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Vision Georgetown – Meander Belt Assessment for Select Reaches of Tributary A and Tributary C 

Date: March 29, 2018 

Project #: 15881 

To: Steve Burke 

From: Tatiana Hrytsak, Dan McParland & Robin McKillop 

cc: Steve Grace, Tara Buonpensiero & Dirk Janas 

Re: Vision Georgetown – Meander Belt Assessment for Select Reaches of Tributary A and 

Tributary C 

1. Introduction 

Palmer Environmental Consulting Group Inc. (PECG) was retained by the Town of Halton Hills (hereinafter 

referred to as the Town) to establish and/or refine the meander belt widths for seven reaches of Tributary 

A and Tributary C within the Vision Georgetown study area in Georgetown, Ontario, in order to inform 

development setback limits. This memorandum provides the results of our assessment. Relevant Vision 

Georgetown background information (Section 2) is followed by an overview of the physical setting and 

historical changes (Section 3); a summary of methods (Section 4); a description of channel morphology of 

the assessed reaches (Section 5); an overview of the meander belt limits (Section 6); and our final 

conclusions (Section 7). 

2. Background 

As part of the Vision Georgetown Subwatershed Study (AECOM, 2017), geomorphic reaches were defined 

for Tributary A and Tributary C and meander belts limits were established for reaches that had defined 

channel dimensions, intermittent or permanent flow, and hydraulic connection to downstream reaches 

(Appendix A, Figure 4.8.9). Meander belt limits were not established for reaches that did not meet these 

criteria. Conservation Halton (CH) expressed through writing (comment table dated February 12, 2018) 

and again during an in-person meeting (March 5, 2018) the need for meander belt limits for six unconfined 

reaches that were not included in the subwatershed study meander belt assessment. 

• Tributary A: A2-1, A2-2 

• Tributary C: C-1, C-2, C-3, C-4 

The Vision Georgetown Subwatershed Study (AECOM, 2017) characterized Tributary C as a first order 

channel consisting of a single branch that originates in a woodlot. The tributary consists of six reaches that 

were classified as defined (discernible banks and bed), undefined (no discernible banks and bed), and 

poorly defined. These classifications were generally related to surrounding land use; undefined reaches 

are within agricultural fields (C-3 and C-5), and defined and undefined reaches are within woodlots or lawn 

vegetation (C-1, C-2, C-4, C-6). Flow conditions in Tributary C for defined reaches are characterized by 

intermittent flow and undefined reaches are characterized by ephemeral flow. Tile drainage is used in the 

Tributary C subcatchment, which could also impact flow patterns. Justification for not delineating meander 
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belt limits for reaches of Tributary C as part of the subwatershed study was due to the localized areas of 

undefined channel and/or ephemeral flow regime (AECOM, 2017). 

Branch A2 consists of reaches A2-2 and A2-1 downstream of Trafalgar Road. Under existing conditions, 

drainage from the upstream catchment (Catchment A-4a, Appendix A, Figure 4.6.1) is not connected to 

Branch A2 due to the presence of an anthropogenic berm immediately downstream of Trafalgar Road. 

Instead, flow from Catchment A-4a is conveyed eastward through a roadside ditch downstream to reach 

A5-1. The majority of the natural drainage area for Branch A2 originates upstream of Trafalgar Road (1.527 

km2) as compared to downstream of Trafalgar Road (0.261 km2). As a result of the upstream anthropogenic 

drainage diversion, both reaches of Branch A2 lack definition; A2-2 is classified as poorly-defined and A2-

1 is undefined. The flow regime for both reaches was classified as “No Flow”. A meander belt was not 

delineated for Branch A2 based on a lack of channel definition and lack of flow (AECOM, 2017). 

Additionally, CH expressed concern that the delineated meander belt width for Reach A5-1 was too narrow. 

Reach A5-1 is extensively straightened and it was classified as “heavily modified” channel with “intermittent 

flow” (AECOM, 2017). As part of the subwatershed study, AECOM (2017) established a meander belt 

width of 21 m for Reach A5-1, which was the average of four empirical meander belt width formulae that 

used maximum depth, drainage area, and width as input parameters. CH has asked that the meander belt 

limits at Reach A5-1 be reconsidered because the empirical equations did not account for the additional 

drainage area (Catchment A4-a) as a result of the anthropogenic berm at the upstream limit of reach A2-2. 

