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1 Introduction and Background 

GEO Morphix Ltd. was retained by Flato Developments to complete an erosion hazard assessment 
for the drainage feature flowing through the Flato Development lands located at the northeast 
corner of Highway 89 and 4th Line in the Town of Shelburne, Ontario. The John Theaker Municipal 
Award Drain flows from south-west to north-east along the southern edge of the property to a 
culvert underneath abandoned railway infrastructure, which now acts as a recreational trail.  

In the post-development condition, the watercourse will provide both urban and rural function 
given that the proposed stormwater management facility and upstream agricultural tile drains will 

discharge to the watercourse. We understand that the existing culvert is undersized, and that 

enhancement works are in place to assess current constraint lines and establish the overall limit 
of development for the subject property. We are also aware that there is currently a petition put 
forward by local farmers to perform maintenance on the drain, which may include removing 
sediment from the water course (Township of Melancthon, 2017). Given the existing backwater 
conditions, improvements to the culvert will potentially impact constraint lines. To understand 
constraints on site, an erosion hazard assessment is required, which involves delineating the 

meander belt width for the watercourse. In this case since the watercourse has been so heavily 
modified, downstream surrogates were examined, in part, to assess future erosion constraints if 
the culvert is improved. 

Most 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 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. 

The following activities were completed to delineate the meander belt width: 

• Review of available background reports and mapping (geology, topography) 
• Review of aerial photographs to assess channel planform and determine the feature’s 

location on the landscape 
• A review of watershed characteristics that directly influence the local geomorphology 

• Field assessment to fully characterize current watercourse conditions on site 
• Field assessment downstream of site to provide surrogates for an improved condition 
• Delineation of the meander belt width through aerial photograph interpretation and 

modelling   

2 Background Review 

2.1 Existing Conditions 

The John Theaker Municipal Award Drain and downstream Walter’s Creek are tributaries of the 
Nottawasaga River.  The headwaters of the Nottawasaga system originate along the Oak Ridges 
Moraine and water flows in a northerly direction and ultimately drains to Georgian Bay (NVCA, 

2018).  According to the Ontario Geologic Survey (Chapman and Putnam, 1966; OGS, 2003), the 
subject property is located on the Drumlinized Till Plain physiographic region and contains surficial 
deposits of clay to silt-textured till derived from glaciolacustrine materials.  The surficial geology 
is composed primarily of sandy glaciolacustrine deposits and clay to silt textured till. This suggests 
the watercourse substrate will be composed primarily of finer sediments. 
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Within the subject lands the John Theaker Municipal Award Drain drains approximately 1.60 km2 

of agricultural lands upstream located southwest of the site (OMNRF, 2018). The watercourse was 
modified/constructed in 1919 and flows in a northeast direction into Walter’s Creek (Township of 
Melancthon, 2017). The channel has a low gradient and narrow riparian coverage comprised of 

grasses and herbaceous species. Downstream of the historical railway crossing flows an 
unmodified portion of Walter’s Creek draining approximately 2.14 km2 including the subject site 
upstream (OMNRF, 2018). The downstream watercourse has a meandering planform flowing in a 
northeast direction. The channel is unconfined and flows through a valley ranging 40-150 m wide. 
Directly downstream of the historical railway crossing, the channel flows through an open area 
dominated by cattails before flowing through forested riparian cover. A site map is provided in 
Appendix A. 

2.2 Historical Aerial Photograph Assessment 

Erosion potential was further assessed using a series of historical aerial photographs. This 
information, in part, provides an understanding of the historical factors that have contributed to 
current channel morphodynamics.  Aerial photographs were reviewed from 5 aerial photographs 

(1938, 1970, 1987, 2000, 2018). Within the subject property, the John Theaker Municipal Award 
Drain was modified/constructed in 1919, prior to our oldest aerial photo. As such, we were not 
able to assess channel function prior to modification using aerial photographs. For this reason, the 
unmodified watercourse downstream of the rail line (Walter’s Creek) was also assessed. Given 
that this watercourse is immediately downstream of the site, it may act as a surrogate for 
understanding natural stream function immediately upstream.  

