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February 3, 2017 
WE 17002 
 
Ms. Vanessa Simpson, 
Junior Planner/Planning Technician 
Innovative Planning Solutions 
150 Dunlop Street East, Suite 201 
Barrie, ON L4M 1B2 
 
Dear Ms. Simpson: 
 
RE: 5-6 Train Ave & Yonge Street, Elmvale, ON  

Wye River – Erosion Hazard Delineation 

 
1.0 INTRODUCTION 
 
In support of site development at 5-6 Train Ave & Yonge Street in Elmvale in the Township of 
Springwater, Water’s Edge has been retained to complete an erosion hazard assessment for a 
portion of Wye River. Due to the proximity of the subject property to Wye River, to determine the 
limits of the proposed development, erosion hazard limits must be established This assessment 
provides an understanding of channel stability, identify any zones at risk to channel erosion, and 
specifically, delineates the erosion hazard. 
 
To achieve this, the following workplan was undertaken: 
 

 Collection and review of pertinent background information, including topographical 
mapping and aerial imagery; 

 Delineation of channel banks and floodplain features on historical photography; 

 Completion of field reconnaissance to confirm the existing geomorphic conditions, 
documentation and confirmation the results of the desktop analysis; and, 

 Delineation of meander axis and meander beltwidth; and, 

 Based on the detailed field and desktop analyses, determination of the Erosion Hazard 
Limit. 

 
 
2.0 INITIAL DESKTOP ASSESSMENT 
 

2.1. Study Area 
The site under investigation is located in the Township of Springwater, specifically, at 5 & 6 Train 
Avenue West and 70 Yonge Street South (Map 1). Within the site, Wye River flows in a northerly 
direction in a semi-confined valley with fairly well-connected floodplain. The river valley corridor is 
naturally forested with mixed trees and shrubs. The adjoining riparian area is also composed of 
fields. The river eventually flows into the Georgian Bay. An area of 49.6km2 contributes water and 
sediment to the site, and is agricultural (43.6% of the area), urbanized (7.6%) whereas the rest of 
the area is vegetated or composed of open water (OFAT, 2017).  
  

2.2. Physiography and Surficial Geology 
Geology influences channel form and function, rates of bank migration and incision, and defines 
the type and amount of sediment that may characterize the stream system. For example, a river 
flowing through alluvial (river) sediments as deposited on its floodplain may show a more regular 
pool and riffle sequence, as compared to a bedrock or semi-alluvial channel that may have less 
regularity resulting from contact with more erosion-resistant bedrock or glacial till. The entire study 
area is located within the Simcoe Lowlands physiographic region and particularly within the 
Bevelled Till Plain landform. (Chapman and Putnam, 2007).  
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Map 2 displays the surficial geology for the study area, and indicates that the river corridor has 
modern alluvial deposits within a setting of glaciolacustrine deposits – coarse textured deposits on 
the right and fine textured deposits on the left. Field investigations will attempt to confirm the 
presence of these deposits, and add some detail on exposed stratigraphy along the channel bed 
and banks that may have become exposed over time if required in the determination of the erosion 
hazard limits.  
 

2.3. Historic Assessment  
Typically, aerial imagery dating back to 30 years is reviewed to observe changes in landuse/cover 
and channel form over time, and attempts to identify possible channel works are made. It is 
essential to digitize historical channel banks and floodplain features (e.g. cutoff channels) when 
tasked with delineating an erosion hazard limit (e.g. meander belt or toe erosion allowance). Aerial 
orthophotography dating back to 1989 (specifically, 1989, 2002, 2008, 2012, 2013 and 2016) was 
acquired from County of Simcoe through their GIS Web Mapping Services. Aerial imagery for 1954 
was also obtained but not used since the image resolution was not was good enough for historic 
photo assessment. For some of the years, the vegetation within the stream corridor made reliable 
bank delineation difficult.  
 
Figures 1, 2, 3, 4, 5, 6 and 7 show the aerial photos obtained for the various years. From these 
figures, it is evident that the low resolution and vegetation do not allow for streambank delineation 
in the years 1954. Furthermore, the image for 1989 did not allow for a continuous stream bank 
delineation. The other images allowed for streambank delineation. However, in some areas, the 
exact location of the banks was ambiguous due to shadows and vegetation and the best estimate 
of streambank location was delineated which was later confirmed during the field reconnaissance. 
 

