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WHITE-TAILED DEERWHITE-TAILED DEER
(ODOCOILEUS VIRGINIANUS)

he White-tailed Deer (Odocoileus virginianus) is Tthe only member of the deer family encountered in 
southern Ontario. It prefers open forest environments 
interspersed with meadows, woodland clearings or 
farmland. Although it is a common inhabitant of the 
Hespeler West Subwatersheds area, its presence is most 
often revealed by discovering the characteristic tracks 
made by the cloven hoofs: two crescent - shaped halves 
with a pronounced ridge running down the centre.

White-tailed deer forage most often in the dim light of 
sunrise and sunset but are active throughout the day or 
night. In winter, deer tend to seek out low-lying areas 
with dense cover, such as those found along the Speed 
River. Here in these traditional “yards” as many as 50 
individuals can gather.
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1.0 Introduction 

A study for the Hespeler West area comprised of the subwatersheds of East, Middle and West Creeks has been prepared under 
the direction of the City of Cambridge. It was prepared by an interdisciplinary team of consultants led by Planning & Engineering 
Initiatives Ltd. of Kitchener with extensive input from a Steering Committee.  

Development pressure in this area of the City of Cambridge required the preparation of a subwatershed plan in order to comply 
with provincial, regional and municipal planning documents and to ensure that any future urban development would proceed in 
an environmentally sustainable manner. A subwatershed plan is both a technical document and one that sets in place the 
framework necessary for effective management of water resources and the related environment. The subwatersheds of East, 
Middle and West Creeks are subwatersheds of the Speed River watershed that forms a part of the larger Grand River 
watershed that flows into Lake Erie. 

The plan has been prepared for the entire area being comprised of the three individual creeks and their corresponding 
subwatersheds including the mix of existing land uses from agriculture and residential development to commercial, industrial 
and open space. Two small areas that drain directly to the Speed River are also included in the study area. The Hespeler West 
Subwatersheds are shown on Figure A 1.1.1. 

The plan is a component of the integrated planning process because of the interrelationship of water resources, environmental 
conservation and urbanization within the subwatershed. This integration into the planning process in turn means that the 
subwatershed plan has become part of the overall decision-making process that directs land use in the broadest sense in the 
City of Cambridge. 

2.0 Background 

Watershed plans take a broad ecosystem approach, but are focused on water, water related natural features, terrestrial 
resources, fisheries, water dependencies and open space systems. Watershed plans are closely linked to land use planning at a 
Regional level. Land use activities in the broadest sense ultimately govern the health of the natural systems. 

A watershed plan is a fundamental background and supporting document to subsequent Community Plans, and ultimately the 
construction of stormwater management facilities and other water management structures that are subject to the Class 
Environmental Assessment (EA) process. Therefore, creation of the subwatershed plan was carried out in the spirit of the EA 
process and in particular, incorporated a similar process of public consultation. 

A strength of the process was the public involvement component that involved numerous public meetings and workshops, on-
site tours, elementary school sessions and presentations to the Cambridge Environment Advisory Committee, local and regional 
governments. The project was also detailed and updated on a web site available from the GRCA and PEIL web sites. 

3.0 Goal of the Subwatershed Plan 

The overall goal of the Hespeler West Subwatersheds Study is to protect, maintain and enhance the ecological processes and 
functions and significant natural features of the subwatersheds in a way that is environmentally sound and socially and 
economically sustainable. This requires a balancing of considerations of the natural environment with those of the human 
economy that often place considerable stress on the natural systems. 

The subwatershed plan through public consultation, agency comments and the study team investigations, defines issues and 
objectives for resource management and provides an appropriate set of management strategies to achieve these objectives. 
The policies, guidelines and regulations of both Federal, Provincial and local governments govern baseline or minimum 
requirements for the protection of watershed resources and these have been used as the starting point in defining goals and 
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objectives. These were refined according to the specific conditions and issues for Hespeler West subwatersheds. A summary of 
the various objectives and issues is shown in Table ES-1 and demonstrates that they have been addressed. 

4.0 Results of the Technical Studies 

The results of the Technical Studies are summarized in the following sections regarding hydrogeology, hydrology, floodplains, 
fluvial geomorphology, water quality, fish habitat, agriculture and terrestrial resources under the headings of existing conditions 
and future management considerations. 

Hydrogeology 

Existing Conditions 

The Hespeler West subwatersheds consist of a high percentage of sands and gravels, which are highly permeable.  Rainfall on 
these areas contribute to recharge of the overburden and bedrock aquifers and base flow of the East, Middle and West Creeks 
and related wetland areas. Groundwater therefore plays an important role in sustaining the health of the surfacewater 
environment within the Hespeler West study area as well as providing the drinking water supply.  

Future Management Considerations 

Hydrogeological issues are summarized as: 

 Geotechnically problematic soils occur in several areas such as the organic sediments consisting of muck, marl, and peat in 
low-lying areas.  These highly compressible soils are unsuitable to support roads, homes, or other structures. 

 High groundwater levels occur in low-lying areas and in much of the land to the west of Regional Road #24.  These 
conditions require drainage around homes and increase the potential for buried utilities to intercept and divert groundwater 
and thus alter the natural hydrogeological regime. 

 The Guelph Formation is a high quality aquifer and the study area has the potential to support additional privately serviced 
development should planning considerations favour this type of servicing.  The mantle of permeable sandy soils that occurs 
over the majority of the subwatersheds provides a favourable environment for individual or small communal sewage 
disposal systems (again assuming that planning considerations make this mode of servicing desirable). 

 Any increased runoff due to development will need to be infiltrated near to its point of generation in order to minimize the 
loss of groundwater recharge. 

 Development in the subwatershed might cause water quality changes related to the increased use of de-icing salts, vehicle 
exhaust residue, leaks, and spills; and the reduced use of nitrates and other fertilizers. 

 Grading and the construction of buried utilities have the potential to alter the groundwater levels and flow patterns within the 
subwatershed by intercepting or diverting existing groundwater flow and discharge patterns. 

 At-source infiltration should be maximized wherever feasible as this is the most desirable form of stormwater management 
from a hydrogeological perspective.  

 Recharge within the north and northeast portions of the study area may contribute baseflow to the adjacent Chilligo Creek 
and its Tributaries.  Chilligo Creek supports a valuable coldwater fishery and infiltration within the north and northeast 
portions of the study area should be managed with the assumption that the recharge contributes to Chilligo Creek.  

 Infiltration of salt-laden stormwaters should be avoided in areas where wetland vegetation communities are particularly 
sensitive to salt impacts. 

 Water quality should be maintained or improved although the temperature of groundwater discharge is less critical in areas 
bordering the three creeks than would be the case for development bordering coldwater streams. 

 All monitoring wells constructed as part of the hydrogeological study should be decommissioned by a licensed well 
contractor.  Region WRP staff should be consulted prior to the decommissioning in case any should be retained for long 
term monitoring. 
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Hydrology 

Existing Conditions 

The Hespeler West Subwatersheds area drains 990 hectares of land entirely within the City of Cambridge, where 94 hectares 
drains directly to the Speed River.  Each of the three creeks has different attributes regarding hydrology. West Creek (151 ha) 
has been altered the most by industrial development. It is the shortest creek of the three in length. East Creek is slightly longer 
and larger in drainage area (160 ha) and less impacted by adjacent development. Middle Creek is the longest creek and largest 
by area (585 ha).  Both Middle and East Creek retain the headwater wetlands that are critical components to the overall system. 
Various ponds exist throughout the subwatersheds (see Figure A 1.1.2 in the study) and specific sections of Middle Creek have 
been channelized.  Significant development has occurred in the lower and middle portions of the subwatersheds including large 
industrial development surrounding Maple Grove Road.  Runoff from some of these developments have been re-routed out of 
the subwatershed area, some discharge through storm sewer pipe to the creeks. 