Over the period of record (1938 to present), the channel has shown negligible change to its 

planform and limited to no evidence of channel migration. The surrounding land use has remained 
predominantly agricultural, and a well-established riparian area exists on both sides of the 
channel. Variation in riparian cover is evident over the period of record, particularly along the 

section upstream of the historical rail line and culvert. In 1938, the riparian zone upstream of the 
rail line was extremely narrow or non-existent in several locations.  Since 1938, agricultural 
activities diminshed on the lands immediately adjacent to this section of creek, resulting in re-
naturalization of the channel corridor.  Extensive vegetation growth has occurred along this section 

of creek over the last 18 years between 2000-2018. Vegetation establishment is likely attributed 
to a decrease in land use activity, but it is also commonly a result of additional water inputs. Given 
that vegetation establishment has occurred along the section of creek upstream of the historical 
rail line, it is possible that the existing culvert has caused backwatering in the upstream direction. 
Still, given the established riparian cover observed and the lack of channel migration, the feature 
is likely vegetation-controlled.   

An aerial photograph assessment was also attempted for the unmodified portion of Walter’s Creek 
downstream of the subject property.  However, due to vegetation cover over the channel, the 
watercourse was unable to be delineated. A summary of historical aerial photographs is provided 
in Appendix B. 

3 Reach Delineation 

Prior to field assessments, reach delineation is used as a preliminary tool to assist with system 
characterization. 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. 
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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 
• Certain types of channel modifications by humans 

This follows scientifically defensible methodology proposed by Montgomery and Buffington (1997), 
Richards et al. (1997) and the Toronto and Region Conservation Authority (2004) as well as 

others. 

Reaches are first delineated as a desktop exercise using available data and information, such as 
aerial photography, topographic maps, geology information, and physiography maps.  The results 
are then verified in the field.  

The portion of the John Theaker Drain that flows through the subject property was delineated into 
four reaches through desktop assessment. Reach JT1 was delineated as one reach because it had 
a slight meandering planform and no riparian area. Reaches JT2, JT3, and JT4 were delineated 

through desktop assessment based on changes in riparian cover, topography, and geological 
characteristics. Reach breaks were further refined during the field assessment based on channel 
definition, extent/type of riparian cover, and evidence of backwatering. Section 4 further outlines 
reach characteristics observed during the field assessment.   

Additional stream reach delineation was completed downstream of the property and existing 
recreational trail and culvert to characterize Walter’s Creek. Three stream reaches were delineated 

in this section and verified through field observations. As noted, given that Walter’s Creek is 

located immediately downstream of the subject property, it is an appropriate surrogate for 
understanding natural form and function of the upstream watercourse.  

4 Field Observations 

Following aerial photograph assessment and reach delineation, field observations and channel 
measurements were collected on September 28th, 2018 by GEO Morphix Ltd. staff. These field 
investigations were used to gain insight into the conditions and general characteristics of the 

reaches for both the John Theaker Municipal Award Drain and Walter’s Creek. A photographic 
record is included in Appendix C and field notes are provided in Appendix D.  

For each reach, rapid geomorphological assessments were completed that included the following 
observations: 

• Characterization of stream form, process, and evolution using the Rapid Geomorphological 

Assessment (RGA) (MOE, 2003; VANR, 2007) 

• Stream classification following a modified Downs (1995)  

• Instream estimates of bankfull channel dimensions  

• Bed and bank material composition and structure 

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 
changes to the floodplain, channel condition or valley characteristics.  The end result of the RGA 
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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 stressed 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 
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 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.  The channels are classified as varying 
degrees of stable, depositional, migrating laterally, enlarging, and experiencing various types of 
erosion (Downs, 1995). 

Table 1 below provides a summary of general reach characteristics. Table 2 provides a summary 
of rapid assessment findings. 
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Table 1: General channel characteristics 

Reach 

Average 
Bankfull 
Width 

(m) 

Average 
Bankfull 
Depth 

(m) 

Substrate 
Riparian 

Vegetation 
Notes 

Riffle Pool 

John Theaker Municipal Award Drain 

JT1 N/A: no access 

Continuous 
grasses with a 
narrow riparian 

buffer 

Previously modified. 
Defined channel appears 

stable.  