 
Figure 1: Aerial Photography – 2016 (subject property in magenta) 
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Figure 2 Aerial Photography – 2013 (subject property in magenta) 

 

 
Figure 3: Aerial Photography – 2012 (subject property in magenta) 
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Figure 4: Aerial Photography – 2008 (subject property in magenta) 

 

 
Figure 5: Aerial Photography – 2002 (subject property in magenta) 
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Figure 6: Aerial Photography – 1989 (subject property in magenta) 

 

 
Figure 7: Aerial Photography – 1954 (subject property in magenta) 
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The most evident change in landuse was observed between 1954 and 1989 where the land 
development is noted in the northwest of the subject property. Further development of land is noted 
between the years 1989 and 2002, No in-channel works were identified in the section of the creek 
within the subject property.  
 

2.4. Delineation of Reaches, Riverbanks 
Channel morphology and substrate characteristics can change along a watercourse. Hence, it 
becomes imperative to account for these changes by delineating lengths of a watercourse that 
exhibit similar planform, sediment substrate, land use, local geology, valley confinement, hydrology 
and slope. In this study, two reaches were delineated to account for change in, planform and valley 
trends. Streambanks were also delineated for the years 1989 through 2016. Map 3 presents a 
channel overlay for the 6 years. It must be noted that the 1989 river bank delineation was adjusted. 
The adjustment was made to account for the fact that though this photo was orthorectified, due to 
the lack of spatial control at the time of the flight, the 1980 photo does not overlay well over other 
photos. Though the adjustment increases confidence in the line delineated and allows for an 
accurate estimate of the meander belt axis (described in Section 2.5), it cannot be used for a 100-
year erosion assessment. 
 
In all the delineations, no major planform adjustment is evident. However, as illustrated in Figure 
8, due to the lack of clarity in the aerial photos (due to vegetative cover) in the section of the river 
around the island, there is uncertainty in the exact location of the right stream bank. The uncertainty 
is also evident in the upstream meander inner bend. These locations were clarified during the field 
reconnaissance. 
 

 
Figure 8: Delineation of streambanks in the island area 

 

Island 
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2.5. Delineation of Meander Belt Axis 
The meander belt axis is a line that follows the general down-valley orientation of a meander 
pattern. This feature needs to be delineated since the meander belt is centered around the meander 
belt axis. The meander belt axis was delineated for the two reaches first for the 2016 river banks. 
Following this delineation, all other delineated riverbanks were considered and it was determined 
that the for the other years, there was no change in meander belt axis. Therefore, the 2016 meander 
belt axis was used for the determination of the meander beltwidth. Map 4 shows the meander belt 
axis used to determine the beltwidth. 
 
3.0 FIELD RECONNAISSANCE  
 
Staff visited the study area in January of 2017 to gather a synoptic level understanding of channel 
trends and stability through the application of rapid assessments (check sheets). Bank and bed 
composition was also assessed in order to understand the susceptibility to erosion. Additionally, at 
the meander bends in closest proximity to the subject property, the valley conditions were noted 
specifically to confirm the initial desktop assessments. Bankfull widths and essentially slope was 
measured through the river. Approximately 600m of channel was observed, beginning at the Yonge 
Street bridge and moving downstream to the end of property limits.  

 
3.1. Rapid Assessments 

Rapid field assessments provide an indication of the channel stability and ecological stream 
condition, while also identifying primary processes in action (e.g. widening).  The Rapid 
Geomorphic Assessment (RGA) and the Rapid Stream Assessment Technique (RSAT) together 
provide a thorough description of the existing channel conditions. The RGA is a check-sheet that 
documents indicators of different modes of channel adjustment: widening, aggradation, 
degradation, and planform adjustment.  These observations are quantified to produce a value that 
indicates the state of channel stability: “In Regime/Stable” (<0.20), “Transitional/Stressed” (0.21-
0.40), or “In Adjustment/Unstable” (>0.40).   
 
