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1. Introduction 

Beacon Environmental Limited (Beacon) was retained by Sunrise International Investment Inc. to 
complete a geomorphic assessment in support of an Environmental Impact Study being undertaken for 
the proposed redevelopment of the Bunker Hill Golf Club located at 3695 Sideline 4 in the City of 
Pickering, Regional Municipality of Durham (subject property; Figure 1).  The subject property is located 
within the jurisdiction of Toronto and Region Conservation Authority (TRCA). 
 
The property is located on northeast corner of Sideline 4 and Highway 7. An unnamed tributary of 
Carruthers Creek traverses the subject property. The Ministry of Natural Resources and Forestry 
(MNRF) has identified this watercourse as occupied habitat for the provincially Endangered, Redside 
Dace (Clinostomus elongates).  As such, the purpose of this assessment was to identify the extent of 
occupied regulated Redside Dace habitat in relation to the subject property.  Ontario Regulation 242/08 
of the Endangered Species Act (ESA 2007) defines regulated habitat as the meander belt, plus 
vegetated areas or agricultural lands within 30 metres of the meander belt for occupied or recovery 
stream reaches.  This report does not provide the erosion hazard limit, which will need to be confirmed 
through a separate geotechnical study.   
 
Specifically, the following tasks were undertaken in support of the study: 
 

• Background review of available materials (topographic mapping, aerial photography, and 
watershed reports);  

• Desktop assessment to delineate reaches based on underlying geomorphic controls;  

• A field assessment to characterize existing geomorphic conditions, confirm valley 
configuration, and document evidence of active channel processes;  

• Following applicable policies and guidelines, delineate the meander belt on a reach basis, 
referencing recent aerial imagery, historical trends in channel planform (where feasible), and 
valley floor dimensions; and 

• In accordance with Ontario Regulation 242/08, delineate the limit of regulated Redside Dace 
occupied habitat, referencing 30 m from the meander belt. 

 
 

2. Desktop Assessment 

2.1 Background Review 

2.1.1 Climate 

Climate provides the driving energy for a fluvial system and directly influences basin hydrology and 
rates of channel erosion, particularly through precipitation.  Precipitation records obtained from climate 
normals (1981-2010) recorded at Oshawa Water Pollution Control Plant (WPCP), located southeast of 
the Study Area, averaged 69 mm per month in winter (November through February), and 75 mm in 
summer (July and August) (Environment Canada 2017).  This increase over the summer months is 
likely a result of convective thunderstorms.  While total precipitation amounts are greater during the 
summer months, snowmelt and rain-on-snow events tend to produce the highest flows within a 
watershed. 
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2.1.2 Watershed Conditions 

A tributary to Carruthers Creek traverses the subject property, the smallest and most easterly watershed 
within TRCA jurisdiction.  Carruthers Creek drains a total area of 39 km2 and captures portions of the 
Pickering and Ajax within York and Durham Regions (TRCA 2002).  Carruthers Creek flows in a general 
southerly direction from just north of Eighth Concession Road  in the City of Pickering to Lake Ontario 
about 20 km downstream within the Town of Ajax.  
 
 
2.1.2.1 Geology 

The planimetric form of a watercourse is fundamentally a product of the channel flow regime and the 
availability of sediment (i.e., surficial geology) within the channel corridor.  The ‘dynamic equilibrium’ of 
these inputs governs channel planform. These factors are influenced in smaller systems by 
physiography, riparian vegetation and land use.  The study area falls within a region of drumlinized till 
plain immediately adjacent to the glacial Lake Iroquois Shoreline physiographic region (Chapman and 
Putnam 1984).  The surrounding area surficial geology consists of glacial till deposits of sandy silt to 
sand (TRCA 2002).  Within the most downstream portion of the study area, the creek reworks modern 
alluvial sand and gravel deposits.  These surficial conditions are reflective of veneer (less than 5 m 
thick) of silt and clay that was deposited across much of the land surface during the last glacial retreat. 
 
