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1 Introduction 

GEO Morphix Ltd. was retained by FP Mayfield West (Caledon) Inc. (c/o Paradise Developments) 
to carry out a meander belt width assessment for two watercourses associated with their lands at 
12529 Chinguacousy Road in the Town of Caledon.  We understand that the lands are a proposed 

addition to the Mayfield West Phase 2 Planning Area. This area is outlined in Appendix A. 
 
There are two channels within the property, both of which are tributaries to Etobicoke Creek.  One 
tributary falls within the Greenbelt Plan Area, while the other transects the proposed development 
block and presents a potential limit to development. 

 
To confirm the meander belt width for the Greenbelt tributary and support delineation of the limit 

of development associated with the second tributary, the following activities were completed: 
 

 Review of available background reports, including those related to the existing Mayfield 
West Phase 2 Planning Area, and mapping (geology, topography, etc.); 

 Desktop reach delineation to determine the extent of the potential hazard; 
 Review of historical and recent aerial photographs to determine the limits of the meander 

belt width and to calculate channel migration rates, or estimate the meander belt width 
using models if the channel is not visible in the aerial imagery; 

 Complete a rapid geomorphological field assessment to document channel conditions and 
verify the desktop assessment; and 

 Estimate the MBW of delineated reaches using field observations and empirical models. 

2 Background Review 

The FP Lands are located in the Town of Caledon, specifically within the Toronto and Region 
Conservation Authority (TRCA) limits.  The area is situated on the east side of Chinguacousy Road, 
approximately one kilometer north of Mayfield Road. A location map is included in Appendix A.   
 
Physiographically, the project site is on a drumlinized Till Plain (OGS, 2003).  The Quaternary 

geology consists of Halton Till (Ontario-Erie lobe) which is predominantly a silt to silty clay matrix, 
high in matrix carbonate content and clast poor (OGS, 2003). Surficial materials are comprised of 
modern alluvial deposits of clay, silt, sand, and gravel within the channel corridor, but composed 
of clay to silt-textured till (derived from glaciolacustrine deposits or shale) throughout the majority 
of the study area (OGS, 2003).  
 
Monthly precipitation averages at Woodbridge WWTP (Climate ID 6159575) ranges from a low of 

44.2 mm in February to a high of 84.6 mm in September.  During spring, snowmelt and rain-on-
snow events likely generate long-duration high flows in watercourses, which result in the most 
significant flows with respect to shaping the channel.  Convective storms during the summer are 

also likely to have a role in shaping the channel, but are less significant due to the short duration 
of high flows. 
 
The two tributaries associated with the FP Lands have been assessed under previously completed 

studies, including both the Etobicoke Creek Headwater Subwatershed Study (CH2M Hill and TRCA, 
September 2008) and the Mayfield West Phase 2 Secondary Plan Environmental Impact Study 
(EIS) (AMEC, December 2014).  Three separate watercourse reaches were delineated within the 
Subject Lands.  Under the 2014 EIS, preliminary meander belt widths were defined for these 
reaches.  These initial belt widths are further discussed in Section 5 of this report. 
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3 Reach Delineation 

Reaches are homogeneous segments of channel used in geomorphological investigations.  They 
are studied semi-independently as each is expected to function in a manner that is at least slightly 
different from adjoining reaches.  This allows for a meaningful characterization of a watercourse 

as the aggregate of reaches, or an understanding of a particular reach, for example, as it relates 
to a proposed activity.  
 
Reaches are delineated based on changes in the following: 
 

 Channel planform; 

 Channel gradient; 

 Physiography; 
 Land cover (land use or vegetation); 
 Flow, due to tributary inputs; 
 Soil type and surficial geology; and 
 Certain types of anthropogenic channel modifications. 

This follows scientifically defensible methodology proposed by Montgomery and Buffington (1997), 

Richards et al. (1997), Brierley and Fryirs (2005), and the Toronto and Region Conservation 
Authority (2004). 
 