JT2 3.3 0.35 
N/A: no riffle-pools 

 
Clay and silt 

Continuous 
grasses and 
trees with a 
moderate 

riparian buffer 

Previously straighten 
channel. 

Follows tree line.  
Little to no erosion.  

JT3 3.4 0.3 
N/A: no riffle-pools 

 
Clay and silt 

Continuous 
shrubs and 

grasses with a 
narrow riparian 

buffer 

Swale feature with limited 
definition. 

 Little to no erosion.  

JT4 0.8 0.2 
N/A: no riffle-pools 

 
Clay and silt 

Continuous 
grasses, trees, 

shrubs, and 

herbaceous 
vegetation, wide 
riparian buffer 

Narrow channel in a wide 
valley with little to no 

erosion.  

Evidence of backwatering.   
Ground water indicators at 
the downstream extent. 

Walter’s Creek 

WC1 0.9 0.4 

N/A: no riffle-pools 
 

Clay to sand with 
some gravel at the 
downstream extent 

Continuous  

Unmodified. 

Narrow channel meandering 
through a wetland.  
Little to no erosion. 

WC2 2.3 0.4 
Sand to 
cobbles 

Clay to 
sand 
with 

scattered 
cobbles 

Continuous 
trees, wide 

riparian buffer 

Unmodified. 
Extensive bank erosion. 
Well defined riffle-pool 

sequences. 

WC3 2.1 0.5 
Sand to 
cobbles 

Clay to 
sand 
with 

scattered 
cobbles 

Continuous 
trees, moderate 
riparian buffer 

Unmodified. 
Evidence of bank erosion 
with aggradation of the 

channel bed.  
Poor riffle-pool 
development. 
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Table 2: Summary of rapid geomorphic assessment results 

Reach 

RGA (MOE, 2003) 
Down’s Channel 
Evolution Model 

(1995) Score Condition 
Dominant 

Systematic 
Adjustment 

John Theaker Municipal Award Drain 

JT1 N/A: no access 

JT2 0.00 In regime N/A S - Stable 

JT3 N/A: swale feature S - Stable 

JT4 0.085 In regime Widening S - Stable 

Walter’s Creek 

WC1 0.05 In regime Aggradation S - Stable 

WC2 0.14 In regime Widening M – Lateral Migration 

WC3 0.30 In transition Aggradation C - Compound 

John Theaker Municipal Award Drain 

Reach JT1 is outside of the participating property and was only assessed from the road. JT1 runs 
in northeastern direction from Highway 89 until the reach break with JT2 at the corner of the 
property. Reach JT1 flows in a northeastern direction through a manicured lawn in an unconfined 
valley.  The riparian vegetation is narrow and is dominated by grasses. Bankfull dimensions and 
other channel features within the reach were unattainable due to lack of accessibility.  

Reach JT2 flows in a northeastern direction from the property line at the southwest corner to the 
end of the tree line at the reach break with reach JT3. Reach JT2 is straight with a low gradient. 
Reach JT2 appears to have been previously straightened and flows closely along a tree line. The 
riparian vegetation is continuous and is comprised of trees and grasses with heavy encroachment. 
Average bankfull width and depth are 3.3 m and 0.35 m, respectively. Bank angles ranges from 

0° to 60° with less than 5% of the banks exhibiting signs of erosion. The feature was dry at the 

time of assessment.  

Reach JT3 flows in a northern direction from the tree line at the downstream reach break to reach 
JT4. Reach JT3 is a fairly straight swale feature with a low gradient. The swale is only defined for 
a small portion at the upstream extent. The swale feature width and depth are approximately 3.4 
m and 0.3 m, respectively. Little to no erosion is evident. There is no riffle-pool development. Bed 

and bank material consist of clay and silt.  