RSAT employs a semi-quantitative approach to characterize stream conditions whereby the user 
assigns a score to 6 different evaluation criteria (MOE, 2003).  Abiotic and biotic indicators which 
influence overall stream quality have been streamlined and weighted appropriately within each of 
the evaluation criteria.  The six criteria are: 
 

1. Channel stability; 
2. Channel scouring and sediment deposition; 
3. Physical in-stream habitat; 
4. Water quality; 
5. Riparian habitat conditions; and  
6. Biological conditions 

 
The score are then added to communicate the final index of the stream condition.  These values 
can describe the stream quality as “Excellent” (42-50), “Good” (30-41), “Fair” (16-29), or “Poor” 
(<16). 
 
Results for the RGA show that channel is currently “In Adjustment” with a score of 0.41. The primary 
mode of adjustment was evidence of widening, planimetric form adjustment with some indicators 
of aggradation. Not all indicators could be accurately assessed since the field conditions were not 
favourable. At the time of field reconnaissance, the banks were covered in snow and the river was 
flowing at bankfull conditions. The RSAT revealed that stream condition throughout is “good” with 
a score of 30. The results of these rapid assessments can provide some context for the purpose of 
developing channel rehabilitation or stability designs throughout the study area, and specific areas 
at risk due to channel adjustment have been identified. Appendix A shows the field assessments 
sheets. 
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3.2. Field Observations 
The channel was noted to be quite open and accessible to the floodplain at least one bank for the 
majority of the study reaches (see Photograph 1). The higher bank that is inaccessible to the 
floodplain is usually located on the outside meander bends (See Photograph 2). The channel 
appears to be fairly dynamic based on evidences of island formation and undercut banks. Due to 
the low bankfull gradient (about 0.08%), and bankfull flow conditions, diversity in velocities was not 
observed. However, a fairly consistent riffle to pool ratio was noted.  
 

 
Photograph 1: Typical channel 

 

 
Photograph 2: A meander bend in the study reach 

 
An examination of the channel substrate shows that the channel has cut through the modern alluvial 
deposits and into the finer substrate (silts and clays) of glaciolacustrine in origin (See Photograph 
3).  
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Photograph 3: Channel substrates as noted from the bank 

 
The field reconnaissance also confirmed some features noted in the aerial photos, such as the 
island in Figure 8 shown in Photograph 4. This confirmation allowed for a better delineation of 
streambanks and hence the beltwidth.  
 

 
Photograph 4: Island in the river 

 
Medial channel bars were also noted (Photograph 5). This is a sign of an aggrading channel within 
the study reach. Within areas without, islands and medial bars, the average bankfull width was 
determined to be 7.9 m.  
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Photograph 5: Medial bar in the river 

 
4.0 FINAL DESKTOP ASSESSMENT 
 
For the purposes of this study, it was assumed that no change in hydrologic regime is anticipated. 
The procedure to determine the final erosion hazard limit used in this study is as per Technical 
Guide – River and Stream Systems: Erosion Hazard Limit (OMNR, 2002), Belt Widths 
Delineation Procedure (TRCA, 2015) and the NVCA Natural Hazards Technical Guide (NVCA, 
2013), and assumes that the meander migration and evolution processes that occur within the 
study reaches will continue to occur into the future. The procedure also assumes that the meander 
belt encompasses the area in which all future meandering and channel migration is expected to 
occur.  
 

4.1. Meander Beltwidth Allowance 
The meander beltwidth defines the lateral extend that a channel may occupy. It serves to provide 
an active channel zone beyond which development and infrastructure may be free from associated 
erosion and depositional risk. The NVCA (2013) guide requires that the meander beltwidth 
determination be undertaken in one of the following ways: 

 An allowance based on the bankfull width applied on the axis of the watercourse as per 
the MNR Technical Guide (20 times bankfull width); or 

 As per the methodology outlined in the Beltwidths Delineation Procedure (TRCA 2015)  
 
The former method for an unconfined system results in a beltwidth of 157.8m which vastly 
overestimates the meandering and migration tendencies of the river. Therefore, the later method 
was used. Following the field confirmation of the location of the river banks, the meander belt was 
delineated. The limits of the meander belt are parallel lines and tangential to the outside meander 
bends. The belt is drawn such that it is centered around the meander belt axis. Map 4 shows the 
delineated preliminary beltwidth. The preliminary beltwidth at Reach 1 was determine to be 36.8m 
and that at Reach 2 to be 76m.  
 
