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Photograph 27. Bend along cattail-lined Marigold Creek at inlet to culvert beneath 

Major Mackenzie Drive  

 

Photograph 28. Downstream view of Marigold Creek from Major Mackenzie Drive, 

showing floodplain wetland through which its small channel meanders  
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Rainbow Creek (0+710) 

 

Photograph 29. Upstream view of Rainbow Creek from Highway 27, showing eroding 

valleyside  

 

Photograph 30. Scour hole around tree trunk in floodplain of Rainbow Creek  
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Photograph 31. Upstream view of Rainbow Creek, toward Highway 27, showing 

widened channel bend  

 

Photograph 32. Unnatural riffle at outlet of existing culvert beneath Highway 27 

through which Rainbow Creek flows   
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Photograph 33. Downstream view of Rainbow Creek from Highway 27, showing scour 

pool and variable channel width  
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Humber River (Near Kleinburg WPCP) 

 

Photograph 34. Inlet of culvert draining north arm of oxbow O5 into Humber River  

 

Photograph 35. Downstream view of Humber River toward apex of meander M14, 

adjacent to Highway 27  
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Photograph 36. Steep western bank of Humber River at meander M14, showing 

original headscarp-like undercut at top-of-bank, smooth grassy slope 

and freshly scoured, creeping bank toe  
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Appendix B.  List of Historical Aerial Photographs Used in Analysis 
 

 

Watercourse Crossing 
1963 1982 1984 

Roll Line Frame Roll Line Frame Roll Line Frame 

Humber River (2+150 and  

Near Kleinburg WPCP) 

7153 15 6 – 8 82063 5 78 – 79 n/a n/a n/a 

7147 14 168 – 169 82063 4 8 – 10 n/a n/a n/a 

East Humber River (0+745) 7153 15 8 – 9 n/a n/a n/a 84015 15 100 – 102 

Purpleville Creek (1+480) 7153 15 9 – 10 n/a n/a n/a 84015 15 98 – 100 

Marigold Creek (0+359) 7153 15 10 – 11 n/a n/a n/a 84015 15 95 – 97 

Rainbow Creek (0+710) 7147 12 60 – 61 n/a n/a n/a 84022 6 60 – 62 
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To Steve Hollingworth  Page 1 

CC Greg Smith, Marc Rose 

Subject Addendum to Meander Belt and Erosion Assessment of Watercourses 

Associated with the Western Vaughan Transportation Improvements:  Humber 

River at Rutherford Road (0+130) 

 

From Robin McKillop and Kirsten Brown 

Date October 28, 2010  Project Number 60114489 

 

 

1. Introduction 

This memorandum has been prepared as an addendum to the report, Meander Belt and Erosion 

Assessment of Watercourses Associated with the Western Vaughan Transportation Improvements, 

dated July, 2010 (“the main report”).  It provides the meander belt and erosion assessment for Humber 

River in the vicinity of its crossing beneath Rutherford Road (0+130), in light of the recent proposal by 

the Regional Municipality of York (York Region) to replace the existing Rutherford Road bridge over 

Humber River in association with the proposed transportation improvements.  The overall objectives, 

methods and physical setting are the same for this assessment of crossing 0+130 as for those outlined 

in introductory sections 1, 2 and 3 of the main report, so they are not repeated in this addendum. 

 

Rutherford Road crosses Humber River along a different reach from that described in Section 4.1.1 of 

the main report in association with the proposed new Major MacKenzie Drive crossing (2+150) and 

the encroachment near the Kleinburg Water Pollution Control Plant.  Therefore, the following sections 

describe the new (downstream) reach, including site-specific conditions at the proposed crossing, and 

establish its meander belt and 100-year erosion limits.  Implications and recommendations for the 

design of the proposed replacement crossing structure are also included. 

 

 

2. Humber River (0+130) 

To accommodate the proposed widening of Rutherford Road, a replacement crossing structure is 

proposed over Humber River immediately east of Highway 27.  Humber River exhibits different 

channel and valley characteristics at this location compared to those described in the main report in 

association with the proposed new crossing at 2+150 (Figure 3 of the main report).  Therefore, a new 

(downstream) reach has been selected for the purpose of this assessment of crossing 0+130.  The 

study reach extends from the downstream limit of the reach described in the main report, 

approximately 650 m upstream of Rutherford Road, downstream to a natural valley constriction 

approximately 3,200 m downstream of Rutherford Road (Figure 1). 
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2.1 Geomorphic Description 

2.1.1 Overall Study Reach 

The study reach exhibits a partly confined, irregularly meandering channel pattern across a level, 

continuous floodplain.  Humber River impinges on a steep valleyside at the upstream end of the reach 

before entering a straightened segment, meanders across a broad valley bottom in the middle of the 

reach, and then becomes confined again where the valley narrows near the south end of the reach. 