Future Management Considerations 

The major considerations in establishing hydrologic management targets are related to ensuring that peak flows are not 
increased and to ensure that development does not cause flooding in downstream areas.  In addition, careful consideration 
should be given to the discharge of runoff from development to ensure that the fluvial and aquatic characteristics of the creeks 
are not further impacted. Considerations include maintaining the hydrograph, maintaining infiltration rates to groundwater 
recharge both within the subwatersheds and potentially within adjacent Chilligo Creek Subwatershed, and maintaining the flow 
attenuation function of the wetlands.   

Floodplain 

Existing Conditions 

Floodplain hydraulics were assessed and elevations were calculated for each of the three creeks from the headwater areas to 
the Speed River floodplain. Constrictions in the watercourse channels primarily due to culverts and road crossings were 
assessed and considered. Floodplain mapping for East, Middle and West Creeks was prepared as part of this study. 

Future Management Considerations 

The major considerations are to maintain floodlines through stormwater management strategies to ensure that post-
development peak flows do not exceed pre-development levels, accept the Regional Storm flood as the Regulatory floodline, 
and update floodline models if channel alterations occur. 

Fluvial Geomorphology 

Existing Conditions  

In order to properly assess the stream courses, it is essential that each creek be dealt with individually, rather than collectively. 
This arises from the fact that stresses operating on either East, Middle or West Creeks may not be operating on the others, and 
also from the fact that resilience to stresses will be different for each different watercourse. Clearly, Middle Creek is undergoing 
the majority of stresses at present with extensive development in the upper areas of the watershed. East and West Creeks, 
being smaller and less developed, are in a different phase of stability and should not be considered with Middle Creek.  

Future Management Considerations 

The data presented above indicates that the Hespeler West subwatersheds, (East, Middle and West Creeks) are in a state of 
flux with respect to fluvial functioning and are in no means stable and resilient to long-term changes in land use activities. 
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 East Creek displays classic symptoms of being a flashy system, with areas of high to moderate instability downstream of 
Maple Grove Road. A lack of riparian buffer in the lower reaches coupled with the impacts of transportation infrastructure 
leave a creek with little fluvial stability. Upstream, the creek appears to be relatively stable and should be protected from 
future development in the basin. 

 Middle Creek is in a high state of flux. Middle Creek is in poor shape with some exceptions. Unless mitigation measures are 
undertaken to rehabilitate the creek, it will continue to degrade to the point where the existing stable, properly functioning 
reaches will be virtually useless. It may de difficult to rehabilitate the entire creek, but measures must be taken to prevent 
further damage. 

 West Creek will continue to adjust to having its contributing area decreased significantly. The reaches below the Toyota 
plant will continue to decrease capacity over time, effectively maintaining a period of high instability for many years to come.  

Overall, these creeks are on the edge. The degree of existing alteration coupled with the increased development in the area is at 
risk of putting these three creeks into a rapid state of decline if no management strategies are put in place in the near future. 
Once these creeks start to degrade further they will be at the point of no return, and they would require significant capital outlay 
to return to even the existing condition found at this time. It is recommended that these creeks receive immediate attention if 
they are at all going to retain, and possible regain, some of their natural form and functions.  

Surfacewater Quality 

Existing Conditions 

Based on stream temperature results, cool water stream conditions occur in the West Hespeler Subwatersheds system. 
However these creeks are described as generally intermittent flow with short sections of perennial flow in the mid to lower 
reaches. The primary problem regarding the water quality concerns is the lack of information. Monitoring from the results of this 
study was the only source of data and conclusions are therefore, difficult to make.  

Future Management Considerations 

Using the information compiled in this study, preliminary objectives for water quality are based on the Ministry of Natural 
Resources’ criteria for both cool and warmwater streams in Southern Ontario. Objectives for water quality parameters such as 
water temperature, dissolved oxygen, phosphorus, sediment and bacteria are provided for specific watercourse locations. 
Additionally, the Stormwater Management Practices Planning and Design Manual will be implemented for any proposed new 
development to address water quality concerns and attempt to maintain or improve existing conditions. 

Fish Habitat and Community 

Existing Conditions 

All three creeks begin as low gradient watercourses in their headwaters, which have fine-textured substrates, have been ditched 
(the uppermost reaches of West Creek have been eliminated) and quite likely experience only intermittent flow.  Each creek also 
has a steeper middle section that probably reflects underlying bedrock topography.  East and West Creek have only short low- 
to moderate-gradient reaches between their steeper section and the Speed River, but Middle Creek flows a considerable 
distance downstream of the topographic break before entering the Speed.  This section of Middle Creek, however, goes dry as 
the water from the stream apparently is recharged. 

Creek chub, brook stickleback and common shiner species have been found to inhabit the systems primarily in their lower 
sections. 

Future Management Considerations 

There are three key habitat factors that effect fish productive capacity in the subwatersheds, specifically base flow, migration 
barriers and the existing on-line ponds.  Preservation of the upper watershed wetlands and implementation of stormwater 
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management practices will ensure base flow is maintained or improved. Improvements to creek channels will maintain and 
potentially improve fish habitat. 

Agricultural and Rural Resources 

Existing Conditions 

Most of the agricultural land within the subwatershed has been rated for soil capability between Classes 1 and 3 with some 
classified in capability classes 4, 5 and 6.  Only half of the land within the study area is in agricultural production with common 
field crops such as corn, wheat and soybeans predominating.  Two other land uses are significant within the subwatersheds and 
they are the Guelph Agricultural Research Station (East Creek subwatershed) and sod farms (Middle and West Creek 
subwatersheds). 

Future Management Considerations 

The management of the subwatershed will be influenced by the relative weight given to agriculture within the planning process 
in the short run as well as in the long-term.  Agricultural uses are predominant in the north portion of the subwatersheds and 
have the potential to significantly affect water quality and quantity.  Two categories of considerations exist related to: 
preservation of agricultural land with emphasis on specialty crop areas and lands with higher common field crop capability; and 
recommendations related to best management practices.  

Terrestrial Resources 

Existing Conditions 

The Hespeler West Subwatersheds Study has documented core habitat areas and corridors that provide habitat for plant and 
wildlife species, including species considered rare on a local, regional, provincial and national basis. Creek corridors have been 
retained to some degree with encroachment of development from adjacent residential and commercial and industrial uses.  The 
upper subwatershed contains upland forest as well as wetlands, with no presently designated Environmentally Sensitive Policy 
Area by the Region. The Speed River Wetland is considered Provincially Significant along the Speed River corridor near the 
lower portion of the study area. The Subwatersheds Study determined that the Maple Grove Wetland Complex, formerly shown 
as locally significant is Provincially Significant based on current inventory information. That evaluation has been confirmed by 
the Ministry of Natural Resources.  The “newly” evaluated West Creek Wetland Complex was determined to be locally 
significant. 