The final beltwidth allowance adds additional factors of safety to the preliminary beltwidth to make 
provisions for any variation not accounted for in the initial delineation. The factor of safety used 
depends on the size of the preliminary beltwidth. For beltwidths less than 50 m, Reach 1 in this 
study, the factor of safety includes the 100-year erosion/migration rate and the meander axis shift 
for a 100-year migration. For preliminary beltwidths greater than 50 m, Reach 2 in this study, the 
factor of safety (FS) includes 10% of the preliminary beltwidth and the meander axis shift for a 100 
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year migration. In this study, no change in meander axis was noted. Furthermore, it must be noted 
that 100-year erosion assessment could not be performed as the 1989 aerial photo’s 
orthorectification could not be relied on as noted previously. Therefore, the approach for preliminary 
beltwidths of larger than 50 m was applied for both reaches. Therefore, with the addition of the 10% 
factor of safety, the meander beltwidth allowance or the final meander beltwidth (MBW) for Reach 
1 and 2 are 83.6 and 40.5, respectively as shown in Map 5.  
 

4.2. Erosion Hazard Limit Delineation 
The Technical Guide (OMNR, 2002) specifies that for an unconfined system, the erosion hazard 
limit is the sum of the meander belt allowance (or the flooding hazard limit) and the erosion access 
allowance for both banks (Figure 9). Though the Technical Guide provides the option of using the 
flooding hazard limit instead of the meander belt allowance, in practice the more conservative 
approach of the two is required by the review agencies. Specifically, in this case, the NVCA requires 
the determination of meander belt allowance for the determination of the erosion hazard limits in 
unconfined systems. 
 

 
Figure 9: Erosion Hazard Limit for Unconfined Systems (modified from OMNR, 2002) 

 
The erosion access allowance (EAA) is essential for providing emergency and construction 
(maintenance related) access to the site in the event of erosion or structure failure. This allowance 
also acts as an additional factor of safety. MNRF recommends a 6 m EAA. Therefore, the Erosion 
Hazard Limit (EHL) is calculated as the sum of the Final MBW and EAA as presented in Table 1 
and as delineated in Map 6. Also delineated in this map is the Regional Floodline as obtained from 
CC Tatham’s report (CC Tatham, 2013). 
 

Table 1: Erosion Hazard Limit Calculations 

Reach Prelim. MBW 10% FS Final MBW EHL 

Reach 1 76 7.6 83.6 89.6 

Reach 2 36.8 3.7 40.5 46.5 
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5.0 SUMMARY 
 
Based on our desktop and field assessment, we conclude the following: 
 

1. Wye River through the subject property is within an unconfined system with ready access 
to the floodplain for the majority of the reach. The channel does have high banks on some 
the outside meander bends but is not consistently present to be considered a part of a 
confined valley system; 

2. Field visits and desktop assessments show some evidences of local channel adjustment 
and widening with some aggradation over time. However, no change in meander axis was 
noted for the period of observation – 1989 and 2016; 

3. Two reaches were delineated and meander beltwidths were delineated as per commonly 
accepted guidelines and protocol; 

4. Finally, Erosion Hazards Limits were also determined (Table 1) for the two reaches and 
are shown in Map 6 (attached). 