Reach JT4 flows in a northerly direction before making a turn to the west ending at the crossing 
at the recreational trail. Reach JT4 flows through an unconfined valley with a low gradient. The 
riparian vegetation extent is wide and continuous along the entire length of reach.  There is only 
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one small section of defined channel at the upstream extent of the reach.  Average bankfull width 
and depth in this section is 0.8 m and 0.2 m, respectively. There is no riffle-pool development and 
the bed material consist of clay and silt. Riparian vegetation consists of willows, grasses, 
herbaceous vegetation, shrubs, and scattered trees.  Hydrophilic plants are particularly abundant 

within the channel corridor, especially in the downstream section where there is no defined 
channel. At the downstream extent of the reach, the channel crosses the recreational trail through 
a concrete box culvert approximately 1 m X 1 m in size. Given the small size of the culvert and 
the extent of riparian habitat that has development immediately upstream, it is likely that 
backwatering occurs on site.  

Walter’s Creek 

Field observations were also collected downstream of the subject site along Walter’s Creek to act 

as a surrogate for John Theaker Drain, which has been heavily modified and potentially influenced 
by backwatering caused by the undersized culvert at the railway crossing. 

Reach WC1 flows in a northeastern direction from the crossing at the recreational trail to the 
reach break with WC2 at the forest edge. Reach WC1 runs through a wetland within an unconfined 
valley with a moderate gradient and a low sinuosity. The substrate within the reach ranges from 
clay to sand with some gravel at the downstream extent. Average bankfull width and depth are 

0.9 m and 0.3 m, respectively. Bank materials are comprised of clay and silt with bank angles 

ranging between 60° to 90°. Only 5% to 30% of the bank exhibit signs of active erosion.  

Reach WC2 flows in a northeastern direction from the wetland edge at the reach break with WC1 
to the reach break with WC3. Reach WC2 runs within an unconfined valley with a low sinuosity 

and a moderate gradient. Riffles and pools are present with 10 m spacing. Riffle substrate ranges 
from sand to cobble. Pool substrate ranges from clay to and with scattered cobbles. Average 
bankfull width and depth are 2.3 m and 0.35 m, respectively. Bank angles ranges from 60° to 90° 

with 60% to 100% of the banks exhibiting signs of erosion.  

Reach WC3 flows in a northeastern direction from reach WC2 to Cedar Street. Reach WC3 runs 
within an unconfined valley with a low sinuosity and a moderate gradient. The reach was 
dominated by runs with limited number of riffles and pools. Riffle substrate ranges from sand to 
cobbles. Both run and pool substrates ranges from clay to sand with scattered cobbles. Average 
bankfull width and depth are 2.1 m and 0.5 m, respectively. Bank materials consists of clay and 

silt with exposed till in some locations. Bank angles ranges from 60° to 90° with 30% to 60% of 

the banks exhibiting signs of erosion such as undercutting.  

5 Erosion Hazard Delineation 

When defining the erosion hazard for a creek system, the Toronto and Regional Conservation 
Authority (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 is contained within a 
defined valley, where valley wall contact is possible (MNR, 2002). 

The John Theaker Municipal Award Drain is considered an unconfined channel because it is situated 
within a broad floodplain.  There is also no evidence of defined valley slopes on either side of the 

channel. In unconfined systems, the meander belt width can be graphically defined using 
orthorectified aerial imagery by determining the channel’s central tendency (i.e. meander belt 
axis) or channel centre line within straight channels.  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, 
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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.   

Due to channel modifications along the John Theaker Award Drain (1919), and dense tree cover 

over the unmodified portion of Walter’s Creek, an erosion hazard was not able to be delineated 
using aerial photographs. Field observations were used to characterize current conditions and 
verify information collected during the background review. Through field assessments, the John 
Theaker Drain was determined to be a heavily modified (straightened), low gradient channel, with 
fine silt and clay bed material. The watercourse appeared to be vegetation controlled and there 
was evidence of seasonal backwatering upstream of the culvert crossing at the recreational trail. 
As such, a modelling approach was required to determine an appropriate erosion hazard for the 

subject site. The models were also applied to the unmodified portion of Walter’s Creek, to act as 
a surrogate for verification purposes. 

Meander belt widths were calculated for the all reaches using empirical models. The parameter 
and results are outlined in Table 3 and Table 4 below.  A map of meander belt width delineation 
is also provided in Appendix E. 