Three reaches were previously delineated for the tributaries located within the FP Lands. The reach 
breaks outlined in the 2014 EIS were verified through field observation and were considered 
appropriate for further geomorphological investigation.  A reach map is provided in Appendix B 
and observations from the field reconnaissance are outlined below.  

4 Channel Characteristics from Field Observations 

Rapid Assessments were completed for the tributaries of Etobicoke Creek within the FP Lands in 
order to inform sizing for the channel corridor as part of the hazard assessment.  Reach 
observations and channel measurements including rapid geomorphological assessments for each 

reach were completed on August 6th, 2015. Photographs are provided Appendix C and field 
observations are provided in Appendix D, for reference.  
 
The rapid geomorphological assessments included the following reach observations: 
 

 Characterization of stream form, process, and evolution using the Rapid Geomorphological 
Assessment (RGA) (MOE, 2003, VANR, 2007); 

 Assessment of the ecological function of the watercourse using the Rapid Stream 
Assessment Technique (RSAT) (Galli, 1996); 

 Stream classification following a modified Downs (1995) and a modified Brierley and Fryirs 

(2005) River Styles Classification approach;  
 Reach-scale habitat sketch maps based on Newson and Newson (2000) outlining channel 

substrate, flow behaviour, geomorphological units, and riparian vegetation on the day; 
 Instream estimates of bankfull channel dimensions;  

 Bed and bank material composition and structure; and 
 Georeferenced photographs to document the location of all observed erosion and 

infrastructure. 
 

The RGA evaluates degradation, aggradation, widening, and planimetric form adjustment at the 
reach scale. The RGA method uses these indicators to evaluate the systematic adjustments in 

streams caused by natural causes or human activity. Systematic adjustments typically result in 
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changes to the floodplain, channel condition or valley characteristics. The end result of the RGA is 
to produce a score, or stability index, which evaluates the degree to which a stream has departed 
from the equilibrium condition. A stream with a score of less than 0.20 is in regime, indicating 
minimal changes to its shape or processes over time. A score of 0.21 to 0.40 indicates that a 
stream is in transition or stress and is experiencing major change to process and form outside the 
natural range of variability. A score of greater than 0.41 indicates that a stream is in extreme 
adjustment, likely exhibiting a new stream type and will continue to adjust to the point of returning 

to equilibrium, or is moving toward a new equilibrium. (MOE, 2003; VANR, 2007). 
 
The RSAT evaluates stream health, based on an inclusion of biological indicators.  This technique 
relies on a scale ranging from ‘poor’ to ‘excellent’ for observations concerning channel stability, 
channel scouring/sediment deposition, physical instream habitat, water quality, and riparian 

habitat conditions, to provide a qualitative assessment of stream health.  The evaluation produces 

values that indicates whether the channel is in poor (score <13), fair (score 13-24), good (score 
25-34), or excellent (score >34) condition (Galli, 1996). 
 
The Downs (1995) model of channel evolution is a method used to evaluate the magnitude and 
potential for channel instability.  This model uses physical indicators of systematic adjustment 
including channel, bank and bar morphology and stability to classify the type of channel 
evolution.  By classifying channels using this model, the nature of fluvial and hillslope processes 

that are working to change the system can be inferred.  Channels are classified as varying degrees 
of stable, depositional, migrating laterally, enlarging, and experiencing various types of erosion 
(Downs, 1995; Simon and Downs, 1995). 
 
Table 1 summarizes the results of the rapid geomorphological assessments. Table 2 summarizes 
the general channel characteristics of each reach.  
 

Reach MEC-R06 
 
This reach was within a confined valley between active agricultural fields. The channel had a low 
sinuosity and gradient, and was moderately entrenched.  The riparian zone was characterized by 
continuous grasses, extending 4 to 10 channel widths on either side of the channel. The channel 
was moderately encroached with vegetation similar to that of the riparian zone.  