 
Respectfully submitted, 
 
 
 
 
 
 
 
 
Ed Gazendam, M. Eng., P. Eng      Christina Bright, M.A.Sc.  
President, Sr. Geomorphologist      River Scientist 
Water’s Edge Environmental Solutions Team Ltd. 
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Rapid Geomorphic Assessment

Date:
Evaluator:
Stream:
Conditions:

Geomorphic Indicator Factor
No (2) Description (3) No (4) Yes (5) Value (6) 

1 Lobate bar 1
2 Coarse material in riffles embedded
3 Siltation in pools 1
4 Medial bars 1
5 Accretion on point bars 1
6 Poor longitudinal sorting of bed materials 1
7 Deposition in the overbank zone 1

Sum of Indices 3 3 0.50
1 Exposed bridge footing(s) n/a
2 Exposed sanitary/storm sewer/pipeline/etc. n/a
3 Elevated storm sewer outfall(s) n/a
4 Undermined gabion baskets/concrete aprons/etc. n/a
5 Scour pools d/s of culverts/storm sewer outlets n/a
6 Cut face on bar forms 1
7 Head cutting due to knick point migration 1
8 Terrace cut through older bar material 1
9 Suspended armour layer visible in bank 1

10 Channel worn into undisturbed overburden/bedrock 1
Sum of Indices 5 0 0.00

1 Fallen/leaning trees/fence posts/etc. 1
2 Occurrence of large organic debris 1
3 Exposed tree roots 1
4 Basal scour on inside meander bends 1
5 Basal scour on both sides of channel through riffle 1
6 Gabion baskets/concrete walls/etc. out flanked n/a
7 Length of basal scour >50% through subject reach 1
8 Exposed length of previously buried pipe/cable/etc. n/a
9 Fracture lines along top of bank 1

10 Exposed building foundation n/a
Sum of Indices 3 4 0.57

1 Formation of cut (s) 1
2 Single thread channel to multiple channel 1
3 Evolution of pool-riffle form to low bed relief form 1
4 Cutoff channel(s) 1
5 Formation of island(s) 1
6 Thalweg alignment out of phase meander form 1
7 Bar forms poorly formed/reworked/removed 1

Sum of Indices 3 4 0.57

Stability Index (SI) = ( AI + DI+ WI+ PI) /m 0.41
Condition:

26-Jan-17
CB
Wye River
Snow and 0°C

Evidence of 
Degradation 
(DI) 

General Comments:

Evidence of 
Aggradation 

In Adjustment

Present Form / Process 
(1) 

Evidence of 
Widening (WI)

Evidence of 
Planimetric 
Form 
Adjustment (PI) 

                                 Flow fairly high - at bankfull
                                 Not all bankfull features could be discerned well
                                 Channel substrates seem to be primarily silts and clays
                                 Planiformetric adjustment and aggradation largely encouraged by debris jam



Creek Name: Wye River RSAT Section #:

Assessor: CB Date: Jan 26, 2017

Coordinates:

Evaluation Category Relative Significance Criteria Score
Excellent Good Fair Poor

1 Channel Stability Bank Stability >80% 71-80 % 50-70 % < 50 %
Stream Bend Stability   Outer bank 
height/bank overhang

<0.60 m / <0.60m 0.60 to 0.90 m       /        
0.60 to 0.75 m

0.90 to 1.20 m      /             
0.75 to 0.90 m

>1.20 m / >0.90 m

Exposed roots and falls old and large / 0-1 some young / 2-3 young common / 4-5 young abundant / >6
Bottom 1/3 of Bank resistant plant/soil resistant plant/soil highly erodable plant/soil highly erodable plant/soil

Cross-Section V or U V or U Trapezoidal Trapezoidal  
Typical Score: 9 to 11 6 to 8 3 to 5 0 to 2 5.5

NOTES:

Riffle Embeddedness <25% sand & silt 25-50% 50-75% >75%
# of deep pools / substrate high # / <30% fines mod # / 30-60% fines low-mod # / 60-80% fines few #  / >80 % fines

Streak marks/sediment deposits absent marks / dep absent uncommon common common

large sand deposits/fresh rare / no fresh dep. uncommon and small 
localized dep

common and small 
localized dep.

common and heavy dep 
along major portion

Point bar/vege/sand few / well vege / none small/well vege/little mod-large& unstable/high 
am't of sand common

mod-large& unstable/high 
am't of sand at most 
bends

Typical Score: 7 to 8 5 to 6 3 to 4 0 to 2 6

NOTES:

Wetted Perimeter > 85% of bottom width 61-85% 40 - 60 % < 40 %
Diversity of structure, velocity and 
depth of flow