The empirical relation from Williams (1986) were modified to include channel width, and applied 

using the bankfull channel dimensions such that: 

𝐵𝑤 = 4.3𝑊𝑏
1.12 +𝑊𝑏             [Eq. 1] 

where Bw is meander belt width (m) and Wb is bankfull channel width (m).  An additional 20% 
buffer, or factor of safety, was applied to the computed belt width values to provide a more 
conservative estimate which considers any future changes in hydrology or erosion and addresses 
any issues of under prediction.  The bankfull channel dimensions observed during field 

reconnaissance were used to inform the Williams (1986) model.  

The TRCA (2004) model was also applied such that: 

𝐵𝑤 = −14.827 + 8.319ln(𝜌𝑔𝑄𝑆 ∗ 𝐷𝐴)           [Eq. 2] 

where ρ is water density (1000 kg/m3), g is acceleration due to gravity (9.8 m/s2), Q is discharge 
(m3/s), S is channel slope (m/m), and DA is drainage area (km2).   

The TRCA belt width for the John Theaker Municipal Award Drain was determined using a drainage 
area of 1.60 km2 and a 2-year discharge of 0.44 m3/s (OMNRF, 2018). The channel gradient for 
the watercourse was 0.004 m/m (OMNRF, 2018). 

One standard error (~8m) was added to the TRCA 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.  It is assumed that pre-
development hydrology will be maintained under post-development conditions. The parameters 

used to determine meander belt width are outlined below in Table 3. 
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Table 3: Parameters used to calculate meander belt width values 
 

Parameter Value 

Bankfull Width (m) 
Bankfull widths correspond to values 
recorded in Table 1 for each reach 

Drainage Area (km²) 1.6* 

2 Year Flow (m³/s) 0.44* 

Slope 0.004* 

*calculated using Ontario Flow Assessment Tool (2018) 
 

Table 4: Meander belt width values determined through empirical modelling 

 

Reach 

Meander Belt Width 

*Williams – Width 
(1986) (m) 

*TRCA (2004) 
(m) 

John Theaker Municipal Award Drain 

JT1 N/A – No site access 

JT2 23.6 21.8 

JT3 24.4 21.8 

JT4 5.0 21.8 

Walter’s Creek 

WC1 5.6 
Drainage area not 
representative of 

subject site 

WC2 15.5 

WC3 14.6 

* Includes 20% buffer for Factor of Safety (Williams); 1 standard error for 
Factor of Safety (TRCA) (~8 m) 

As demonstrated in Table 3, the Williams (1986) and TRCA (2004) models provide a range of 
meander belt width values for the John Theaker Drain. Based on the William’s model, the erosion 

hazard ranges between 5.0 and 24.4 m. The TRCA method results in a meander belt width of 21.8 
m. Typically, the TRCA approach is not applied in small streams as results can be spurious. 
However, the Williams (1986) approach applied to the surrogate reaches suggests an erosion 
hazard in the range 6-16 m, which is consistent with the results of the TRCA method prior to the 

additional factor of safety. The TRCA model could not be applied to the surrogate reaches because 
drainage area would substantially impact the results. The additional drainage area to the 
downstream section is not representative of the drainage area on site for the John Theaker Drain.  

We recommend a meander belt width of 22 m within the subject site using the TRCA (2004) 
approach. This meander belt width falls within the range of those determined using the Williams 
(1986) approach and is also consistent with the meander belt widths determined downstream 
along Walter’s Creek. We believe the TRCA result provides a conservative estimate of the erosion 
hazard as current site conditions suggest the channel is vegetation controlled with little to no 
evidence of erosion.  
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The erosion hazard defined here assumes that the existing bankfull channel geometries and 
hydrology are maintained. When the culvert crossing is improved, it is likely that the bankfull 
geometries will decrease, resulting in a reduced erosion hazard extent. The meander belt width 
determined for the existing creek (22 m) is adequate for the site under current and future 

conditions. 

A map is included in Appendix E that shows the delineation of the meander belt width.  The belt 
width is placed along the central tendency of the channel. As such, the meander belt extends 11 
m from both sides of the channel’s centre line. 