Forest cover within the subwatersheds is approximately 18% while wetlands cover 18% of the landscape. Nine habitat blocks 
were identified that provide potential “forest interior“ habitat. Development covers approximately 22.5% of the study area. 
Twenty four regionally significant plant species and one provincially significant plant species are associated with the upland 
forest and wetland habitats in the subwatersheds. Significant wildlife issues include the presence of numerous bird, several 
mammal, and one amphibian species that are considered rare in the Region. The subwatersheds support significant numbers of 
White-tailed Deer, which are known to overwinter along the Speed River. Habitats supporting significant wildlife include upland 
forest, wetlands, and successional meadows. Nine habitat blocks were identified that provide potential ‘forest interior’ habitat for 
breeding migratory birds; “area-sensitive”  forest species were detected in all of these areas. 

The three creek corridors provide relatively continuous natural habitat connection between the regionally significant Speed River 
corridor, and the upper subwatershed wetlands as well as adjoining subwatersheds. Middle Creek may provide a regional 
corridor function between the Grand River corridor (to the north) and the Speed River corridor (to the south). Although locally 
constrained by existing residential, agricultural and highway land uses, the variety of upland forest, wetland and successional 
communities present sustain quality species, and active wildlife movements. The quality, attributes and functions of these 
habitats are supported in part by the linked cover of the wetland and upland habitats, their relationship to local groundwater and 
surfacewater regimes, but also by the agricultural matrix which greatly facilitates species movements. 
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Future Management Considerations 

The wetlands within the Maple Grove Wetland Complex are Provincially Significant and those of the newly evaluated West 
Creek Wetland Complex require protection from development based on Provincial, Regional and City policies. The 
recommended Greenspace Management Strategy will retain and protect the wetlands and corridor functions within a Natural 
Heritage System enhanced to offset the impacts of future urbanization. The Subwatershed Study provides a Comprehensive 
Environmental Impact Study that defines limits to future development, refines the feature boundaries, and the recommends the 
treatment of adjacent lands. Enhancement and buffer areas are identified to ensure the protection of these areas and their 
functions. Stewardship Areas including existing developed lands are also highlighted.  

Specific issues to be considered include the impacts of urban encroachment and proximity on habitats and species, the 
maintenance of significant corridor functions between the Speed River corridor and the upper subwatersheds, maintenance of 
the hydrogeologic regime, and the potential impacts of urban stormwater runoff on wetland integrity. 

5.0 Conclusion of the Technical Studies 

The results of each of the technical studies were assessed in comparison to the goals and objectives of the subwatershed plan. 
A series of options were evaluated to determine the best management strategy and course of action. Watershed management 
strategies were then produced that incorporate the optimal approach to achieving the goals and objectives of the subwatershed 
plan.  

Based on the results of the technical analyses, the Hespeler West Subwatersheds will be capable of accommodating future 
urban growth by maintaining or enhancing the current subwatershed conditions through consideration and implementation of the 
following watershed management strategies. 

6.0 Watershed Management Strategies 

The Watershed Management Strategy is described under the topics of: 

 Greenspace Management Strategy (Figure C 3.3.1 and Map 3) includes management needs related to terrestrial resource 
protection and land use management. 

 Aquatic Rehabilitation Strategy (Figure C 3.1.3) describes the rehabilitation and enhancement recommendations for aquatic 
features and riparian corridors. 

 Conceptual Trail Strategy (Figure C 3.4.1) outlines the concept requirements for future trail corridors. 
 Water Management Strategy – includes quantity and quality control for surface and groundwater as well as servicing 

requirements. 
 Adaptive Management / Monitoring Strategy. 

6.1 Greenspace Management Strategy 

It is recommended that the Greenspace Management Strategy (outlined in Section C 3.3) be adopted and implemented.  The 
plan will aid in the protection, enhancement, and use of ecological features and functions for the subwatershed.  The plan will be 
implemented through the Community Plan process and subsequent Official Plan, Zoning By-law, Draft Plan of Subdivision, 
Scoped and Full Site EIS Studies and other studies related to detailed design and development.  

Provincial, Regional and Local Policy Areas  

It is recommended that the boundaries of the natural heritage and natural hazard features that are addressed in land use policy 
(Provincial, Regional and Local Policy) be refined or added to existing Regional and City Official Plan and Zoning By-laws to 
reflect the boundaries of the features. These areas include the Regulatory Floodline (not previously mapped), Provincially 
Significant Wetlands, Locally Significant Wetlands and any candidate Environmentally Sensitive Policy Areas.  
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Environmental Constraints Areas 

The environmental basis or rationale for the existing natural heritage policies described above is reflected by the Environmental 
Constraints (Figure B 8.3.3) and shown as either a High or Medium Constraint. These constraints are an amalgamation of the 
environmental constraints related to steep slopes, vegetation communities and wildlife inventories completed as part of this 
study. This hierarchy of constraint is related to the characteristics of the area: High Constraint being those areas that form Core 
features of the Greenspace Management Strategy (flood lines, wetlands) and Medium Constraint being terrestrial features often 
found adjacent to identified high constraint areas and are imperfectly drained areas, moderate slopes, or areas of natural 
vegetation that provide linkage functions (such as hedgerows). Although not as sensitive to development impacts as high 
constraint lands, these features and the functions they provide help to reinforce and enhance the functions of the more sensitive 
features.  

Where possible, Medium Constraint areas will be integrated as part of the Greenspace Management Strategy, as natural 
features, or will be subject to supporting Complementary Land Uses (as outlined in Section C 3.3.2), or as Enhancement Areas.  
Complementary uses such as school playgrounds, stormwater management facilities and other open spaces should be 
considered in these areas. A list of complementary uses should be prepared as part of the Community Plan and updated as 
additional information on this alternative management technique becomes available.  The Zoning By-Law should be amended to 
recognize the land use restrictions on these lands to direct land use planning in these areas of the subwatershed. 

In the case of hedgerows rated as Medium Constraint, integration may be difficult due to grading or other considerations unless 
the particular features are taken into account in the layout of land uses. Compensation for hedgerow loss or fragmentation 
should take the form of replacement plantings in strategic areas in order to maintain and enhance existing functions. 

These constraints are an amalgamation of the environmental constraints related to vegetation communities and wildlife 
inventories completed as part of this study. Watercourse systems and related fish habitat constraints are contained within, or 
absorbed by the terrestrial constraint areas. Steep slope constraints are also contained within these designations. Groundwater 
constraints do exist within these features and buffers however, outside these areas it is not considered a limiting factor to 
development provided that the Stormwater Management Strategy recommendations are implemented. 

Development applications subject to approval under the Planning Act must be located outside these constraint areas. A line 
identifying the development limit is therefore shown as the outside extent of these constraints. The area within these constraints 
and the appropriate buffer surrounding them is typically shown as Open Space or Parkland in land use planning documents. 

Enhancement and Stewardship Areas 

The Greenspace Management Strategy also includes enhanced corridor areas which increase the overall width of the 
Greenspace Management corridor to a total width of between 250 to 300 m along Middle Creek and a minimum of 50 m along 
East and West Creeks. Subject to confirmation during the Community Plan process, the enhancement areas may be included in 
future Open Space, or in Parkland designations. These areas may presently include agricultural fields and cultural landscape 
features such as hedgerows. Agricultural fields currently provide for extensive movement of mammals, amphibians and reptilian 
species, which will not occur under urban conditions.  Confirmation of these specific areas as naturalized buffers and / or subject 
to complementary land uses described above, is recommended by the Greenspace Management Strategy through the 
Community Plan process.  