 

The river segment between Rutherford Road and the upstream limit of the study reach was straightened 

sometime prior to 1963, presumably in association with the original construction of Highway 27.  The 

influence of this straightening and other historical changes in land use on fluvial processes within the 

study reach of Humber River are acknowledged in Table 1.  This straightened segment has been 

included within the study reach because oxbows representing the historical (pre-straightening) channel 

pattern are still visible on the floodplain, on both sides of Highway 27 (Figure 1).  Despite its straight 

planform, Humber River exhibits a slight sinuosity in its thalweg, particularly during moderate flows.  The 

corresponding patterns of erosion and deposition that were observed indicate that re-meandering is 

likely to occur naturally over time.  Clay-rich Halton Till is locally exposed along the bed and lower banks 

of this straightened segment, beneath the overlying alluvial deposits of interbedded silt, sand and 

gravel.  The significance of this observation for bridge design is provided below in Section 2.2. 

 

Humber River exhibits pool-riffle sequences in both the straightened and meandering sections of the 

study reach.  Bankfull width averages approximately 18 m, similar to the upstream reach, although it is 

locally up to about 35 m at some sharp meanders and where mid-channel bars have deflected flow 

toward the banks.  Alluvial bed material is dominantly cobble and gravel, with localized areas of sand 

and silt in slackwater areas.  Erosion is visible on most outer banks of meanders, with point bar 

deposition predominant on the inside of the bends.  Leaning trees and undermined fences were 

observed along outer meander banks, where erosion is concentrated (Figure 1).  Relatively rapid point 

bar accretion along the inside of some meanders has resulted in the edge of mature riparian trees being 

left up to ten metres back from the normal water‟s edge, a normal phase of meander migration.  

Immediately downstream of Rutherford Road, a tree has slumped into the channel exposing the 

undercut west bank to accelerated erosion. 

 

Meander scrolls were identified on the broad valley bottom south of Rutherford Road through 

stereoscopic analysis of the aerial photographs (Figure 1).  These scrolls, representative of incremental 

point bar accretion and historical meander migration, are on a low terrace of older alluvium that projects 

into the valley from the east.  This terrace is responsible for the abrupt deflection of the river from the 

east to the west side of the valley and likely only gets inundated during extreme flood events.  Over 

time, continued bank erosion at meander MD may lead to the development of a large meander cut-off.  

Also, a flood swale observed on the low floodplain along the inside of meander MB may develop with 

time into a meander cut-off (Figure 1). 

 

Land use and riparian vegetation within the Humber River valley are variable.  An engineered wetland, 

created between 1982 and 2007 (Table 1), occupies the eastern floodplain along the straightened 

segment of river (Figure 1).  Highway 27 and small, roadside developments occupy most of the western 

floodplain along the straightened segment, with meadow species extending to the river bank.  South of 

Rutherford Road, the river meanders through flat, agricultural land.  The banks are vegetated by narrow 

stands of mixed deciduous and coniferous trees, except where fields extend nearly to the channel edge.  

In the backyards of a few homes, maintained lawns extend down to the river banks.  The banks are 

more wooded at the downstream end of the reach, where the river is forced through a confined section 

of valley by a topographic high projecting into the west side of the valley. 
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Table 1. Influence of Historical Changes in Land Use on Humber River 