 
2.1.2.2 Fluvial Geomorphology 

The TRCA Carruthers Creek State of the Watershed Report (2002) provided a generalized 
understanding of geomorphic conditions at a watershed scale for Carruthers Creek. Data presented in 
the report included regional trend analysis for discharge based on drainage area, and selected bankfull 
dimensions from available field stations downstream of Taunton Road.  Information specific to the 
Carruthers Creek Tributary was not presented in the report.  However, the reach of Carruthers Creek 
Tributary within the subject property was classified as a second order stream within the Fisheries 
Management Plan (TRCA, 2004). 
 
 
2.1.2.3 Aquatic Habitat 

In 2000, a fish community habitat survey was completed in Carruthers Creek Watershed by TRCA to 
provide a benchmark of current knowledge of the watershed. To date a total of 22 species have been 
encountered within the watershed; however; in the 2000 survey, only ten (10) species were 
encountered. The Watershed Report characterized the middle and upper reaches as coldwater habitat 
indicated by groundwater inputs and presence of rainbow trout (Oncorhynchus mykiss) and mottled 
sculpin (Cottus bairdii) (TRCA 2002). The Fisheries Management Plan classifies the reach of Carruthers 
Creek Tributary within the subject property as a small riverine coldwater habitat (TRCA, 2004). The 
report indicates that MNRF data suggests that Redside Dace, and other sensitive species such as 
mottled sculpin, and darter species, are still found in this type of habitat.  
 
 



Contains information licensed  und er the Op en Government License–
Ontario Orthoimagery Baselayer: FBS Durham 2020

Carruthers CreekTributary
Sideline 4

Kinsale Road

Highway 7

1:6,000

C:\Dropbox\Dropbox (Beacon)\All GIS Projects\2017\217225 Bunker Hill Recreational Resort\MXD\Geomorph\2021-02-08_Figure01_SiteLocation_217225_1.mxd

Lake Ridge Road

Kinsale Road

Highway 412

Sideline 4

Highway 7

Highway 407

Salem Road

Halls Road North

Audley Road

Site Location

± 1:50,000

Site Location Figure 1
3695 Sid eline 4 Geomorp hic As s es s ment

Project: 217225.1
Las t Revised : February 2021

Client: Sunrise International
Investment Inc.

Prep ared  by: DU
Checked  by: SG

Inset Map :

Legend
Watercourse
Subject Prop erty



 

 

3 6 9 5  S i d e l i n e  4  G e o m o r p h i c  A s s e s s m e n t  

 

 
Page 3 

 
 

3. Historical Assessment 

The following section presents an overview of historical conditions in the vicinity of the subject property 
with respect to land use, land cover and channel conditions.  Historical analyses provide insight into the 
scale of natural and human-induced changes within a watershed, particularly the degree to which 
channel planform adjustment and land use has changed over time.   
 
In support of the historic assessment, black and white aerial photographs and digital colour imagery 
were analysed and compared to obtain a simple, qualitative assessment of the degree of land use and 
channel planform change over time (Appendix A). Table 1 provides a summary of specific observations 
regarding change in land use based on available historical aerial imagery. 
 

Table 1.  Summary of Key Historical Observations 

Time 

Period 
Scale, Source Observations 

1961 

1:12,000 

Northway/Photomap/Remote 

Sensing Ltd. 

Land use was almost exclusively agricultural. Mature tree cover 

was limited to hedgerows and occasional woodlots.  Highway 7 

and the main Concession roads had been constructed.   

The tributary was observed as an intermittently defined channel 

with minimal sinuosity (straightened channel). Riparian buffers 

are minimal, consisting of grasses and herbaceous plants. 

Floodplain conditions (i.e., vegetation) are indicative of frequent 

inundation. 

1988 

1:10,000 

Northway/Photomap/Remote 

Sensing Ltd. 

Channel planform appears to be transitioning to a more sinuous 

planform. Minimal change in land use and riparian vegetation 

can be observed in the vicinity of the subject property. 

2002 
1:4,600 

First Base Solutions 

Surrounding land use has not changed. Land use within the 

subject property remains agricultural west of the tributary.  East 

of the tributary, evidence of grading was evident within the 

subject property.  