 
The channel had no riffle-pool development. Average bankfull width and depth were 1.60 and 0.39 
m, respectively.  The bed material was mostly silt with a moderate amount of organic matter. 
Banks were composed of silt and clay with little to no erosion.   Vegetated islands were commonly 
observed. 
 
The reach had an overall RGA score of 0.07 indicating the reach was in regime.  The RSAT score 

of 27.0 suggests that the channel had a good degree of ecological health.  The channel was 
classified according to Down’s Model as S – stable with no observable morphological adjustment. 
 

Reach MEC-R30 
 
This reach was characteristic of an unconfined swale.  The channel was relatively straight with a 
low gradient.  The riparian vegetation consisted of continuous grasses, extending 1 to 4 channel 

widths with extreme encroachment into the swale.  Active agricultural fields surrounded the reach.  
Feature width was approximately 5 m and was intermittently defined at the downstream extent.  
Where defined, bankfull width and depth were 1.34 m and 0.29 m, respectively. 
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There were no defined riffle or pool features present.  Bed material was composed of mainly of 
silt.  Gravel and small cobbles were noted at the defined downstream extent.  The reach was dry 
at the time of assessment.  
 
The RGA and RSAT were not applicable at this reach due to the undefined nature of the channel, 
lack of geomorphic units, and dry state at the time of assessment.  According to the Down’s 
Classification Model the channel is S – stable with no observable morphological adjustment.  

 
Reach MEC-R07 
 
Reach MEC-R07 flowed from Chinguacousy Road to its confluence at MEC-R06 and MEC-R30 
and bisects the development area.  Reach MEC-R07 was an unconfined and straight swale feature 

with a low gradient.  There was a small defined channel observed at the downstream extent just 

before the reach breaks.  Riparian vegetation consisted of continuous grasses, extending 4 to 10 
channel widths on both sides of the swale.  There was extreme riparian vegetation encroachment 
into the swale.  
 
There were no defined riffle or pool features present.  The bed was relatively flat, and made up of 
mostly silt with organics.  The banks were composed of clay and silt and had no evidence of 
erosion.  Where the channel was defined at the downstream extent, bankfull width and depth 

were 1.20 and 0.37 m, respectively.  
 
The RGA and RSAT were not applicable at this reach due to the undefined nature of the channel 
and lack of geomorphic units.  According to the Down’s Classification Model, the channel is S – 
stable with no observable morphological adjustment.  
 
Table 1. Rapid Assessment Results 

 
 
 
 
 
 
 
 

 
 

Reach 

RGA (MOE, 2003) RSAT (Galli, 1996) 
Down’s Channel 

Evolution Model 

(1995) 

River Styles 

Framework 

(Brierley and 

Fryirs, 2005) 
Score Condition 

Dominant 

Systematic 

Adjustment 

Score Condition 
Limiting 

Features 

MEC-

R06 
0.07 In Regime 

Widening & 

Planimetric 

Form 

Adjustment 

27 Good 
Riparian 
Habitat 

Conditions 

S-Stable (No 

observable 
morphological 

adjustment in 

process). 

Meandering, 
relatively stable,  

suspended load 

MEC-
R30 

N/A N/A N/A N/A N/A N/A 

S-Stable (No 

observable 

morphological 

adjustment in 

process). 

Straight, 

relatively stable,  

suspended load 

MEC-

R07 
N/A N/A N/A N/A N/A N/A 

S- Stable (No 

observable 

morphological 

adjustment in 
process). 

Straight, 

relatively stable,  

suspended load 
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Table 2. General Reach Characteristics 

* Dimensions recorded for a short, defined section of feature. It should be noted that a large portion of 
feature lacked defined bed or banks 

5 Meander Belt Width Assessment 

Most defined watercourses in southern Ontario have a natural tendency to develop and maintain 
a meandering planform, provided there are no spatial constraints.  A meander belt width 
assessment estimates the lateral extent that a meandering channel has historically occupied and 
will likely occupy in the future.  This assessment is therefore useful for determining the potential 
limit of development for proposed activities in the vicinity of a stream. 
  

