle Size Distribution
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Substrate Characteristics

0.045

22.125.6
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19.1
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Average
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Flow Competency (m/s): Tractive Force at Bankfull (N/m2):

for D50: Tractive Force at 2-year flow (N/m
2
):

for D84: Critical Shear Stress (D50) (N/m
2
):

Unit Stream Power at Bankfull (W/m
2
):

Insert Photograph

The East Ponds Outlet Channel is a minor, ~35m tributary of the Credit River in Caledon, ON which conveys flows

from the southeast side of the Osprey Valley Golf Course (OVGC) through a series of inline ponds, and into the 

mainstem of the Credit River. During the time of assessment, water was observed overtopping the banks of the 

nearest upstream inline pond, permitting flow through the subject reach, with no flow observed from the outflanked

tile drain. The subject reach consisted of a straight channel within a confined, forested valley with a prominent 

knickpoint (~0.75m) at the upstream extent, revealing the exposed tile. Channel bed morphology was notably 

homogeneous downstream of the knickpoint and was planar in profile; however, channel substrates became gradually

finer downstream, with materials consisting of sand and  small to large cobbles (Embeddedness: 10-40%; D50: 10.8

mm).  The channel exhibited multiple indicators suggestive of aggradation, widening and degradation. Aggradation 

processes were supported by the observed sediment accumulation at the downstream extent, but was ultimately 

secondary to widening and degradational processes. These processes were evidenced by the persistent scour and 
exposed roots observed along the toe of the valley wall, as well as the exposed tile drainage.

Not modelled

21.63

Channel Description

0.59

1.18

18.57

7.83

Channel Thresholds

Cross Section 3 - Facing Downstream

General Field Observations
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Project Number: Date: 

Client: Length Surveyed (m):

Location: # of Cross-Sections: 

Drainage Area: Dominant Riparian Vegetation Type: 

Geology/Soils: Extent of Riparian Cover: 

Surrounding Land Use: Width of Riparian Cover: 

Valley Type: Age Class of Riparian Vegetation: 

Dominant Instream Vegetation Type: Extent of Encroachment into Channel:

Portion of Reach with Vegetation: Density of Woody Debris: 

Estimated Discharge (m
3
/s): Estimated Bankfull Discharge (m

3
/s):  

Modelled 2-year Discharge (m
3
/s): Estimated Bankfull Velocity (m/s):    

Modelled 2-year Velocity (m/s):

Bankfull Gradient (%): Sinuosity:

Channel Bed Gradient (%): Meander Belt Width (m):

Riffle Gradient (%):    Radius of Curvature (m):

Riffle Length (m): Meander Amplitude (m):

Riffle-Pool Spacing (m): Meander Wavelength (m):

Minimum Maximum Average Minimum Maximum Average

Bank Height (m): Penetrometer Value (kg/cm3): 0.25 2.5 1.4

Bank Angle (deg): Bank Material (range): 

Root Depth (m):

Root Density (%):

Bank Undercut (m): 0.00

1.02

1.46

14.75

Detailed Geomorphological Assessment Summary
Credit River at East Ponds Outlet Channel

Clay, Silt, Sand, Cobbles90

0.28

1.35 2.75

Planform Characteristics

627.9

201.5

150.2

Reach Characteristics

Hydrology

Longitudinal Profile

Profile Characteristics
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>10 Channel Widths

150.51 km
2

11.32

176.03

96.42

0.50

62

1.50

0.82

40

0.50

15 33

Glaciofluvial and Organic Deposits

Forest / Golf Course

Partially Confined

See Report
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Bankfull Width (m):

Average Bankfull Depth (m):

Bankfull Width/Depth (m/m):

Wetted Width (m):

Average Water Depth (m):

Wetted Width/Depth (m/m):

Entrenchment Ratio (m/m):

Maximum Water Depth (m):

Manning's n :

Particle Size (mm) Subpavement:  

D10 : Particle Shape: 

D50 : Embeddedness (%):

D84 : Particle Range (riffle): 

Particle Range (pool): 

0.74

0.550.42

14.19

Maximum Average

0.52

22.7

17.6

8.06

0.46

1.02

15.80

Minimum

Till

Representative Cross-Section #1

Substrate Characteristics

12.0

0.045

32.3

0.81

1.4 - 2.2 (Moderately Entrenched)

12.58

0.89

23.5

1.23

10.6614.87

33.9

Cumulative Particle Size Distribution

63.5

26.2

<2

Clay, Silt, Sand, Cobbles

Clay, Silt, Sand, Cobbles

10 to 30

Subrounded - Subangular

Cross-Sectional Characteristics

Channel Bed Elevation

Bankfull Elevation
Surface Water Elevation

0
10
20
30
40
50
60
70
80
90

100

1 10 100 1000

P
e
r
c
e
n

t 
fi

n
e
r

Grain size (mm)