All forms present, diverse 
vel. and depth of flow 

Good mix of form, rel. 
diverse velocity  and depth

Few pools, riffles and runs 
dominant, vel & depth gen 
shallow/slow

dominated by 1 type 
(usually runs) and 1 
vel/depth (usually slow & 
shallow

Riffle substrate cobble, gravel, rubble, 
boulder mix with little sand 
& >50 % cobble

Good mix of gravel, 
cobble and rubble & 25-
49% cobble

predominantly small 
cobble, gravel and sand & 
5 - 24 % cobble

Predominantly gravel with 
high % sand & <5% 
cobble

Riffle depth >0.20 m 0.15 - 0.19 m 0.10 - 0.14 m < 0.10 m
Large Pool Depth > 0.60 m 0.45 - 0.59 m 0.30 - 0.44 m < 0.30 m
Channel Process No channel alteration of 

significant point bar 
formation or enlargement

Slight increase in point bar 
formation or slight amount 
of channel mod.

Mod. increase in point 
bars and / or channel 
mod.

extensive channel 
alteration or point bar 
formation /  enlargement

Riffle-Pool Ratio 0.9 - 1.1 to 1 0.7 - 0.89 to 1          or                   
1.11 - 1.3 to 1

0.5 - 0.69 to 1     or                 
1.31 - 1.5 to 1

< 0.49 to 1                 or             
> 1.51 to 1

Stream Temp. on a Summer Afternoon < 20 ○ C 20 to 24 ○ C 24 to 26 ○ C >27 ○ C  

Typical Score: 7 to 8 5 to 6 3 to 4 0 to 2 4.5

NOTES:

Substrate Fouling ( on rock underside) None: 0 -10% Light: 11-20% Mod: 21 - 50 % High >50%

Total Dissolved Solids (TDS) <50mg/L 50-100 mg/L 101-150 mg/L >150 mg/L
Clearness of Water >0.90 m visibility 0.45 - 0.89 m 0.15 - 0.44 m <0.15 m visible
Odour None Slight organic odour Slight - Moderate odour Moderate to strong odour

Typical Score: 7 to 8 5 to 6 3 to 4 0 to 2 5

NOTES:

Width of Riparian Buffer Wide > 200' with mature 
forests on both sides

Forested buffer >100' 
along major portion

Predom. Wooded but 
major localized gaps

Mostly non-wooded 
vegetation, narrow width.

Canopy coverage (Shading) >80% shading 60-79% shading 50-60 % shading <50 % shading
Typical Score: 6 to 7 4 to 5 2 to 3 0 to 1 4

NOTES:

Diversity of macro-invert community Diverse community 
present (mayflies, 
stoneflies, and cased 
caddisflies (few snails or 
leeches)

Mayflies and caddisflies 
(stoneflies absent)

Pollution-tolerant species; 
aquatic worms dominant

Poor diversity dominated 
by midgeflies, aquatic 
worms and snails.

Number of Individuals Mod to High # Mod to High # Low - Mod # Low #
Typical Score: 7 to 8 5 to 6 3 to 4 0 to 2 5

NOTES:

Rating 

Indicative of hydrologic/flow regime alteration and 
general condition of physical aquatic habitat.          
Provides insight into past, present and possible 
future changes in channel morphometry

Indicative of watershed perturbations / general level 
of human activity, point and non-point source loads, 
and aquatic habitat conditions.

Relates to level of uncontrolled stormwater runoff, 
sediment load and transport and degradation of 
instream habitat.

2 Channel Scour and Sediment 
Deposition

6 Biological Indicators Best overall indication of stream health and level of 
watershed perturbation

30.0

Good
TOTAL SCORE:

CONDITION:

                         RAPID STREAM ASSESSMENT TECHNIQUE (RSAT) Evaluation

5 Riparian Habitat Conditions Provides insight into change(s) in stream energetics, 
temperature regime, and both aquatic and terrestrial 
habitat conditions

3 Physical In-stream Habitat Relates to the ability of a stream to meet basic 
physical requirements necessary for the support of a 
well-balanced aquatic community (eg: depth of flow, 
water velocity, water temperature, substrate type 
and quality, etc).

4 Water Quality