When defining the meander belt width for a creek system, the TRCA (2004) protocol treats 
unconfined and confined systems differently.  Unconfined systems are those with poorly defined 
valleys or slopes well-outside where the channel could realistically migrate.  Confined systems are 

those where the watercourse in contained within a defined valley, where valley wall contact is 
possible.  
 

In unconfined systems, the meander belt width can be graphically defined using orthorectified 
aerial imagery by determining the channel centreline and the channel’s central tendency (i.e. 
meander belt axis).  In cases where the channel has been previously modified or the location 
cannot be determined in the imagery – due to tree cover or poor photograph resolution, for 
example – a modelling approach is employed.  More specifically, empirical models by Williams 
(1986) and the TRCA (2004) are used.  These models are scientifically-defensible and have been 
verified in past projects as suitable for use in southern Ontario.   

 
When watercourses are fully confined within a valley, the belt width is first defined by drawings 
lines tangential to the outside channel meander bends.  This boundary should coincide with the 
top of the valley walls, as valley walls act as the boundary for the meander belt width in confined 
systems.  Adjustments to these boundaries are typically made because valley walls are commonly 

slopes rather than truly vertical.  This adjustment accounts for the natural tendency of the 
watercourse within the defined valley (TRCA, 2004).  It should be noted that this methodology 

does not consider slope stability and erosion hazard issues.  Stability of the valley wall should be 
assessed by a qualified geotechnical engineer. Our approach was consistent with this guidance.  
 
Meander belt widths were estimated based on TRCA modelling for the three unconfined reaches 
in the FP Lands. Belt widths were calculated using a suite of empirical models, as these features 
were too small to identify in historical aerial photographs. The methodology is outlined below and 

results are shown in Table 3.   

Reach 

Average 

Bankfull 

Width (m) 

Average 

Bankfull 

Depth (m) 

Substrate 

Valley  

Type 

Riparian 

Vegetation 
Notes 

Riffle Pool 

MEC-   

R06 
1.60 0.39 

No riffle-pool 

development: 
Silt 

Confined Meadow 

Vegetated islands; 

little to no erosion; 
valley width 11.8 m.  

MEC-   

R30 
1.34* 0.29* 

No riffle-pool 
development: 

Silt and some gravel and 

cobble 

Unconfined Meadow 

Swale; dry at the time 
of assessment; defined 

channel at the 

downstream extent.  

MEC-   

R07 
1.20* 0.37* 

No riffle-pool 

development: 

Silt 

Unconfined Meadow 

Swale with a defined 

channel at the 

downstream extent.  
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5.1 Methodology  

The empirical relations from Williams (1986) based on channel area and width, were modified to 
include bankfull width and a factor of safety, and applied using the bankfull channel dimensions 
such that: 
 
𝐵𝑤 = 18𝐴0.65 +𝑊𝑏         [Eq. 1] 

 

𝐵𝑤 = 4.3𝑊𝑏
1.12 +𝑊𝑏         [Eq. 2] 

 
where Bw is meander belt width (m), A is bankfull cross-sectional area (m2), and Wb is bankfull 

channel width (m).  An additional 20% buffer, or factor of safety, was applied to the computed 
belt width values.  This addresses issues of under prediction and provides a factor of safety. 
 

Ward et al.’s (2002) model was also used to estimate belt widths using a modified approach that 
incorporates bankfull channel width, such that:   
 

𝐵𝑤 = 6𝑊𝑏
1.12           [Eq. 3] 

 
where Bw is meander belt width (ft) and Wb is bankfull channel width (ft). An additional 20% 
buffer, or factor of safety, was applied to the computed values. The bankfull channel dimensions 

observed during field reconaissance were used to inform both the Williams (1986) and Ward 
(2002) models.  
 