 

An enhanced riparian buffer can be observed within the valley 

lands and minimal change in channel planform can be observed 

within the subject property. 

2016 
1:4,600 

First Base Solutions 

Surrounding land use remained primarily agricultural. The 

Hollywood Court subdivision has been constructed south of the 

subject property, along Sideline 4.  Highway 7 has been widened 

to a four (4) lane arterial road and Highway 407 has been 

constructed north of the subject property; a stormwater 

management pond associated with Highway 407 has also been 

constructed. 

 

Land use within the property now consist of a golf course, 

including fairways, offline ponds and cart paths.  Four (4) cart 

crossings of the tributary can be observed.  Minimal change in 

riparian vegetation and channel planform can be observed. 
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4. Existing Conditions 

4.1 Reach Delineation 

To facilitate a systematic evaluation of the Carruthers Creek Tributary within the subject property, the 
watercourse was delineated into reaches.  Reaches are homogenous sections of channel with regard 
to form and function and can, therefore, be expected to behave consistently along their length to 
changes in hydrology and sediment inputs, as well as to other modifying factors (Montgomery and 
Buffington, 1997; Richards et al., 1997).  For the purposes of this study, Carruthers Creek Tributary 
within the subject property was delineated as a single reach.  Figure 2 illustrates reach limits associated 
with Reach CCT1. 
 
The determination of reach extents was based on a desktop assessment of transitions in riparian 
vegetation, sinuosity and degree of valley confinement, referencing available aerial imagery and 
topographic mapping.  Verification of reach extents was subsequently undertaken in the field to confirm 
that mapped reach extents accurately reflect existing conditions and underlying geomorphic controls.   
 
 

4.2 Rapid Assessments 

4.2.1 Methods 

In order to characterize existing geomorphic conditions along the relevant portion of the Carruthers 
Creek Tributary, rapid field assessments were conducted on October 12, 2017.  The following 
standardized rapid visual assessment methods were applied: 
 
 
i. Rapid Geomorphic Assessment (RGA – MOE 2003) 

The RGA documents observed indicators of channel instability by quantifying observations using an 
index that identifies channel sensitivity.  Sensitivity is based on evidence of aggradation, degradation, 
channel widening and planimetric form adjustment. The index produces values that indicate whether 
the channel is stable/in regime (score <0.20), stressed/transitional (score 0.21-0.40) or in adjustment 
(score >0.41). 
 
 
ii. Rapid Stream Assessment Technique (RSAT – Galli 1996) 

The RSAT uses an index to quantify overall stream health and includes the consideration of biological 
indicators (Galli 1996). Observations concerning channel stability, channel scouring/sediment 
deposition, physical in-stream habitat, water quality, and riparian habitat conditions are used to calculate 
a rating that indicates whether the channel is in poor (<13), fair (13-24), good (25-34), or excellent (35-
42) condition.  
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iii. Downs Classification Method (Downs 1995) 

The Downs (1995, outlined in Thorne et al. 1997) classification method infers present and future 
potential adjustments based on physical observations, which indicate the stage of evolution, and type 
of adjustments that can be anticipated based on the channel evolution model.  The resultant index 
classifies streams as stable, laterally migrating, enlarging, undercutting, aggrading, or recovering.   
 
 
4.2.2 Results 

Results of the rapid assessments are summarized in Table 2 and Table 3 below.  A photographic record 
of site conditions at the time of the assessment is provided in Appendix B.  Photo locations are shown 
in Figure 2. 
 
 
4.2.2.1 Reach CCT1 

Reach CCT1 was characterized as an intermittently-defined channel situated within a confined valley 
setting within an active golf course.  The reach displayed a low to moderate sinuosity and gradient and 
low degree of entrenchment.  Riparian vegetation was characterized as continuous, extending 1-5 
channel widths laterally and greater than five (5) channel widths in some locations.  Vegetation 
consisted of grasses, shrubs and herbaceous, cattails, cattails with scattered trees.  Bank angles 
ranged between 30-90 degrees, with 30-60% of banks identified as exhibiting indicators of active 
erosion, such as scour and slumping.  Bank materials were dominated by sand and silt with some 
gravel.  Riffle-pool morphology was poorly defined.  
 