3. Physical Setting and Historical Changes 

The Vision Georgetown study area is situated in the headwaters of Silver Creek and the East Branch of 

Sixteen Mile Creek, originating on the drumlinized till plain of the South Slope (Ontario Geological Survey, 

2007a). The surficial geology is clay to silt-textured till derived from glaciolacustrine deposits or shale, with 

small areas of fine-textured glaciolacustrine and glaciofluvial deposits along the perimeter of the study area 

(Ontario Geological Survey, 2010). Both Tributary A and Tributary C are part of the East Branch of Sixteen 

Mile Creek. Land use in the study area has been consistently agricultural with minimal change since 1954. 

Visibility of the subject reaches in the 1954 and 1985 aerial photographs is poor due to the quality of the 

images and size of the features. Larger reaches that are visible appear to have been altered prior to 1954 

to maximize arable land. Refer to the subwatershed study (AECOM, 2017) for additional information on 

the physiography, geology, hydrology, and natural environment of the Vision Georgetown study area. 

4. Methods 

4.1 Background Review and Aerial Photograph Interpretation 

The fluvial geomorphology of subject reaches was assessed through a combination of desktop and field 

investigations. We reviewed a number of important background information sources for the study area, 

including the Vision Georgetown Subwatershed Study (AECOM, 2017) and Ontario Geological Survey 

bedrock (OGS, 2007) and surficial geology mapping (OGS, 2010). Historical aerial photographs provided 

by the Town from 1954, 1974, and 1985, and recent aerial photography from the Town’s online web 
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Vision Georgetown – Meander Belt Assessment for Select Reaches of Tributary A and Tributary C 

mapping service (1999, 2002, 2005, 2007, 2009, 2011, 2013, 2015, 2017), were reviewed to support 

characterization of historical channel/valley conditions and changes in land use. 

4.2 Field Reconnaissance 

Field reconnaissance was completed on March 13, 2018 by PECG staff. Several centimetres of snow fell 

the previous night leaving the surrounding area and drainage features snow-covered. The previous night’s 

temperature was below 0⁰C, resulting in a thin layer of ice cover in localized areas of standing water. The 

purpose of the visit was to observe existing conditions, compare field conditions with previous assessments 

completed by AECOM, and measure bankfull or top of bank dimensions where channel definition allowed. 

All of the aforementioned reaches were visited; additionally, reaches C-5 and C-6 were visited to provide 

additional context. 

4.3 Meander Belt Limit Delineation 

The meander belt was delineated for the subject reaches in general accordance with Belt Width Delineation 
Procedures (Parish Geomorphic Ltd., 2004), which adhere to guidelines established by the Ontario Ministry 

of Natural Resources and Forestry (MNRF) (Ontario Ministry of Natural Resources, 2001). The drainage 

features in the Vision Georgetown study area have been extensively modified prior to the earliest available 

historical imagery (1954) such that they no longer exhibit natural meandering corridors. Thus, a historical 

overlay analysis to determine the meander belt is not appropriate. Furthermore, due to extensive agriculture 

activity in the Georgetown area, surrogate reaches with similar drainage areas and flow regimes were not 

available. As such, empirical meander belt width formulae were reviewed in context of the field assessment 

and the data available from the AECOM (2017) report. Most of the subject reaches lack sufficient channel 

definition to use formulae based on channel dimensions (width or depth). Those reaches that are defined 

have been extensively modified and, therefore, their dimensions may not be representative of governing 

flow conditions. As a result, three formulae that employ input parameters of upstream drainage area (!"), 

bankfull discharge (#$%), and channel slope (&) were used to predict the meander belt width for the subject 

reaches: 

'()*+(, .(/0 12+0ℎ = 8.32 × ln<!" × 9806 × #$% × &@ − 14.83 Equation 1 (Parish 
Geomorphic Ltd., 2004) 

'()*+(, .(/0 12+0ℎ = 120!"
D.EF Equation 2 (NCRS, 2007) 

'()*+(, .(/0 12+0ℎ = 18.5#HI
D.JK Equation 3 (Chitale, 1973) 

The input data for these formulae (!", #$%, &) were presented in the subwatershed study (AECOM, 2017). 