6 Summary and Conclusions 

The Flato Development property located in Shelburne, Ontario contains a drainage feature 
identified as the John Theaker Municipal Award Drain. To inform the limits of development for the 
property, an erosion hazard assessment was required for the watercourse feature. This included 
an assessment of historical aerial photographs, watercourse reach delineation, and field 
reconnaissance to document existing channel conditions.  

The John Theaker Drain was modified (straightened) in 1919 and since 1938, the drainage feature 

has maintained a similar planform with no evidence of erosion or migration. Significant riparian 
cover has developed along the feature at the downstream extent of the site, immediately upstream 
of an old rail line and culvert crossing. Field observations confirmed that the feature maintains a 
low gradient and is heavily vegetated. Evidence of erosion or channel widening were not observed.  

Given that the feature has been heavily modified by past activities on site, several empirical 
models were used to determine a meander belt width for the subject property. This resulted in a 

meander belt width of 22 m. The meander belt width determined here provides a conservative 

estimate of the erosion hazard as current site conditions suggest the channel is vegetation 
controlled with little to no evidence of active erosion.  

We understand that there is currently a petition put forward by local farmers for tile maintenance 
on the drain, which may include removing sediment from the water course (Township of 
Melancthon, 2017). We have assumed this maintenance will not substantially change the slope of 

the system. In this case there would be no significant change in the meander belt width. If 
maintenance is conducted on site to maintain tile drain function, banks should be stabilized to 
reduce potential for erosion. 

We trust this report meets your requirements.  Should you have any questions please contact the 
undersigned. 

Respectfully submitted, 

 

 

  

Paul Villard Ph.D., P.Geo., CAN-CISEC  Patrick Padovan, M.Sc., CAN-CISEC 
Director, Senior Geomorphologist  River Scientist 
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Appendix A 
Historical Aerial Photographs 
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Location: Shelburne, ON 

Year: 1938 

Scale: 1:20,000 

Source: NAPL 
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Location: Shelburne, ON 

Year: 1970 

Scale: 1:40,000 

Source: NAPL 
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Location: Shelburne, ON 

Year: 1987 

Scale: 1:50,000 

Source: NAPL 
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Location: Shelburne, ON 

Year: 2000 

Scale: N/A 

Source: Dufferin County Interactive Mapping 
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Location: Shelburne, ON 

Year: 2018 

Scale: N/A 

Source: Dufferin County Interactive Mapping 
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Watercourse Reach Delineation 
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Photographic Record 
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Photo 
1 

 

Reach 
JT1 

 

Photograph taken of the box culvert at the corner of Highway 89 and 4th Line.  
Reach JT1 outside of the participating property and was assessed from the road.  

Photo 
2 
 

Reach 

JT1 
 
 

 

Photograph taken facing upstream (northeast) from the box culvert at Highway 89 and 4th 
Line. The reach meanders through a manicured lawn.  
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Photo 
3 
 

Reach 

JT2 
 
 

 

Photograph taken facing downstream (northeast).  
Straightened channel flowing along a tree line. 

Photo 
4 
 

Reach 

JT2 
 
  

 

 Photograph taken facing the left bank.  
The banks are well vegetated and exhibit little to no signs of erosion.  
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Photo 
5 

 

Reach 
JT3 

 

Photograph taken facing downstream (north) from the upstream reach break. 
The feature consists of a swale at the upstream extent. 

Photo 
6 
 

Reach 
JT3 

 

Photograph taken facing downstream (north) near the downstream reach break. 
The feature loses definition as the riparian vegetation widens out.    
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Photo 
7 

 

Reach 
JT4 

 

Photograph taken facing downstream (north).  
This narrow channel is moderately encroached by the riparian vegetation.  

Photo 
8 
 

Reach 
JT4 

 

Photograph taken facing downstream (north). The reach meanders though an unconfined 
valley with a continuous and wide riparian buffer zone. 
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Photo 
9 

 

Reach 
JT4 

 

Photograph taken facing downstream (east) at culvert crossing. The existing culvert is 
approximately 1 m x 1 m in size. 