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0

E
le

v
a
ti

o
n

 (
m

)

Distance (m)

Water Level

Bankfull Level

Photograph at cross section 1 (looking downstream)

GEO Morphix Ltd. Page 2 of 3



Flow Competency (m/s): Tractive Force at Bankfull (N/m2):

for D50: Tractive Force at 2-year flow (N/m
2
):

for D84: Critical Shear Stress (D50) (N/m
2
):

Unit Stream Power at Bankfull (W/m
2
):

Insert Photograph

Cross Section 2 - Facing Upstream

Channel Description

General Field Observations

19.08

20.47

26.84

1.33

0.89 17.43

The assessed stretch of channel consisted of ~400m of the Credit River in Caledon, ON, receiving inputs from the 

East Ponds Outlet Channel originating from the Osprey Valley Golf Course (OVGC). The Credit River was 

characterized by a meandering channel set within a forested corridor. Dominant riparian vegetation consisted of 

coniferous trees which provided good cover over the channel and stability to the loosely consolidated, sandy-silt 

banks. Channel bed morphology demonstrated notable heterogeneity and was characterized by an alternating riffle-

pool sequence featuring abundant micro-habitats/refugia. Widening processes were evidenced by fallen and leaning 

trees, as well as bank scour, while evidence of planimetric form adjustment was observed by an occasionally 

misaligned thalweg in straight sections of channel. Significant valley wall contact was observed along both banks, 

particularly upstream from the confluence with the East Ponds Outlet Channel. Despite steady inputs of sand and silt 

due to the described bank scour, aggredational processes were less significant as stream conditions were sufficient 

in preventing the formation of in-channel bars and embedment of larger substrates that would otherwise be 

Channel Thresholds
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Project Number: Date: 

Client: Length Surveyed (m):

Location: # of Cross-Sections: 

Drainage Area: Dominant Riparian Vegetation Type: 

Geology/Soils: Extent of Riparian Cover: 

Surrounding Land Use: Width of Riparian Cover: 

Valley Type: Age Class of Riparian Vegetation: 

Dominant Instream Vegetation Type: Extent of Encroachment into Channel:

Portion of Reach with Vegetation: Density of Woody Debris: 

Measured Discharge (m
3
/s): Calculated Bankfull Discharge (m

3
/s):  

Modelled 2-year Discharge (m
3
/s): Calculated Bankfull Velocity (m/s):    

Modelled 2-year Velocity (m/s):

Bankfull Gradient (%): Sinuosity:

Channel Bed Gradient (%): Meander Belt Width (m): Not modelled

Riffle Gradient (%):    Radius of Curvature (m): 80.2

Riffle Length (m): Meander Amplitude (m): 157

Riffle-Pool Spacing (m): Meander wavelength (m): 259

Minimum Maximum Average Minimum Maximum Average

Bank Height (m):

Bank Angle (deg): Torvane Value (kg/cm
2
):

Root Depth (m): Penetrometer Value (kg/cm
3
): 

Root Density (%): Bank Material (range): 

Bank Undercut (m): 0

0.75

N/A

N/A

0.96

0.57

N/A

Data not available

Stagnant water

Golf course/forested

0.44

50%

Rooted emergent

>10 channel widths

Mature

2024-07-23

High

Heavy

Glaciofluvial deposits

1.34

Unconfined

PN 24061

Caledon, ON

Votorantim Climentos

6

98.5

Reach Characteristics

Coniferous trees

Continuous

228.5 ha

Data not available
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0.15 0.3

Planform Characteristics

0.3 0.3
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27

Profile Characteristics
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Detailed Geomorphological Assessment Summary
Reach __Trib 4____
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Bankfull Width (m):

Average Bankfull Depth (m):

Bankfull Width/Depth (m/m):

Wetted Width (m):

Average Water Depth (m):

Wetted Width/Depth (m/m):

Entrenchment (m):

Entrenchment Ratio (m/m):

Maximum Water Depth (m):

Manning's n :

Particle Size (mm) Subpavement:  

D10 : Particle shape: 

D50 : Embeddedness (%):

D84 : Particle range (riffle): 

Particle Range (pool): 

20-80

N/A

0.05

Low entrenchment

Sub-angular

Till

Substrate Characteristics

0.045

60

Sand - cobbles
22.6

2.0

<2

0.080.15

13

(ER > 2.2)

0.30

0.01

0.20

0.05

Representative Cross-Section #5

Cumulative Particle Size Distribution

0.08
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0.00 1.043.20
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Flow Competency (m/s): Tractive Force at Bankfull (N/m2):

for D50: Tractive Force at 2-year flow (N/m
2
):

for D84: Critical Shear Stress (D50) (N/m
2
):