The 2-year flow was used as a conservative approximation of #$% for each reach. A 5 m and 10 m digital 

elevation model (DEM) was used to determine & for all reaches in the study area (AECOM, 2017). As 

requested by CH, !" and #$% for Reach A2-1 and Reach A2-2 included drainage from Catchment A4-a (i.e. 

assumes no berm present). For Reach A5-1, !" and #$% included Catchment A4-a (i.e. assumes berm is 

present). 
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For Equation 1, a factor of safety of two standard errors (17.26 m total) was applied to the predicted 

meander belt widths as stated in the procedural document (Parish Geomorphic Ltd., 2004). For Equation 2 

and Equation 3, a 20% factor of safety was applied to the predicted meander belt widths as requested by 

CH. 

5. Description of Existing Channel Conditions 

A brief description and photograph is provided for each subject reach below based on PECG’s background 

review and field reconnaissance. Additional information for the subject reaches is presented in the 

subwatershed study (AECOM, 2017). 

5.1 Tributary A – Branch A2 

High flows exiting the culvert at Trafalgar Road from Catchment A4-a have caused erosion of the existing 

anthropogenic berm at the upstream limit of Reach A2-2 that directs flow eastward along the roadside ditch 

(Photo 1). The erosion scar is approximately 1 m high and 3 m in length. Water was ponded at the base 

of the eroding berm during the assessment, where rip rap has also been placed, likely to mitigate erosion. 

A surficial connection between the upstream reaches in Catchment A4-a and A2-2 was not observed. 

Photo 1. Erosion of berm downstream of Trafalgar 
Road/Upstream limit of A2-2 (looking downstream) 

The landowner has ‘cut’ a drainage channel along the topographic depression formally occupied by Reach 

A2-2 (Photo 2). The majority of the feature was dry during the assessment but isolated patches of frozen 
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standing water (<0.05 m depth) were observed. Presumably the feature only conveys flow during the spring 

freshet and during and immediately after significant rainfall events. 

Photo 2. Drainage channel anthropogenically ‘cut’ by 
landowner along Reach A2-2 (looking upstream). 

The boundary between Reach A2-2 and Reach A2-1 is a driveway of an abandoned residential property. 

Similar to Reach A2-2, the landowner has ‘cut’ a drainage channel along the topographic depression 

formally occupied by Reach A2-1. Immediately downstream of the driveway culvert, standing water (<0.10 

m) and fine gravel on the drainage channel bed were observed. Progressing downstream, the drainage 

channel was dry and became undefined after crossing into a different property where a channel had not 

been ‘cut’. The general path of the undefined feature was inferred based on topography and damp soil with 

different surface texture indicative of a previous flow event (Photo 3). 
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Photo 3. Flow path of Reach A2-1 inferred based on 
topography, soil texture, and moisture. 

5.2 Tributary A – Reach A5-1 

Reach A5-1 is a well-defined agricultural ditch with a trapezoidal cross-section (Photo 4). Near the 

downstream confluence is an earthen farm crossing with a small, collapsing culvert conveying flow. 

Indicators of bankfull dimensions were limited due to the lack of vegetation and the heavily modified cross-

section. The channel bed was densely vegetated by emergent plants, obscuring low flow dimensions. 

Near the downstream reach break wetted depth was 0.15 to 0.20 m and wetted width was approximately 

0.90 m. Progressing upstream, the cross-section became narrower, shallower, and vegetation was more 

dense. 
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Photo 4. Reach A5-1 facing upstream from earthen farm crossing. 

5.3 Tributary C 

Reaches C-1 and C-2 are within a private residential property. C-1 is poorly-defined and flows through 

woody shrub vegetation (Photo 5). Standing water was present during the assessment in a wide, 

backwatered pool at the inlet of the 8th Line culvert. The wetted depth of the backwater pool was 0.20 m. 