Photo 
10 
 

Reach 
JT4 

 

Photograph taken facing upstream (west) at recreational trail. Note the abundance of 
Willow and grasses species encroaching within the corridor. 
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Photo 
11 

 

Reach 
WC1 

 

Photograph taken facing upstream (southwest).  
This reach flows through an unconfined wetland.  

Photo 
12 
 

Reach 
WC1 

 

Photograph taken facing downstream (northeast).  
This reach consists of a plain bed with no riffle-pool development. 
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Photo 
13 

 

Reach 
WC2 

 

Photograph taken facing upstream (southwest). This reach slightly meanders through a 
forest within an unconfined valley. Riffle-pools are well developed.  

Photo 
14 
 

Reach 
WC2 

 

Photograph taken facing downstream (northeast). Bank erosion is demonstrated by 
exposed roots, undercut banks, and leaning trees.  
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Photo 
15 

 

Reach 
WC3 

 

Photograph taken facing downstream (northeast).  
Till is exposed along the base of a few banks.  

Photo 
16 
 

Reach 
WC3 

 

Photograph taken facing upstream (southwest).  
This reach has aggradation along the channel bed and erosion of channel banks.  
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Field Observations 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

























 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 13 
Entrenchment  
1. Low  (>2.2) 
2. Moderate 
(1.4 – 2.2) 
3. High (<1.4) 

 
 

Table 1 Land Use 
1. Forest 
2. Pasture 
3. Agricultural 
4. Industrial  
5. Park 

 

Table 2 Valley Type 
1. Unconfined 
2. Confined  
3. Partially Confined 

 

Table 6 Dominant Vegetation 
Type 
1. Trees 
2. Shrubs  
3. Grasses 
4. Herbaceous 

 

Table 5 Flow Type 
1. Perennial 
2. Intermittent 

3. Ephemeral  

Table 10 Degree of Sinuosity 
1. Straight (1 – 1.05)  
2. Low sinuosity (1.06–1.30) 
3. Meandering (1.31 - 3.0) 

                       

Table 7 Extent of 
Encroachment into Channel  
1. None   5. Extreme 
2. Minimal   
3. Moderate 
4. Heavy 

 

Table 9 Type of Sinuosity 
1. Sinuous 
2. Irregular Meanders 
3. Regular Meanders 
4. Tortuous Meanders 
5. Confined pattern (within 
valley)  

Table 4 Channel Zone 
1. Headwater zone 

2. Transfer zone 

3. Deposition zone 

 

 

 

 

 

 

 

 

 

Table 12 Number of Channels 
1. Single  
2. Up to 3 (Wandering) 
3. >3 (Braided)  
4. >3 (Anastamosing or 
Anabranching)  
5. Discontinuous or Absent 

Table 11 Gradient  

1. Low 
2. Moderate   
3. High 

Table 14 Type of Bank Failure 
1. Fluvial Entrainment (Hydraulic 
action)  
2. Undercutting (Hydraulic action) 

3. Slab Failure (Mass failure) 
4. Parallel slide (Mass failure)  
5. Fall/Sloughing (Mass failure) 
6. Rotational slip and slump (Mass 
failure) 

 
Table 8 Type of Aquatic 
Vegetation 
1. Rooted Emergent 
2. Rooted Submergent 
3. Rooted Floating 

4. Free Floating Roots 
5. Floating Algae 
6. Attached Algae 

Table 16 
Odours 
1. None 
2. Fishy 
3. Petroleum 
4. Sewage 
5. Chemical 
6. Other 

Table 17 
Turbidity 
1. Clear 
2. Slightly 
turbid 
3. Turbid 
4. Opaque 
5. Stained 
6. Other 

6. Institutional  
7. Residential  

8. Golf Course 
9. Commercial  
10. Other 
 

Table 15 Downs’s Model of Channel 
Classification 
S – Stable    
D or d – Depositional   
M or m – Lateral Migration  
E or e – Enlarging  
C – Compound  
R – Recovering  
U – Undercutting  
 
 

Reach Characteristics Key 

Table 3 Channel Type 
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Appendix E 
Erosion Hazard Delineation 
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