Bankfull widths and depths ranged from 1.2-2.4 m and 0.20-0.57 m, respectively.  Where morphologic 
units were defined, riffle substrate consisted of sand, some gravel and erratic cobble and silt.  Pool 
substrate consisted of clay/silt, sand and gravel.  Existing channel disturbances included the Highway 
7 crossing (pre-cast concrete open bottom culvert) at the downstream reach extent and three (3) cart 
path crossings and one formalized driveway crossing of the Tributary.  The watercourse was in contact 
with the valley wall at three (3) locations within the reach (see Figure 2). 
 
Rapid assessment results indicated that Reach CCT1 was ‘in regime’ (stable), with a score of 0.20.  
Minor evidence of widening, planimetric adjustment and degradation were observed in the form of basal 
scour along channel banks, bank slumping, chute formation, single thread to multiple thread channel 
form and channel worn into undisturbed underlying till.  An RSAT score of 28 indicated a ‘good’ degree 
of overall ecological health, with physical instream habitat and riparian habitat conditions identified as 
limiting factors.  The Downs model reflected the RGA evaluation of this reach through a classification 
of S – ‘stable’ but with evidence of R –‘recovering’ that is representative of a historically modified 
channel that is regaining a more naturalized planform through lateral migration (increase in sinuosity). 
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Table 2.  General Reach Characteristics – Carruthers Creek Tributary 

Reach 
Bankfull 

Width (m) 

Bankfull 

Depth (m) 
Riffle Substrate Riparian Vegetation Notes 

CCT1 1.2-2.4 0.20-0.57 

Gravel, sand, 

silt, erratic 

cobble 

Grasses, herbaceous 

plants, cattails, shrubs, 

occasional trees 

• Iron staining 

• 0.3 m knickpoint 

• Multiple flow paths 

• Valley wall contacts 

 
 

Table 3.  Rapid Assessment Results – Carruthers Creek Tributary 

Reach 

Rapid Geomorphic Assessment 

(RGA) 

Rapid Stream Assessment 

Technique (RSAT) Downs 

Classification 

Method Score Condition 

Dominant 

Mode of 

Adjustment 

Score Condition 
Limiting 

Feature 

CCT1 0.20 In Regime Widening  28 Good 

Physical 

instream 

habitat, 

riparian habitat 

conditions 

S – ‘stable’ 

 
 

5. Analysis 

5.1 Policy Context 

5.1.1 Endangered Species Act (2007) 

As previously noted, it is our understanding that the reach of Carruthers Creek Tributary within the 
subject property has been identified by MNRF (N. Fortini, Management Biologist, Aurora District, email 
communication, December 7, 2017) as a watercourse that is being used, or was used at any time during 
the previous 20 years, by a Redside Dace, and that provides suitable conditions for a Redside Dace to 
carry out its life processes.  This minnow species and its habitat receive protection under the Ontario 
Endangered Species Act (ESA 2007). Redside Dace occupied habitat is defined under Ontario 
Regulation 242/08 as any part of a stream or other watercourse, the area encompassing the meander 
belt width of said watercourse, and the vegetated area or agricultural lands that are within 30 metres of 
the meander belt width. 
 
 
5.1.2 Provincial Policy Statement (2020) 

The Provincial Policy Statement (Ministry of Municipal Affairs and Housing 2020) issued under the 
Planning Act (1990) outlines areas of provincial interest with respect to natural hazards.  In support of 
the Policy Statement, a Technical Guide - Rivers and Streams: Erosion Hazard Limit document was 
prepared (MNR 2002) to outline standardized procedures for the delineation and management of 
riverine erosion hazards in the Province of Ontario.  The guide presents erosion hazard protocols based 
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on two generalized landform systems through which watercourses flow: confined and unconfined valley 
systems.  Through this approach, the meander belt width plus an erosion access allowance is defined 
to determine the erosion hazard limit of an unconfined valley system.  For confined valley systems, the 
erosion hazard limit is governed by geotechnical considerations, including the stable slope allowance 
and an applicable toe erosion allowance (i.e., channel migration component).    
 