Stewardship Areas in the vicinity of existing residential developments and close to core features and watercourses identify high 
priority areas where focused landowner contact and stewardship programs would be beneficial. These programs are voluntary. 
The intent is to promote education on sustainable practices including rehabilitation of degraded areas, naturalization close to 
sensitive features, planting of native species and ecosystem monitoring. 

Buffer Requirements 

Buffers are intended to protect habitats and key functions including: sensitive vegetative species and habitat, wildlife species 
and habitat for nesting or foraging, shallow groundwater movement, surfacewater quality, and local topography.  Sections C 3.3 
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discussed buffer requirements in the subwatershed, and recommended a preferred option which includes a 15 metre stream 
buffer in conjunction with enhancement of habitat in key areas of the subwatershed, as follows:  

 30 metre buffer from natural features. 
 50 metre enhanced corridor (total width) surrounding East and West Creeks. 
 Buffers could potentially be reduced (minimum 15 metre recommended) adjacent to upland habitat provided that it can be 

justified through a Scoped EIS. 
 A 200 -300 metre wide enhanced corridor (total width) surrounding Middle Creek, containing natural features, buffers, the 

watercourse channel and ponds, and enhancement areas which would substantially maintain existing wildlife movements, 
reconnect fragmented sections, and eventually reinforce core habitats to offset the encroachment effects of urban proximity. 

It is recommended that these buffers and enhancement areas be implemented to ensure that the key natural areas of the 
subwatersheds are maintained and enhanced.  Grading within buffers will not be allowed except for what may be required by 
permitted stormwater management facilities, a Community Trail or for Complementary Land Uses approved under the 
Community Plan. Buffers should be designated as open space and be publicly owned in order to preserve their integrity and 
function. The ultimate ownership and zoning of buffers and enhancement areas should be determined at the Community Plan 
level. 

Environmental Impact Studies (EISs) 

This subwatershed study has been conducted to the level of a Comprehensive Environmental Impact Study which defines limits 
of future development and recommends management strategies. Scoped or Full Site Environmental Impact Studies should be 
carried out wherever encroachment or interference with functions are proposed that run counter to the recommendations of the 
Subwatersheds Study. EIS studies will be completed by the development proponent, to the satisfaction of the City of Cambridge 
and those public agencies having jurisdiction. EIS requirements are outlined in Section D 2.5 of the document. In general, the 
more extensive the encroachment/interference, the more detailed the required studies to identify and address impacts. 

Relationship with the Adjacent Subwatersheds. 

The subwatershed lies adjacent to other lands that share natural heritage features and functions. Areas such as the Speed 
River corridor to the south and the upland connections to the adjacent subwatersheds (eg. Chilligo Creek,) should be recognized 
and enhanced where possible. For example, Enhancement Areas identified in Section C 3.3.2 specifically deal with that area to 
the northeast through corridor enhancement techniques and stewardship opportunities.  

6.2 Aquatic Rehabilitation Strategy 

It is recommended that remediation of riparian corridors associated with East, Middle, West Creeks and associated ponds be 
carried out prior to, or as development proceeds.  The remediation strategy includes some channel rehabilitation and buffer 
plantings as outlined in Section C 3.1.  Any future plans to upgrade roads / culvert crossing and culverts by the appropriate 
agencies should consider the viability of enlarging the culvert size. This would improve the corridor function and improve the 
potential for the movement of wildlife through the culvert. 

6.3 Conceptual Trail Strategy 

It is necessary that a well-defined Community Trail system be established by implementation of a comprehensive Trail Strategy 
through the Community Plan process.  The conceptual trail framework developed as part of this study focuses on the 
environmental implications ONLY and does not address issues such as trail safety, trail standards and liability. The trail system 
will encourage recreational use of least environmentally sensitive or most resilient natural areas. It will also provide a degree of 
pedestrian and wildlife safety in a natural setting and provide opportunities for the appreciation of nature. It will provide 
connections to existing and future communities and to serve as links in the trail network spanning Cambridge. 

The specific components are described in Section C 3.4 with conclusions listed in Section C 3.4.8 to be considered and 
implemented.   
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6.4 Stormwater Management Strategy 

The intent of the Stormwater Management strategy is to maintain existing peak flows, maintain the existing infiltration rates, and 
to reduce the post-development volume of runoff in order to protect local and downstream features.  Where a single stormwater 
management facility serves more than one landowner, an appropriate cost sharing agreement should be implemented through 
the appropriate means (i.e., Draft Plan conditions, Community Plan, agreement, etc.).  General stormwater management criteria 
include the following: 

 Maintain or enhance infiltration using at-source controls for rooftop runoff and pre-treatment facilities and infiltration 
trenches for road runoff. 

 Protect water quality by implementing a range of Stormwater Management Practices. 
 Provide stormwater quantity control. 
 Provide erosion control measures for slopes and stream channels. 
 Avoid or minimize water quality and quantity impacts to the Provincially Significant Wetlands (Maple Creek Wetland 

Complex and Speed River Wetland Complex) and Locally Significant Wetland (West Creek Wetland Complex). 

6.5 Adaptive Management / Monitoring Strategy 

This strategy recommends that public agencies and public stewardship programs undertake the Systems and Post-
Development Monitoring and that the During Construction Program be undertaken by the developer.  The During Development 
Program includes three phases: 1) pre-development; 2) during construction; and 3) guarantee period.  The proponent is 
responsible for monitoring surfacewater, groundwater, and terrestrial features that could potentially be impacted by construction. 

7.0 Management Strategy Implementation 

Amendments to Existing Planning Documents 

A number of amendments are recommended as a direct result of this subwatershed plan. They pertain to the identification of a) 
the regulatory flood line associated with East, Middle and West Creeks, b) the Maple Grove Wetland Complex as a Provincially 
Significant Wetland; c) the locally significant West Creek Wetland Complex and d) changes to the current boundaries of Locally 
Significant Natural Areas and recommended buffers (when confirmed by Community Planning process). These changes need to 
be reflected in both the Regional Official Plan Policies and the City of Cambridge Official Plan.  

Community Plan 

There are a number of components of the above strategies including the Greenspace Management Strategy, Scoped and Full 
Site EIS requirements, Recreational Trail Components, and Stormwater Management Plan that will be implemented at the time 
of Community Plan creation. These recommendations will be implemented through the policies of the completed Community 
Plan, existing Zoning By-laws, Draft Plans of Subdivision, Severances, Site Plans, and all other development applications 
subject to approval under the Planning Act. 

Best Management Practices (Stewardship / Education Programs) 

It is recommended that best management practices (including a public education program and stewardship program) be 
implemented by the City of Cambridge, Regional Municipality of Waterloo, other public agencies and the development 
proponents at the time of development.  

This would include: 

 Agricultural lands and the protection and management of surface water quality and quantity. 
 Residential lands and the protection of riparian corridors related to lawn management, domestic pets, and related issues. 
 Industrial lands ensuring programs such as ISO 14001 are being implemented. 
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Similar information could be used to provide information for local schools, neighbourhood associations and groups, real estate, 
and development industries and other relevant groups.  The developer would use this information and distribute it to builders, 
real estate firms and potential homebuyers (e.g., included in the offer to purchase and other correspondence).  Educational 
signs would be provided as part of the construction work for the development.   

8.0 Summary 

Based on the results of the technical analyses and management strategies, the Hespeler West subwatersheds will be capable of 
accommodating future urban growth by maintaining or enhancing the current subwatershed conditions through consideration 
and implementation of the Subwatersheds Management Strategy. This strategy is composed of the Greenspace Management 
Strategy, Aquatic Rehabilitation Strategy, Community Trail Strategy, Water Management Strategy, Adaptive Management / 
Monitoring Strategy and Interim Land Use Management Strategy. 