in the Vicinity of Rutherford Road 

Period During 

Which Change 

Occurred 

Location(s) of Change Description of Change 
Influence on Channel Morphology and 

Fluvial Processes 

Pre-1963  Throughout watershed  Forested landscape 

replaced with agricultural 

fields 

 Increased peak flows and sediment 

supply, which increased channel 

instability 

 Humber River, east of 

Highway 27, north of 

Rutherford Road 

 Channel straightened   Position and orientation of river 

restrained along this section, which has 

restricted lateral movement 

 Shortened channel locally increased 

gradient and formed a subtle knickpoint, 

to which the river has responded by 

down-cutting slightly 

 Rutherford Road crossing  Bridge constructed with 

concrete abutments and 

piers and localized rip-rap 

along the banks 

 Position and orientation of river 

essentially fixed at this location, which 

has prevented lateral movement 

 West of Highway 27, 

between Major MacKenzie 

Drive and Rutherford Road 

 Excavation pit  Increased potential for fine sediment 

delivery and localized aggradation 

1963 – 1982  West of Highway 27, 

between Major MacKenzie 

Drive and Rutherford Road 

 Enlarged excavation pit  Increased potential for fine sediment 

delivery and localized aggradation 

 East floodplain of Humber 

River, north of Rutherford 

Road 

 Golf course constructed  Slight reduction in fine sediment supply 

due to revegetation 

 Humber River, north of 

Rutherford Road 

 Two footbridges installed 

with concrete abutments 

and localized rip-rap along 

banks to service golf course 

on east bank 

 Position and orientation of river 

essentially fixed at these locations, 

which prevented lateral movement 

1982 – 2007  East of Humber River 

valley, as well as on the 

west side in the southern 

part of the reach 

 Residential subdivisions 

constructed 

 Slight increase in peak flows due to 

increased impervious land cover, which 

may have increased bed and bank 

erosion 

 West of Highway 27, 

between Major MacKenzie 

Drive and Rutherford Road 

 Pit decommissioned through 

backfilling and revegetation 

 Potential for fine sediment delivery and 

localized aggradation returned to pre-pit 

condition 

 East floodplain of Humber 

River, north of Rutherford 

Road 

 Golf course replaced by 

engineered wetland and trail 

network 

 Slight decrease in peak flows due to 

flood attenuation influence of wetland 

 Increased bank stability due to less 

traffic 

 Humber River, north of 

Rutherford Road 

 Southern footbridge 

removed 

 Position and orientation of river no 

longer fixed at this location, so 

meandering potential returned to pre-

bridge state 
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2.1.2 Site-Specific Conditions at Crossing 

Rutherford Road crosses Humber River immediately east of Highway 27, at the downstream end of 

its historically straightened section.  A sharp bend has formed immediately upstream of the crossing, 

such that the trajectory of flow is directed toward the east bridge abutment (Figure 1).  Rip-rap with a 

diameter of approximately 100 mm has been eroded easily by floodwater from the embankment 

sloping down from the abutment, exposing the underlying filter cloth to undercutting and damage.  

Minor bank erosion and localized widening of the channel is occurring upstream. 

 

As the river passes under the bridge, its trajectory shifts toward the west side, where it is eroding 

through the concrete foundation of the old bridge that was in use prior to 1982.  Rip-rap and filter 

cloth are being eroded from this western bank as well.  Immediately downstream of the crossing, a 

large tree has fallen into the channel as a result of gradual undercutting of the bank on which it once 

grew.  The rootwad of the tree was still attached to the bank on September 30, 2010, but it had been 

partly outflanked by floodwaters.  Downstream of the crossing, the river displays a more typical 

meandering pattern. 

 

2.2 Meander Belt and Erosion Assessment 

The existing meander belt width of Humber River along the study reach is 485 m.  The final 

(predicted) meander belt width, including a factor of safety in accordance with TRCA‟s Belt Width 

Delineation Procedures (Parish Geomorphic, 2004), is 552 m.  This includes an erosion allowance of 

37 m along its western boundary and an erosion allowance of 30 m along its eastern boundary, both 

of which represent the distance between the existing channel bank and the mid-point of the confining 

valleyside.  This meander belt encompasses the meanders that cross the broad valley bottom 

downstream of Rutherford Road, as well as the pre-existing channel corridor defined by the oxbows 

upstream of Rutherford Road.  The proposed crossing is along a historically straightened section of 

the river, which exhibits only early signs of re-meandering.  The Highway 27 road berm that follows 

this portion of the valley bottom is between 25 m (upstream) and 100 m (downstream, at the crossing) 

from the west bank of Humber River, so westward channel migration is artificially restricted.  The belt 

width is provided mainly for context, in this case, because spanning the entire belt width with a 

replacement crossing structure is cost-prohibitive and, as suggested below, unnecessary in order to 

accommodate fluvial processes within the expected lifespan of the structure. 

 

All lateral and down-valley erosion rate estimates for Humber River (0+130), based on the 

quantitative analysis of different channel configurations in historical aerial photographs, are listed in 

Table 2.  The pertinent 100-year lateral migration distance derived from meanders in the immediate 

vicinity of the proposed crossing is 30 m (i.e., the average of the lateral migration distances of 

upstream meanders M1 and M3 and downstream meanders MA and MB).  Minor erosion is already 

occurring along both the eastern (upstream) and western (downstream) bank.  The conservative 

assumption, then, is that the river could shift to either side within the next 100 years.  Assuming the 

average bankfull width of 18 m at the proposed crossing (to allow for possible future widening beyond 

the existing 14 m width at this location), a corridor 78 m wide is required to accommodate either a 

westward or an eastward shift in the current channel position.  Designing a bridge that 

accommodates the down-valley passage of a meander is unnecessary, in this case, because there 

are no meanders immediately upstream of Rutherford Road.  The closest meander, at the upstream 

end of the study reach (M1), would likely take more than 900 years to reach the crossing. 
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Table 2. Lateral and Down-Valley Meander Migration Distances of Humber River (0+130) 