Coarse gravel was observed on the bed near the inlet. 

Photo 5. Pool upstream of 8th Line culvert in Reach C-1. 
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Reach C-2 consists of a defined channel that has been cut through a maintained lawn by the property 

owner (Photo 6). During the assessment, a thin layer of ice was presented atop flowing water. Measured 

wetted depths of C2 ranged from 0.05 to 0.15 m and wetted width ranged from 0.30 to 0.80 m. Bed material 

consisted of small pebbles and sand. Minor erosion was observed along the banks. 

Photo 6. Defined channel cut into maintained lawn in Reach C-2. 

Reach C-3 is located in an agricultural field (Photo 7). No standing water or defined channel morphology 

was observed during the assessment. A general flow path could be inferred based on the surrounding 

topography but there were no indicators of recent flow. 
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Photo 7. General path of Reach C-3 as inferred from 
surrounding topography. 

Reach C-4 is located along the outer edge of a woodlot and thicket (Photo 8). The downstream end of the 

reach is marked by a wide (3.0 to 4.0 m), poorly-defined area where water presumably pools after draining 

from the woodlot. Cobbles, likely placed in the channel following removal from the surrounding agricultural 

field, were locally present in the channel. The bankfull cross-section dimensions ranged from 2.50 to 5.0 

m wide and 0.30 to 0.45 m deep. The reach was dry during the assessment; however, garlic mustard was 

growing along the margins of the feature, indicative of wet conditions. The reach becomes less defined 

progressing upstream and is undefined at the upstream end of the reach. 
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Photo 8.  Defined channel through woodlot in Reach C-4. 

Reach C-5 crosses two distinct agricultural fields. Through the first field, the feature was undefined and 

only a general drainage path could be determined based on the surrounding topography (Photo 9). In the 

second (i.e. upstream) agricultural field, the landowner has ‘cut’ a drainage channel along the topographic 

depression formally occupied by the reach. No water in the drainage channel was observed during the 

assessment. 

Photo 9.  No defined feature through the downstream portion 
of Reach C-5. 
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Reach C-6 is located in the woodlot at the upstream end of Tributary C. Channel definition was not 

observed during the assessment, only a small depression where water presumably ponds (Photo 10). The 

subwatershed study (AECOM, 2017) indicated that tile drains outlet from the surrounding agricultural fields 

into the woodlot. No evidence was visible of tile drains during the site assessment. 

Photo 10.  Small depression in woodlot indicative of the 
upstream end of Tributary C, Reach C-6. 

6. Meander Belt Widths 

The predicted meander belt widths of the subject reaches from the three empirical meander belt formulae 

are presented in Table 1. The Parish Geomorphic Ltd. (2004) formula produced meander belt widths for 

the subject reaches that are overly conservative and not representative of the physical setting. The formula 

is sensitive to slope, as exemplified by the result for A5-1. The reach slopes reported in the subwatershed 

study (AECOM, 2017) were derived from a 5 m and 10 m DEM. This resolution is too coarse to accurately 

determine the slope of small, headwater tributaries that are poorly-defined or undefined on the landscape. 

Thus, the meander belt widths produced by the Parish Geomorphic Ltd. (2004) formula are not appropriate 

for the subject reaches. 

The Chitale (1973) formula determined the meander belt based on the 2-year discharge. The resultant 

meander belt width estimates were narrow in comparison to the other two formulae. When compared to 

other reaches with similar drainage areas in the subwatershed study (AECOM, 2017), it was determined 

that the predicted meander belt widths using the Chitale (1973) formula were not sufficiently conservative. 

A review of the results from the previous two equations determined that, in the absence of defined channel 

dimensions, drainage area was the most accurate and representative parameter from which meander belt 

dimensions could be derived for the subject reaches. The values produced by the NCRS (2007) formula 
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are sufficiently conservative and reflect the potential width of a future meander corridor along the select 

reaches. The meander belt widths predicted using the NCRS (2007) equation are comparable to meander 

belt widths of other reaches with similar drainage areas as reported in the subwatershed study (AECOM, 

2017). The NCRS (2007) meander belts widths are delineated on Figure 1 (Tributary C) and Figure 2 
(Tributary A). 