Table ES - 1 outlines the issues identified in the outset of the study and discussed in previous sections of the Subwatershed 
Plan.  It also provides the tools that implement the watershed management strategies by identifying key recommendations to 
address these issues.  Table ES – 2 outlines the study recommendations, responsibilities and timing for the implementing 
organizations and groups.  A Quick Summary of Development Targets / EIS Requirements forms the final page of this Executive 
Summary. 
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Table ES – 1  Subwatershed Objectives, Issues and Actions 

 Objectives Issues Tools / Requirements Key Recommendations 

 

 
1. AQUATIC 
1.1  To identify, protect, maintain and 
enhance aquatic resources. 
1.2  To prepare a strategy for the 
aquatic component of the Hespeler 
West creeks. 
1.3  To determine the impact of 
bridges, dams and ponds on fish 
habitat. 
1.4  To determine the status, potential, 
and management objectives for 
Hespeler West Creeks in accordance 
with the Grand River Fish Habitat 
Management Plan. 

 
 
A, B, C, E, F, G, I 

 
 
Delineate and protect green space 
system functions and features.   
 
Rehabilitate East, Middle and 
West Creeks and associated 
ponds. 
 
Maintain/improve riparian 
conditions along selected stream 
reaches. 

 
 
Adoption and implementation of 
the Aquatic Rehabilitation 
Strategy. 

 

 
2.TERRESTRIAL 
2.1 To identify, protect, maintain and 
enhance terrestrial resources. 
2.2 Identify, protect and manage 
Environmental Preservation Areas, 
Environmentally Sensitive Policy 
Areas and Regionally Significant 
Natural Corridors. 
2.3 To confirm the wetland boundaries 
and the status of the wetland complex. 
2.4 To prepare a strategy for the 
terrestrial component of each creek 
system. 
2.5 To assess and provide 
recommendations for future 
management of the agricultural lands 
within the subwatershed. 
2.6 To determine a preferred Natural 
Habitat Network and the elements of a 
Natural Habitat Network/ Greenspace 
Management Plan as per the Regional 
Official Plan Policies. 
2.7 To determine appropriate woodlot 
and vegetation management 
strategies. 

 
 
A, E, F, H, I, J 
 
A, B, C, F, H, I 

 
 
Delineate and protect green space 
system functions and features. 
Delineate and protect 
environmentally significant areas. 
Direct scoped EIS reports to guide 
adjacent development. 

 
 
Adoption and implementation of 
the Greenspace Management 
Strategy.  

 

3. NATURAL HAZARDS 
3.1 To minimize the risk to life and 
property due to flooding and erosion. 

 
A, B, E 

 
Implement appropriate BMP’s that 
maintain / reduce runoff peaks and 
volumes. 
Delineate regulatory flood lines. 
Require levels of development and 
runoff peak and volume control 
that maintain existing flood lines. 
Manage floodplain as integrated 
whole within greenspace system. 

 
Adoption and implementation of 
the Natural Heritage Strategy 
and the Stormwater 
Management Strategy. 
 



 

 
Page 12 

September 2004 

Table ES – 1  Subwatershed Objectives, Issues and Actions 

 Objectives Issues Tools / Requirements Key Recommendations 

 

 
4. SURFACEWATER RESOURCES 
4.1 To preserve natural hydrological 
systems. 
4.2 To protect and manage 
surfacewater quality and quantity in 
order to ensure the future ability of 
Regional water-taking requirements 
and maintain the assimilative capacity 
of downstream wastewater treatment 
plants. 

 
 
 
A, B, E, F, G 
 
 
D 

 
 
 
Delineate and protect greenspace 
system functions and features, 
Rehabilitate Hespeler West creeks 
and associated ponds, 
Maintain /improve riparian 
conditions along selected stream 
reaches, 
Delineate and protect 
environmentally significant areas. 

 
 
 
Adoption and implementation of 
the Natural Heritage Strategy 
and the Stormwater 
Management Strategy 
 

 

 
5.GROUNDWATER RESOURCES 
5.1 To preserve natural hydrogeologic 
systems 
5.2 To protect and manage the 
quantity and quality of groundwater 
resources 
5.3 To determine implications on water 
quality and quantity from infiltrated 
stormwater runoff from development 

 
 
D, F, H, J 

 
 
Implement appropriate water 
quality control BMPs and promote 
infiltration and/or sedimentation 
control and maintain / reduce 
runoff peaks and volumes, 
Limit impervious cover, 
Promote water conservation, 
Protect greenspace system 
functions and features. 

 
 
Adoption and implementation of 
the Natural Heritage Strategy 
and the Water Management 
Strategy.   
 
 
 

 

 
6.0 THE RURAL and URBAN 
ENVIRONMENT 
6.1 To develop an ecosystem-based 
approach to land use planning and 
resource management in the 
subwatershed. 
6.2 To produce an implementation and 
monitoring plan to guide future 
development in the subwatershed. 

 
 
 
ALL 
 
 
 
 
 
ALL 
 

 
 
 
Identify process related to 
implementing management options 
through land use planning and 
stewardship approaches, 
*Identify monitoring requirements  
related to the management options. 

 
 
 
Adoption and implementation of 
the Subwatershed Management 
Strategy composed of the 
following components: 
The Greenspace Management  
Strategy; 
The Aquatic Rehabilitation 
Strategy; 

 

6.3 To determine and address the 
implications on development 
opportunities on the provision of 
infrastructure. 

D, E  
 

The Water Management Strategy,
Community Trail Strategy; and 
The Adaptive Management - 
Monitoring Strategy. 
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Table ES – 1  Subwatershed Objectives, Issues and Actions 

 Objectives Issues Tools / Requirements Key Recommendations 

 

6.4 To determine the current state of 
repair of bridges, dams and ponds and 
to develop long-term remediation 
recommendations which would 
address public safety, maintenance 
and operation, public use and 
aesthetics. 
6.5 To determine ownership and 
management strategies of the 
Greenspace Management Strategy. 
6.6 To determine the appropriate 
buffers from development. 
6.7 To determine the location and 
status of any existing agricultural or 
municipal drains. 
6.9 To determine a potential trail 
system with potential linkages (within 
and beyond the subwatershed) and 
interconnection of natural areas. 

  
 
 
 
 
 
 
 
 
 
 
Delineate and protect greenspace 
system functions and features. 
Delineate and protect environmentally 
significant areas. 
 

 

Issues List for Table  
A. Hespeler West Subwatersheds Greenspace Management Strategy– status and future plans – ownership, management; 
B. Bridges, Dam and Ponds – impact on fisheries, current state of repair, recommendations;-Fisheries – status, potential, management 

objectives (per Grand River Fisheries Management Plan); 
C. Wellhead protection area – implications for stormwater infiltration; 
D. Maple Grove Wetland and West Creek Wetland Complex – confirmation of wetland boundaries, buffers from development; 
E. Location and status of municipal drains; 
F. ROPP Elements of the Natural Habitat Network); 
G. Woodlot protection and vegetation management; 
H. Potential trail linkages (within the subwatershed and beyond) and interconnection of natural areas; 
I. Agricultural land classification and consideration 
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Table ES – 2  Study Recommendations, Responsibilities and Timing 

 Management 
Recommendation 

Purpose 
(why) 

Responsibility 
(who) 

Timing 
(when) 

Other Considerations 
(how) 

 

Greenspace 
Management Strategy 

To preserve and protect 
the core and linkage 
components of the 
Hespeler West 
Subwatersheds natural 
heritage system. 