Finally, the TRCA (2004) model was also applied such that: 
 
𝐵𝑤 = −14.827 + 8.319ln(𝜌𝑔𝑄𝑆 ∗ 𝐷𝐴)       [Eq. 4] 

 

where ρ is water density (1000 kg/m3), g is acceleration due to gravity (9.8 m/s2), Q is discharage 
(m3/s), S is channel slope (m/m), and DA is drainage area (km2).  Channel gradients were acquired 
from a recent topographic survey of existing conditions. Drainage areas were based on the sub 
catchments and reference nodes outlined by AMEC the December 2014 EIS. Updated modelled 
flows were provided by Urbantech. 
 
One standard error was added to these calculations to account for variability in the empirical 

relation. The TRCA guidelines recommend one standard error be applied in scenarios where 
hydrological conditions are expected to remain constant. As stormwater management plans are 
proposed for the development block, it is expected that pre-development hydrology will be 
maintained under post-development conditions. The pre- to post-development event peaks will 
be matched. 

5.2 Results and Discussion 

As demonstrated in Table 3, the Williams (1986), Ward et al. (2002), and TRCA (2004) models 
provide a range of meander belt widths for each reach, with the TRCA model resulting in especially 
conservative estimates. A map of the TRCA meander belt widths is provided in Appendix E, for 
information purposes. Table 4 provides a comparison of the initial meander belt widths outlined 
in the December 2014 EIS and the TRCA belt widths determined above.  
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Table 3. Meander Belt Width Estimates for FP Lands 

 
 

Reach 

Meander Belt Width 

*Williams – Area 
(1986) (m) 

*Williams – Width 
(1986) (m) 

*Ward et al. – 
Width (2002) (m) 

*TRCA (2004)  
(m) a 

MEC-R06 18 11 14 45 

MEC-R30 13 9 11 26 

MEC-R07 14 8 10 38 

* Includes 20% buffer for Factor of Safety (Williams & Ward); 1 standard error for Factor of Safety (TRCA) 
a TRCA (2004) method using 2-yr flows provided by Urbantech 

 
Table 4. Comparison of Modelled Belt Widths and the 2014 EIS Belt Widths   
 

 

 
Reach  

Meander Belt Width 

*EIS (AMEC, 2014) **TRCA (2004) (m) 

MEC-R06 60 45 

MEC-R30 18 26 

MEC-R07 36 38 

* Includes 20% Factor of Safety 
** Includes 1 Standard Error for Factor of Safety  

 
The initial belt widths provided in the 2014 EIS were determined using topographic mapping and 

aerial photographs. However, we refined this assessment and incorporated empirical modelling 

due to poor visibility in aerial imagery.   
 
We believe the belt widths delineated for MEC-R30 and MEC-R06 in the EIS are conservative.  
These belt widths fall well within the Greenbelt and there is no proposed infrastructure near these 
hazard limits.  However, we do note a discrepancy for Reach MEC-R07.  Site observations 
revealed a low-gradient, vegetation-controlled feature that does not appear to be migrating.  The 
modelling described above was based on the geometry recorded during field reconnaissance for 

the only defined section of channel.  The Williams (1986) and Ward (2002) equations, both of 
which are based on channel geometry, produced meander belt widths in the range of 8 – 14 m, 
including a 20% factor of safety.  In contrast, the TRCA (2004) model, which is reliant on channel 
drainage area and a 2-year flow, resulted in a meander belt width of 38 m, which includes 1 
standard error.  
 

Based on our field observations and the Williams and Ward methodology, the belt width 
determined from the TRCA model and the belt width provided in the EIS are both very conservative 

for the channel in question. We note that the modelled two year flows do not correspond to the 
channel geometries observed. The discrepancy in the actual channel capacity and the modelled 
two year flows explains the divergence between field observations and model results.  
 