Table 1. The input values and results for three empirical meander belt width equations. The values 
produced from the NCRS equation (bolded) are most appropriate for the select reaches 

Reach 

Input Parameters Meander Belt Width1 (m) 

Drainage
Area (km2) 

2-year
Discharge

(m3/s) 

Slope
(%) 

Parish 
Geomorphic Ltd.

(2004)2 

(Drainage Area, 
Discharge, and 

Slope) 

Chitale (1973)3 

(Discharge) 
NCRS (2007)3 

(Drainage Area) 

Tr
ib

ut
ar

y 
C

 C-4 0.42 0.12 1.66 58 8 20 

C-3 0.523 0.15 0.94 57 8 22 

C-2 0.599 0.17 0.36 51 9 23 

C-1 0.799 0.22 2.09 71 10 26 

Tr
ib

ut
ar

y 
A A2-24 1.59 0.69 0.86 78 18 36 

A2-14 1.788 0.78 0.59 77 20 38 

A5-15 2.649 1.37 0.05 65 26 44 

Notes: 

1. The reported meander belt width values do not include the addition of CH’s Erosion Access Allowance. 

2. A factor of safety of two standard errors (17.26 m) has been included to account for future change in hydrologic regime as per the 

Parish Geomorphic Ltd. (2004) guidelines. 

3. A 20% factor of safety of has been included to account for future change in hydrologic regime as per CH’s request. 

4. The drainage area and 2-year discharge for the reach assuming the anthropogenic berm downstream of Trafalgar Road has been 

removed/failed. 

5. The drainage area and 2-year discharge for the reach assuming the anthropogenic berm downstream of Trafalgar Road is present. 

Including the drainage from Catchment A4-a in the meander belt width calculations for both Branch A2 (A2-

1, A2-2) and Reach A5-1 results in conservative meander belt widths for these reaches. The meander belt 

widths for these reaches should be further refined once the future drainage of Catchment A4-a is known. 
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Figure 1. Delineated meander belt boundaries for select reaches of Tributary C (base imagery: Town of Halton Hills, 2017). 
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Figure 2. Delineated meander belt boundaries for select reaches of Tributary A (base imagery: Town of Halton Hills, 2017). 
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7. Conclusions 
PECG completed a meander belt assessment for seven reaches along Tributary A and Tributary C in Vision 
Georgetown study area, at the request of CH and the Town of Halton Hills. Data compiled as part of the 
original subwatershed study (AECOM, 2017) were reviewed and incorporated into this assessment, where 
appropriate. The drainage features in the Vision Georgetown study area have been extensively modified 
prior to the earliest available historical imagery (1954) such that they no longer exhibit natural meandering 
corridors. Thus, a historical overlay analysis to determine the meander belt was not appropriate. 
Furthermore, due to extensive agriculture activity in the Georgetown area, surrogate reaches with similar 
drainage areas and flow regimes were not available. As such, three empirical meander belt width formulae 
were used to estimate the meander belt widths of the subject reaches. Based on the results, it was 
determined that a formula based on drainage area (NCRS, 2007) was most representative of the potential 
width of a future meander corridor within the Vision Georgetown study area (Table 2). 
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Prepared By: 

Dan McParland, M.Sc., P.Geo. 
Fluvial Geomorphologist 

Reviewed By: 

Robin McKillop, M.Sc., P.Geo. CAN-CISEC 
Principal, Senior Fluvial Geomorphologist 
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Appendix A 

Select Figures from Vision 
Georgetown Subwatershed 
Study (AECOM 2017) 
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Figure 4.8.9 

This drawing has been prepared for the use of AECOM's client and may not be used, reproduced or 
relied upon by third parties, except as agreed by AECOM and its client, as required by law or for use by 
governmental reviewing agencies. AECOM accepts no responsibility, and denies any liability whatsoever,
to any party that modifies this drawing without AECOM's express written consent. 
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