Since Reach CCT1 is situated within a confined valley setting, the meander belt width was delineated 
solely to establish the limit of regulated occupied Redside Dace habitat in relation to the subject 
property.  Procedures for delineating the meander belt are identified in Section 5.2.  
 
 
5.1.3 Toronto and Region Conservation Authority Regulations and Guidelines 

5.1.3.1 Conservation Authorities Act (Ontario Regulation 166/06) 

The Toronto and Region Conservation Authority (TRCA) regulates land use activities in and adjacent 
to wetlands, watercourses and valleylands under Ontario Regulation 166/06 (Regulation for 
Development, Interference with Wetlands and Alterations to Shorelines and Watercourses) made under 
the Conservation Authorities Act.   
 
Subject to conformity with the municipality’s Official Plan, the completion of appropriate studies and 
application for Conservation Authority permits, The Authority may grant permission for development 
within these areas if it can be proven that control of flooding, erosion, pollution or the conservation of 
land will not be affected by the development.   
 
 
5.1.3.2 The Living City Policies (2014) 

The TRCA’s Living City Policy was approved in November 2014 and replaces the Valley and Stream 
Corridor Management Program (1994).  The Living City Policy document, among other matters, 
implements current federal, provincial and municipal legislation, policies and agreements affecting 
conservation authorities; and implements the policies for TRCA’s updated section 28 of Ontario 
Regulation 166/06.  For purposes of implementing TRCA’s Environmental Management Policies: 
 

• Confined River or Stream Valleys are considered Valley Corridors; and 

• Unconfined River or Stream Valleys are considered Stream Corridors. 
 
According to the Living City Policy, the boundaries of a valley or stream corridor generally require a 
minimum 10 m setback from the greater of:  
 

• Physical top of the valley feature; 

• Long term stable top of slope, where geotechnical concerns exist (which must be confirmed 
through an appropriate geotechnical analysis); 

• Regulatory floodplain; 

• Meander belt; and 

• Limits of significant vegetation which is contiguous with the valley corridor. 
 
It is the policy of TRCA:   
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That erosion hazard limits will be determined through site specific field investigations and 
technical reports where required, in accordance with the text of TRCA’s Regulation and 
Provincial and TRCA standards. Where erosion hazard limits are required and not 
available, or where existing erosion hazard information does not meet current Provincial 
or TRCA standards, TRCA may require the erosion hazard to be determined by a 
qualified professional, at the expense of the proponent, to the satisfaction of TRCA. 

 
The Belt Width Delineation Procedures (TRCA 2004) document outlines standards for delineating the 
meander belt width in TRCA jurisdiction.  
 
 

5.2 Meander Belt  

The meander belt width is generally defined as the lateral extent that a meandering channel has 
historically occupied and will likely occupy in the future. Where the watercourse is confined, as is the 
case for Reach CCT1, the valley wall acts a constraint to channel migration.   
 
Following TRCA (2004) procedures, the meander belt for Reach CCT1 was delineated based on the 
lateral extent of the outermost meander bends over the available historical record.  As Reach CCT1 
had undergone extensive historical modification, the resultant 30 m dimension was then reviewed using 
high resolution digital aerial imagery and topographic mapping to ensure that the dimension was 
sufficient to capture the active (bankfull) channel and evidence of lateral occupation of the floodplain 
(such as secondary channels or areas of frequent inundation) at the reach scale.   
 
Figure 3 illustrates the limits of the recommended 30 m meander belt for Reach CCT1.  
 
 

5.3 Redside Dace Occupied Habitat 

Figure 3 identifies all lands within 30 m of the meander belt limit as they pertain the to subject property. 
 
 

6. Policy Conformance 

It is our opinion that the findings of this report are in conformance with the Provincial Policy Statement 
(2020), Ontario Regulation 166/06, the TRCA (2004) Belt Width Delineation Procedures document and 
Ontario Regulation 242/08. 
 