City, GRCA, 
Landowners and 
Community. 

Develop and adopt 
policies through 
Community Plan 
process: Implement at 
Community Plan and 
draft plan stage to 
complement existing 
regulatory framework. 
 

Designate 
greenspace in OP and 
land use zoning by-
law; 
Public education. 

 

• Protect flood line, fill 
line (steep slopes). 

• Protect PSW. 

Protect life & property; 
water quality buffer for 
all 3 creeks; preserve 
hydrologic function. 

City, GRCA, 
Landowners and 
Community. 

Develop & adopt 
floodline policies 
immediately; 
implement at 
Community Plan 
stage. 

Implement Flood & Fill 
regulations 
SWM design  
EIS for adjacent 
development 
SWM, trail and 
interface between 
wetland and 
development. 
 

 

• Protect Environmental 
Policy Areas. 

Protect significant 
habitat and core areas 
of natural heritage 
system. 

Region, City, 
GRCA, 
Landowners and 
Community. 

Develop & adopt 
policies immediately; 
implement at 
Community Plan 
stage 
 

Designate 
greenspace 
EIS for adjacent 
developments. 

 

• Require EIS for 
development in buffer 
areas as stipulated.  

Protect and enhance 
function of NHS, 
develop amenity benefit 
for human residents. 
 

City to review and 
adopt; 
Developer EIS. 

Community Plan 
stage; 
Prior to development. 

Refer to specific 
considerations and 
features as stated in 
EIS summary table 
(trails, SWM, etc.) 

 

• Incorporate 
Enhancement Areas. 

To protect and maintain 
the existing corridor 
function of the stream / 
wetland corridor. 
 

City to review and 
adopt. 
 

Community Plan 
stage;  Prior to 
development. 

Complementary land 
uses need further 
definition at 
Community Plan. 

 

• Apply buffer criteria. To protect and preserve 
core features and 
functions of the NHS. 
 

City to review and 
adopt criteria. 
 

Community Plan 
stage; 
Prior to development 

Designate as Open 
space; 
Consider  

 

• Best Management 
Practices. 

To enhance the feature 
and functions of the 
NHS. 
 

GRCA, 
Landowners and 
Community. 

Immediately upon 
study adoption. 

Removal of fencelines 
& garbage, reduce 
grass cutting. 

 

Aquatic Rehabilitation 
Strategy 

To enhance and 
rehabilitate the Hespeler 
West Subwatershed 
natural heritage system. 
 

City, GRCA, 
Landowners and 
Community. 

Community Plan 
stage. 

Possible CFIP 
financial assistance. 
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Table ES – 2  Study Recommendations, Responsibilities and Timing 

 Management 
Recommendation 

Purpose 
(why) 

Responsibility 
(who) 

Timing 
(when) 

Other Considerations 
(how) 

 

• Rehabilitate creek 
portion as per strategy. 

To rehabilitate the creek 
system to a condition 
closer to the natural 
state. 
 

City, GRCA, 
Landowners and 
Community. 

Community Plan 
stage. 

GRCA approvals, 
Creek bank 
naturalization. 

 

• Remove barriers 
within creek near 
bottom end. 

Provide fish migration 
upstream from Speed 
River. 
 

City, GRCA, 
Landowners and 
Community. 

Community Plan 
stage. 

Possible CFIP 
financial assistance. 

 

Community Trail 
Strategy 

To provide access and 
recreation areas for 
community residents to 
low impact recreation 
through the least 
sensitive natural areas. 
 

City, GRCA, 
Landowners and 
Community. 

Community Plan 
stage. 

Use trail corridors as 
starting point, apply 
City policies and 
standards. 
 

 

• Main routes are 
established with 
respect to 
environmental 
considerations.  

To provide a cursory 
trail layout to work from 
at more detailed stage. 

Routes subject to 
confirmation by 
City / public; City to 
incorporate into 
overall City trail 
system. 

Community Plan 
stage. 

Ownership: 
combination of 
dedication during 
development, 
donation and 
purchase of high 
priority routes where 
necessary. 
 

 

Water Management 
Strategy 

To maximize infiltration, 
protect quality of sfc and 
gr water, and minimize 
impact of post 
development conditions 
downstream. 
 

City, GRCA, 
Landowners and 
Community. 

Community Plan 
stage and at draft plan 
of subdivision. 

Infiltration and 
recharge criteria. 

 

• Quality standards To maintain existing 
quality due to issues 
related to fisheries, 
PSW and Speed River 
corridor. 

City, GRCA, and 
developers. 

SWM facilities and 
draft plan 
considerations. 

In conformance with 
Level 1 MOE 
standards. 

 

• Quantity control 
- lot level; 
- conveyance 

control; 
- end of pipe 

control. 
 

To duplicate runoff / 
maintain flood lines, 
protect the creek, 
protect supply to ground 
water. 

City, GRCA, and 
developers. 

Details to be 
confirmed at 
Community Plan 
stage. 

Post development 
flow conditions match 
pre development. 

 

• Infiltration. Maintain baseflow to all 
3 creeks and wetlands 

City and GRCA. Details to be 
confirmed at 
Community Plan. 

Highest rates near 
northeast sector of 
study area. 
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Table ES – 2  Study Recommendations, Responsibilities and Timing 

 Management 
Recommendation 

Purpose 
(why) 

Responsibility 
(who) 

Timing 
(when) 

Other Considerations 
(how) 

 

Adaptive Management 
Strategy (Monitoring) 

To provide direction to 
be able to respond to 
changes that may occur 
in the subwatershed. 
 

City, GRCA, 
Landowners and 
Community. 

Community Plan 
stage. 

Relies on staff 
expertise and time 
commitment; 
volunteer assistance 
is possible. 

 

• System Monitoring. To provide ongoing 
analysis of the 
subwatershed 
ecosystem. 
 

City, GRCA, local 
citizens groups, 
MNR. 

Ongoing. Update ELC criteria 
where necessary. 

 

• During development: 
- pre development; 
- during construction; 
- guarantee period. 

To provide monitoring 
during development 
construction. 

Developer / City & 
GRCA. 

 
-Draft plan of 
development 
- Detailed design 
submission 
- End of guarantee 
period. 
 

Pre development = 
Minimum of 2 
seasons of monitoring 
prior to construction. 
 

 

• Post development 
monitoring. 

To track changes and 
adapt strategies to 
management criteria. 

City, GRCA, local 
citizens groups, 
MNR. 

- End of guarantee 
period, ongoing. 

Will rely on adaptive 
management criteria 
to adjust as 
necessary. 
 

 

Interim Land Use 
Management Strategy 

To provide land use 
policy direction 
immediately following 
the adoption of the 
study.  
 

Region & City. Immediate. Community plan 
process will not 
capture all areas 
where policy changes 
are needed. 

 

• Identify floodplain, 
PSW and ESPA. 

To protect 
environmental features 
& functions. 
 

Region & City. Immediate. ROPP & OP 
amendments. 

 

• Encourage BMPs 
for areas prior to 
Community Plan 
stage. 

To assist in 
rehabilitating the NHS 
and encourage 
stewardship goals. 
 

City, GRCA, local 
citizens groups, 
landowners. 