Unit Stream Power at Bankfull (W/m
2
):

Insert Photograph

0.27

0.83

14.24

1.46

Data not available

Channel Thresholds

19.01

Channel Description

Tributary 4 flows unconfined northwest through a golf course before discharging to the Credit River 

upstream of the East Ponds Outlet Channel.  At time of assessment, the channel was predominantly dry

with some flow occurring within isolated pools. The riparian zone was continuous, spanning over 10 

channel widths and consists of mature vegetation. Heavy encroachment of vegetation into the channel 

was observed, along with a high density of woody debris. Rooted emergent aquatic vegetation was also 

present at time of assessment. Bank angles range from 15-45, with no undercutting observed. The right 

and left bank consisted primarily of very fine to medium sand, with a small percentage of coarse sand, 

gravel and small stones. The bed was composed of medium to very coarse sand, with small to large 

cobbles observed throughout the extent of the channel.

Cross Section 3 - Facing Downstream

General Field Observations
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Project Number: Date: 

Client: Length Surveyed (m):

Location: # of Cross-Sections: 

Drainage Area: Dominant Riparian Vegetation Type: 

Geology/Soils: Extent of Riparian Cover: 

Surrounding Land Use: Width of Riparian Cover: 

Valley Type: Age Class of Riparian Vegetation: 

Dominant Instream Vegetation Type: Extent of Encroachment into Channel:

Portion of Reach with Vegetation: Density of Woody Debris: 

Estimated Discharge (m
3
/s): Estimated Bankfull Discharge (m

3
/s):  

Modelled 2-year Discharge (m
3
/s): Estimated Bankfull Velocity (m/s):    

Modelled 2-year Velocity (m/s):

Bankfull Gradient (%): Sinuosity:

Channel Bed Gradient (%): Meander Belt Width (m):

Riffle Gradient (%):    Radius of Curvature (m):

Riffle Length (m): Meander Amplitude (m):

Riffle-Pool Spacing (m): Meander Wavelength (m):

Minimum Maximum Average Minimum Maximum Average

Bank Height (m): Penetrometer Value (kg/cm3): 0.25 2.5 1.4

Bank Angle (deg): Bank Material (range): 

Root Depth (m):

Root Density (%):

Bank Undercut (m): 0.00

0.92

1.46

8.95

Detailed Geomorphological Assessment Summary
Credit River at Tributary 4

Clay, Silt, Sand85
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Bankfull Width (m):

Average Bankfull Depth (m):

Bankfull Width/Depth (m/m):

Wetted Width (m):

Average Water Depth (m):

Wetted Width/Depth (m/m):

Entrenchment Ratio (m/m):

Maximum Water Depth (m):

Manning's n :

Particle Size (mm) Subpavement:  

D10 : Particle Shape: 

D50 : Embeddedness (%):

D84 : Particle Range (riffle): 

Particle Range (pool): 

0.43

Average

0.37

22.3

Minimum

9.35

0.25

0.66

20.40

0.300.17

14.70

Maximum

Till

Representative Cross-Section #5

Substrate Characteristics

22.3

0.045

54.9

0.47

1.4 - 2.2 (Moderately Entrenched)

10.30

0.50
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0.75

13.1918.95
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Cumulative Particle Size Distribution
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<2
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Flow Competency (m/s): Tractive Force at Bankfull (N/m2):

for D50: Tractive Force at 2-year flow (N/m
2
):

for D84: Critical Shear Stress (D50) (N/m
2
):

Unit Stream Power at Bankfull (W/m
2
):

Insert Photograph

Cross Section 6 - Facing Upstream

Channel Description

General Field Observations

20.32

19.40

23.03

1.34

0.91 17.43

The assessed stretch of channel consisted of ~450m of the Credit River in Caledon, ON, receiving inputs from 

Tributary 4 from the Osprey Valley Golf Course (OVGC). The Credit River at Tributary 4 was characterized by a 

meandering channel set within an expansive, forested corridor, with localized pockets of meadow habitat. Dominant 

riparian vegetation consisted of coniferous trees which provided good cover over the channel and stability to the 

loosely consolidated, sandy-silt banks. Channel bed morphology demonstrated notable heterogeneity and was 

characterized by an alternating riffle-pool sequence featuring abundant micro-habitats/refugia. Widening processes 

were evidenced by fallen and leaning trees, as well as bank scour, while evidence of planimetric form adjustment 

was observed by an occasionally misaligned thalweg in straight sections of channel, and formation of several islands. 

The upstream extent of the channel was marked by a debris jam resulting in multiple flow paths and sediment 

accumulation. Aggradational processes within the channel were limited due to sufficient flow conditions allowing for 

transport of the fine sediment input from the eroded/undercut banks.

Channel Thresholds
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