We understand that Urbantech has proposed a 35 m bottom width for the valley corridor.  This 

dimension has been recommended in order to accommodate a conservative meander belt width 
for the existing channel.  Alternative methods of evaluating the meander belt width suggest that 
the belt width is closer to 20 m.  As such, if required, the bottom width could easily be reduced 
further without an increase in hazard potential from channel migration.   
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6 Summary and Conclusions 

The purpose of this assessment was to define a meander belt width for three watercourse reaches 
within the FP Lands in the Town of Caledon. Two of the reaches are located within the Greenbelt 
Plan area, while the third reach flows through a future proposed development block.   

 
Field observations revealed low-order features heavily controlled by encroached vegetation.  
These unconfined features were often poorly defined with little to no evidence of erosion or 
migration.  Due to the small size of these watercourses, aerial imagery could not be used to 
determine the extent of their meander belt widths.   
 

The range of belt widths modelled for reaches MEC-R30 and MEC-R06 all fall within the Greenbelt 

Plan area.  As such, even the conservative values illustrate that there is no risk to the proposed 
development fabric.  
 
For reach MEC-R07, field observations revealed a low-gradient, vegetation-dominated feature 
that did not appear to be migrating. The Williams and Ward models – both of which are based on 
field observations and channel geometry – suggested a meander belt width of under 20 m for the 

the reach.  Alternatively, the TRCA model, which is based on drainage area and a 2-year flow, 
suggested a meander belt width of approximately 38 m for the reach.   
 
The belt width provided for MEC-R07 in the EIS (36 m) and the belt width calculated here using 
the TRCA model (38 m) are considered extremely conservative for the watercourse.  Based on 
field observations of the existing feature, we believe the belt width is close to 20 m.  To 
accommodate a conservative meander belt width, Urbantech has proposed a valley bottom width 

of 35 m. This is more than adequate to address the limited migration hazard associated with the 
watercourse.  If required, the bottom width could be further reduced without an increase in erosion 

hazard and could easily be reduced without an increase in hazard potential.  
 
We trust this report meets your requirements.  Should you have any questions please do not 
hesitate to contact the undersigned. 
 

 
Respectfully submitted, 
 
  
 
 

 
 
 
 
Paul Villard, Ph.D., P.Geo., CAN-CISEC   Kat Woodrow, M.Sc 

Director, Geomorphologist   Environmental Scientist 
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i 

Photo 

1 
 
 

 

Reach MEC-R07: Downstream (north) view from the Chinguacousy Road crossing.  
The feature consisted of a swale at the upstream extent.   

Photo 
2 
 
 

 

Reach MEC-R07: Upstream (south) view towards the Chinguacousy Road crossing.  
The feature was heavy encroached with grasses and cattails.  
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ii 

Photo 

3 
 
 

 

Reach MEC-R07: A poorly defined channel was observed at the downstream extent (near 
the TE1-1 confluence). Bankfull width and depth was 1.2 and 0.37 m, respectively.  

Photo 
4 
 
  

 

Reach MEC-R06: Downstream (northwest) view at the upstream reach break.  
The feature consisted of a swale at the upstream extent.   
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iii 

Photo 

5 
 
  

 

Reach MEC-R06: Downstream view (northwest) towards an island.  
Islands were present throughout the reach. 

Photo 
6 

 

Reach MEC-R06: Downstream view (northwest) of the confined reach within a shallow 
valley. Channel was moderately encroached with grasses and some cattails.  
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iv 

Photo 
7 

 

Reach MEC-R06: Upstream view (northeast) at a large fallen tree. Erosion along the 
shallow valley and cattail encroachment observed within the reach.  

Photo 
8 

 

Reach MEC-R06: Downstream view (southwest) at the large fallen tree. The reach was 
less encroached with vegetation and well defined; however had no riffle-pool formation.  
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v 

Photo 
9 

 

Reach MEC-R30: Upstream view (northwest) of an informal farm crossing through the 
swale feature. No defined channel or water was observed at the time of assessment. 

Photo 
10 

 

Reach MEC-R30: Upstream view (northwest) of the swale feature between two active 
agricultural fields. Swale feature was approximately 5 m wide.   
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