Immediate. I.e., Remove fences, 
collect garbage, 
reduce grass cutting. 

 

Public Education To encourage 
stewardship consistent 
with study goals. 
 

Region, City, 
GRCA, local 
citizens groups, 
MNR. 

Immediate. Assist in 
dissemination of study 
info, data, results. 

Quick Summary: Development Targets / EIS Requirements 

The following is a brief summary of the requirements for development that have been recommended by the Hespeler West 
Subwatersheds Study. Please refer to the text of the parent document for a full description of the recommendations and 
findings. 
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Water Management Issues 

 Water quantity must match post development flows with pre development flows. 
 Water quality must be addressed to Level One standards (MOE 1994) due to the temperature characteristics of the creek 

systems, the PSW and status of the downstream watercourse (Speed River). 
 Surfacewater infiltration be maintained or enhanced using at-source controls for rooftop runoff and pre-treatment facilities 

and infiltration trenches for road. 

Greenspace Management Issues 

 Buffers form a key management strategy in protecting the core natural areas and corridors that link them. 
 Buffers 15 metres from East, Middle, and West Creek watercourses. 
 Buffers are 30 metres from natural features with the opportunity to reduce a buffer adjacent to upland habitat provided it is 

justified through an EIS process to a minimum of a 15 metre buffer. 
 An Enhancement Area surrounding Middle Creek is recommended to achieve a total corridor width of 200 to 300 metres 

using the identified core areas, buffers and complementary land uses to achieve the required corridor for ecosystem 
function given the expansion of future development adjacent. 

 An Enhancement Area surrounding East and West Creeks is recommended to achieve a total corridor width a minimum of 
50 metres. 

 This study forms a Comprehensive Environmental Impact Study regarding defined limits of future development and 
recommended management strategies in the context of the PSW. 

 Scoped or Full Site Environmental Impact Studies will be required wherever encroachment or interference with functions 
are proposed that run counter to the recommendations of the Subwatershed Study. 

 Full site EIS information is provided through the Subwatershed Study for a period of 5 years after approval by the City - 
these criteria should be reviewed to ensure continued applicability after that time. 

 Development is not permitted to encroach into core natural areas such as floodplains, PSWs, on steep slopes and in ESPA 
/ LSNA designations.  

Community Trail Management Issues 

 A cursory trail route has been provided to address environmental issues ONLY with suitable minimum setbacks from core 
environmental features (15 metres). 

 Trail construction parameters have been suggested such as total trail width, surface treatment, lighting, and signage near 
environmental features. 

 Any subsequent variation from these recommendations within the Greenspace Management Strategy and environmental 
feature buffers require further EIS supporting documentation. 

Adaptive Management – Monitoring Issues 

 Monitoring is separated into those responsibilities of public agencies / public stewardship and the development community. 
 Public agencies / public stewardship approaches undertake the Systems and Post development Monitoring. 
 The development community undertake the during development program which is divided into three phases of 

responsibility: 1) pre-development, 2) during construction, and 3) the guarantee period. 
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Quick Facts:   Hespeler West Subwatersheds  

• Total drainage area of subwatersheds including 
Speed River catchments =  990 ha 

• Percent of subwatershed covered by ‘wooded 
cover’ = 17.75% (includes forests, woodlands, 
swamps and plantations) 

• Percent of subwatershed covered by wetland = 
18.15% (includes swamps and open aquatic 
features) 

• Percent of subwatershed covered by 
development = 22.5% 

• Percent of subwatershed covered by agricultural 
lands = 38.20% 

• Percent of subwatershed covered by vegetation 
(natural, cultural and agricultural) = 74.6% 

• Number of Provincially Significant Wetland  
(PSW) complexes = 2  

• Number of Locally Significant Wetland  (LSW) 
complexes = 1 

• Number of Environmentally Sensitive Policy 
Areas (ESPA) polygon units found in the 
Hespeler West subwatersheds = 0 (However, 
certain areas of the subwatersheds meet ESPA 
criteria) 

• Number of habitat blocks that contain forest 
interior wildlife species = 9 

• Provincially or nationally ‘vulnerable’ (special 
concern),’ threatened’ or ‘endangered’ species = 
none found 

• Vascular plant species = 437 
• Provincially Significant vascular plant species = 1 
• Regionally Significant vascular plant species = 24 
• Wildlife species = 144 
• Provincially Significant wildlife species = none 

found 
• Regionally Significant wildlife species = 35 
• Birds = 91 (81 observed during the breeding 

season) 
• Mammals = 17 
• Amphibian and Reptiles (Herpetofauna) = 13 
• Butterflies = 12 
• Damselflies and Dragonflies = 11 
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A 1.0  INTRODUCTION 

A 1.1  Background 

The Hespeler West subwatersheds lie in the northern 

sector of the City of Cambridge and comprises the lands 

drained by East, Middle and West Creeks.  The total area 

of the subwatersheds is approximately 990 ha including 

areas draining directly to the Speed River.  The area is 

generally bounded by the Speed River to the south, 

Fountain Street to the west, Regional Road #24 to the east 

and Kossuth Road to the north (see Figure A 1.1.1).  The 

area north of the Speed River, north and east of the Toyota 

Motor Manufacturing Canada plant and west of Hespeler 

Road (Regional Road #24) is designated for a mixture of 

industrial, suburban residential, agricultural and open 

space land uses.  Generally lands south of Maple Grove 

Road (Regional Road #38), and land along Fountain Street 

(Regional Road #17) are within the City’s Urban Boundary.  

Section A 2.2 provides a more detailed description. 

Development pressure in the subwatersheds necessitated 

the preparation of a Subwatershed Study in order to 

comply with provincial, regional and municipal planning 

documents and to ensure that development would proceed 

in an environmentally sustainable manner. 

To aid in proper referencing to the various streams and 

ponds, which are referred to throughout the document, 

reference should be made to Figure A 1.1.2, Watershed 

Streams and Ponds.   

A 1.2  Goal 

The goal of the Hespeler West Subwatersheds Study, as 

per the Study Terms of Reference (Appendix A), is to 

protect, maintain and enhance the ecological processes 

and functions and significant natural features of the 

subwatersheds in a way that is environmentally sound and 

socially and economically sustainable. 

A 1.3  Study Team 

A Study Team consisting of a partnership of consultants 

and agencies has completed the Hespeler West 

Subwatersheds Study.  Figure A 1.3.1 details the Study 

Team and responsibilities. 

A 1.4  Report Structure 

This report has been organized into 4 distinct sections, in 

part reflecting the chronological progress of the study and 

in part the proper presentation of information in a logical 

format. 

The first section, Introduction, discusses the organization of 

the study itself, provides the history of the Hespeler West 

subwatersheds, discusses the planning context of the 

subwatershed area, the objectives and goal of the study, 

and summarizes the public input into the process. 

Section B presents the detailed investigations that were 

undertaken by the Study Team. 

Section C analyzes the various opportunities and 

constraints that are present in the subwatershed and 

develops a series of management alternatives.  A preferred 

management alternative is chosen, based on public input, 

agency criteria and the subwatershed needs. 

Section D, Management Strategy, summarizes the ultimate 

management strategy for the Hespeler West 

subwatersheds.  A Monitoring Plan and an Implementation 

Plan are presented.  Requirements for future studies are 

presented. 
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Section E lists the references used in the preparation of 

this document. 

Various appendices support the Subwatershed Plan. 

All air photography used as a base for Maps and Figures in 

this study was flown in April 2000. 