 

7. Conclusions and Recommendations 

A geomorphic assessment was completed for the portion of Carruthers Creek Tributary within the 
subject property located at 3695 Sideline 4 in the City of Pickering, Ontario.  It is our understanding that 
the MNRF has classified Reach CCT1 as occupied Redside Dace habitat.  The purpose of this study 
was to determine the extent of Redside Dace occupied habitat relevant to the subject property.  The 
following points summarize the key findings of this study: 
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• A review of historical aerial photographs indicated that the Carruthers Creek Tributary in the 
vicinity of the subject property consists of an intermittently-defined, historically modified 
(straightened) channel. 

 

• Reach CCT1 is situated within a confined valley system.   
 

• Rapid geomorphic assessment results indicated that Reach CCT1 of Carruthers Creek 
Tributary was ‘in regime’ or stable (score of 0.20), exhibiting minor evidence of adjustment. 

 

• The RSAT assessment indicated that Reach CCT1 generally displayed a good degree of 
overall ecological health. 

 

• To determine the extent of occupied Redside Dace habitat limits, a meander belt of 30 m 
was recommended for Reach CCT1 following the TRCA (2004) guidelines and referencing 
the existing and historical channel planform, evidence of frequent floodplain inundation, and 
valley floor dimensions. 

 

• In conformance with Ontario Regulation 242/08, lands within 30 m of the meander belt have 
been identified on a reach basis. 
 

• As the watercourse is situated within a confined valley system, the erosion hazard limit will 
need to be confirmed through a separate geotechnical study.   
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Coverage: May 1961    Scale:    1:12,000 

Image ID:    1961_6446_14_54  Source:   Northway/Photomap/Remote Sensing Ltd. 
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Coverage: April 1988   Scale:    1:10,000 

Image ID: 1988_AF88109_43_17  Source:   Northway/Photomap/Remote Sensing Ltd. 
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Coverage: 2002     Scale:    1:4,600 

Image ID:    N/A    Source:   First Base Solutions 
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Photograph 1.  

Reach CCT1. Upstream view of Tributary from 

Highway 7 crossing. 

Photograph 2. 

Reach CCT1. Upstream view of monitoring station 

at pool. Note cart path crossing in the 

background. 

  

  

Photograph 3. 

Reach CCT1. Upstream view secondary channel 

formation.  

Photograph 4. 

Reach CCT1. Downstream view of Tributary at a 

valley wall contact point (eastern valley 

slope).  
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Photograph 5 (Location 5). 

Reach CCT1. Downstream view of erosion 

(undercutting) on outer meander bend.  

Photograph 6 (Location 5). 

Reach CCT1.  Upstream view of an outflanked 

3500 mm CSP culvert within the active channel.   

  

  

Photograph 7 (Location 6). 

Reach CCT1. Downstream view of basal scour and 

bank slumping at valley wall contact (eastern 

valley slope).    

Photograph 8 (Location 7). 

Reach CCT1. Upstream view of multiple flow paths 

formation. 
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Photograph 9 (Location 8). 

Reach CCT1. Upstream view of channel under the 

driveway bridge. Note placement of coir logs 

along both banks.  

Photograph 10 (Location 9). 

Reach CCT1. Upstream view of typical 

watercourse and riparian conditions along the 

reach.  

  

  

Photograph 11 (Location 10). 

Reach CCT1. Downstream view of valley form and 

floodplain from cart path crossing. 

Photograph 12 (Location 11). 

Reach CCT1. Downstream view of scour on inside 

meander bend. 

 
 
 
  



 

 

 A p p e n d i x  B  –  P h o t o g r a p h i c  R e c o r d   

 

 
Page B 4 

 
 

 

 

Photograph 13 (Location 12). 

Reach CCT1. Upstream view of undercut bank 

along outer meander bend from northern property 

limit. Note cart path crossing and monitoring 

station in the background. 

 

  

  

  

 
 
 
 