Meander 

No.
1
 

Period 

Lateral Erosion Down-Valley Erosion Use of Meander Measurement 

Shift (m) 
Rate 

(m/yr) 

100-Yr 

Distance 

(m) 

Shift (m) 
Rate 

(m/yr) 

100-Yr 

Distance 

(m) 

Meander Belt 

100-Yr Meander 

Migration at 

Crossing 

3 1963 2007 11.0 0.25 25 0.0 0.00 0  X 

1 1963 2007 7.0 0.16 16 32.0 0.73 73  X 

A 1963 2007 12.0 0.27 27 16.0 0.36 36  X 

B 1963 2007 23.0 0.52 52 13.0 0.30 30  X 

C 1963 2007 13.0 0.30 30 11.0 0.25 25 X  

D 1963 2007 13.0 0.30 30 13.0 0.30 30 X  

E 1963 2007 0.0 0.00 0 0.0 0.00 0 X  

F 1963 2007 0.0 0.00 0 0.0 0.00 0 X  

G 1963 2007 0.0 0.00 0 0.0 0.00 0 X  

Notes: Dashed line separating rows represents crossing location relative to meanders. 

Erosion values of 0.0 m represent no erosion or, in the case of lateral erosion, inward adjustment relative to meander belt 

boundaries. 

1. Meanders 1 and 3 from upstream reach assessed in main report.  Meanders A to G numbered from upstream to 

downstream along study reach in this addendum, as identified in Figure 1. 

 

Other than the slight „kink‟ in its planform beneath the existing Rutherford Road bridge, Humber River 

is virtually straight immediately upstream and downstream, with no significant side channels or flood 

swales.  Therefore, the potential for local meander development or avulsion to occur during the 

expected lifespan of the proposed replacement bridge is low. 

 

As mentioned in Section 2.1.1, Halton Till is exposed along the bed and lower banks along portions of 

the straightened reach.  This observation is to be expected, because anthropogenic river straightening 

increased the local channel gradient.  A subtle longitudinal, convex-up break-in-slope, known as a 

knickpoint, has formed.  The upstream migration of this knickpoint through retrogressive erosion („head-

cutting‟) has caused local degradation (down-cutting) along the straightened reach.  The increased 

velocities along the slightly steeper channel have increased shear stress along the bed and banks. 

 

2.3 Implications and Recommendations for Crossing Structure 

The proposed location for the replacement bridge is reasonable, from a fluvial geomorphological 

perspective, because it is situated along an overall straight reach that has exhibited limited movement 

in the past several decades.  A total span of approximately 78 m accommodates the active (bankfull) 

channel and the 100-year erosion limit on both sides of the active channel.  A multi-span bridge is 

likely necessary to achieve such a wide span.  The main span should be approximately centred over 

the active channel, and the bridge abutments and pier(s) should be skewed so their axes are oriented 

slightly southwest-northeast.  This configuration will better accommodate the anticipated adjustment 

of the river beneath the bridge. 

 

At the time of writing, a conceptual design of the proposed multi-span bridge has been prepared.  It 

has a main central span of 32 m and flanking spans of 24 m.  Accordingly, two piers are proposed 

within the floodplain, one on each side of the active channel.  This total span (80 m) should 

accommodate local fluvial processes, as described above. 
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Consideration should be given to the following measures in relation to the proposed replacement 

crossing: 

 

 Installing and monitoring bank erosion pins along the two abrupt bends that form the 

„kink‟ beneath the existing bridge, to better understand the site-specific erosion rates; 

 Protecting the proposed new eastern pier and abutment through appropriate bank 

stabilization measures, in recognition of the potential for the „kink‟ in the river beneath the 

existing bridge to continue to adjust; 

 Accounting for continued minor lowering of the river bed, in response to historical 

straightening, in the design of proposed new bridge foundations and any bank erosion 

protection measures; and 

 Removing the deteriorating concrete foundation of the old bridge from the western edge 

of the channel and rehabilitating the bank with more natural materials, if habitat 

compensation is required. 

 

Such measures will help reduce the potential impact of the replacement bridge on channel 

morphology and aquatic habitat and the potential risk to infrastructure posed by fluvial processes. 

 

 

3. Conclusion 

This memorandum demonstrates that fluvial processes within the next 100 years can be 

accommodated beneath the proposed replacement Rutherford Road bridge over Humber River within 

a corridor approximately 78 m wide.  A corridor of this width allows for up to 30 m of erosion on either 

side of the 18 m-wide river, and the straight section of channel immediately upstream precludes the 

need to allow for meander passage during the expected lifespan of the proposed bridge.  Based on 

the results of this assessment, a three-span bridge with a total span of 80 m has been proposed. 
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