A 1.5  Subwatershed Planning 

Subwatershed planning uses watersheds and 

subwatersheds as the biophysical basis for planning and 

management.  It is the preferred resource management 

approach to analyzing ecosystems. Watershed planning 

considers the complexity, biodiversity, and inter-

connections within natural systems taking into account the 

dynamic nature and finite capacities of ecosystems.  It has 

environmental, social and economic benefits.  

From Watershed Planning Initiative - Final Report  (Ministry 

of the Environment, 1997), the objective of watershed 

planning is to provide decision-makers with a broad 

understanding of ecosystem function and status, and to 

develop recommendations for appropriate resource 

management in the watershed. This will allow relevant 

ecosystem considerations to be integrated into land use 

planning decisions and allow for better-informed resource 

use decisions to be made.  

The process of watershed planning determines targets and 

objectives prior to the adoption of official plans or land use 

decisions and allows for informed decision-making. Key to 

subwatershed planning is the balanced approach to 

ensuring that environmental, social and economic issues 

are addressed. Subwatershed planning is an evolving 

process and forms part of the process known as Adaptive 

Environmental Management.  Subwatershed Planning 

(MOE & MNR, 1993) states that subwatershed planning is 

undertaken for: 

• Environmental protection and pollution prevention. 

• Better planning. 

• Infrastructure guidance. 

• Streamlined approvals. 

• Savings. 

• Public involvement. 

• Credibility of participating agencies. 

• Enhanced economic viability. 

This document also notes that subwatershed plans will: 

• Identify the location, aerial extent, present status, 

significance and sensitivity of the existing natural 

environment within the subwatershed; 

• Establish goals and objectives for management of 

the subwatershed; 

• Identify environmentally sensitive or hazard lands, 

and recommend, with reason, appropriate 

environmental management practices; 

• Identify lands where development may be 

permitted, provided it is designed to ensure that 

ecological functions are protected and maintained; 

• Provide directions for the screening and selection 

of best management practices for the 

subwatershed; 

• Address cumulative impacts of changes to the 

subwatershed on the natural environment; 

• Integrate disciplines, policies, mandates, and 

requirements of all agencies and interests; 

• Provide direction, consistency and uniformity of 

conditions of approval; 

• Promote public participation; 

• Establish an implementation strategy; 

• Outline requirements for monitoring programs and 

information updates; and 

• Provide technical information for the completion of 

community plans and subdivision designs. 
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The Government of Ontario has issued the Provincial 

Policy Statement (1997), which requires municipalities 

(upper and lower tier) to provide proper planning and 

environmental considerations.  Legislation, such as the 

Planning Act, the Conservation Authorities Act, and the 

Environmental Assessment Act, ensure that these policies 

are implemented. 

Land Use Patterns, Sub-section 1.1.1 e) recommends that 

a “coordinated approach should be achieved when dealing 

with issues which cross municipal boundaries, including 

ecosystem and watershed related issues”.   

Section 2 of the Provincial Policy Statement provides 

specific policies dealing with natural heritage features and 

areas including wetlands, aquatic and terrestrial habitat, as 

well as water quality and quantity.  Natural features 

diversity and the natural connections between them should 

be maintained, and improved where possible.  Effective 

subwatershed planning will satisfy these policies. 

The Provincial Policy Statement contains other specific 

policies regarding Agriculture, Mineral Resources, Cultural 

Heritage and Archeological Resources that may also 

pertain to the study area.  Policies specific to land use and 

development as well as public health and safety are 

included in the PPS document.  Their implications are most 

commonly included in Regional and City Official Plan 

documents and subsequent land use planning processes. 

The Regional Municipality of Waterloo (the Region) has 

recognized the importance of watershed planning by 

including a subsection of Chapter 3 - “Environmental 

Planning” on the topic.  Subsection 3.1 - “Watershed 

Planning” contains eight policies regarding the completion 

of watershed plans including direction on amending land 

use planning documents based on the results of watershed 

plans. The Region’s priority in such studies will be 

regarding the preparation of recommendations related to: 

1. Protection and management of groundwater 

resources; 

2. Surfacewater quality; 

3. Identification, protection and management of 

environmental preservation areas, 

environmentally sensitive policy areas and 

regionally significant natural corridors; and 

4. The implications of development opportunities on 

the provision of regional infrastructure. 

Portions of watershed studies that deal specifically with 

Regional interests (as identified above) will be approved by 

the Region prior to the adoption of area municipal official 

plan amendments or approval of area municipal 

implementation plans that implement the recommendations 

of the study (Policy 3.1.5). 

The City of Cambridge is conducting the Hespeler West 

Subwatersheds Study in order to comply with its official 

planning documents.  Policy 6.2.1 of the Cambridge Official 

Plan titled “Subwatershed Studies and Plans” details the 

requirements of the city and the priorities for such studies.  

Study components are listed in Section 6.2.1.4.  

The City also requires that a subwatershed study contain a 

comprehensive environmental impact statement (Section 

6.2.1.5) that provides sufficient analysis to formulate 

general parameters for development through the Official 

Plan and other means of land use regulation.  This section 

also stipulates that where feasible, the study will fulfill, in 

whole or part, the Environmental Assessment Act 

requirements for major infrastructure works located within 

that subwatershed.  It has been decided that, due to the 

complex nature of servicing needs in the three 

subwatersheds, servicing EAs will be done at the 

community plan stage. 

Other relevant sections regarding the natural environment 

system within the Official Plan include water resources 
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protection (6.2.2), floodplain planning (6.2.3), stormwater 

management (6.2.5), fish habitat restoration and protection 

(6.2.6), and vegetative management (6.2.7). These policies 

have been considered in the completion of the 

subwatershed study. 

A 1.6  Study Process 

An interdisciplinary Consultant Team conducted the 

Hespeler West Subwatersheds Study in three phases, as 

described below (also see Figure A 1.6.1). 

PHASE 1 INITIATION 

Step 1: Background Information 

Collection and review of existing physiographic, 

hydrologic, hydrogeologic, natural features and land 

use information.  Synthesis, interpretation and 

integration of existing information.  Production of a 

base plan map for the subwatershed, which is current 

and correct.  Preliminary description of the ecosystem 

functions and linkages.   

Step 2: Issue Identification 

Refinement of issues and problem statements.  

Refinement and prioritizing of goals and objectives.  

Identification of data deficiencies.  Familiarization of 

the Steering Committee with existing database and 

watershed characteristics.  Field monitoring initiated.  

Revised work plan based on information gathered to 

date.  Initial contact with landowners, special interest 

groups and directly affected parties.  Public meeting.  

PHASE 2 STUDY AND REFINE 

Step 3: Detailed Study 

Commencement of base line data gathering and 

detailed study, inventory, and analysis addressing 

hydrology (model determined in consultation with the 

City and the GRCA), flooding, erosion, hydrogeologic 

and baseflow characteristics, Fish Habitat, natural 

environment and surfacewater quality.  Review of 

existing and proposed trail linkages.  Production of a 

seasonal and annual water budget.  Understanding of 

the relationship between the biophysical aspects of 

the subwatershed and the existing and potential land 

use.  Identification of opportunities and constraints. 

Step 4: Targets 

Establishment of the targets necessary to achieve the 

objectives.  Investigation and develop various 

management plans, which include practices and 

measures to meet watershed objectives and targets. 

Step 5: Alternatives and Recommended Plan 

Evaluation of alternative management plans.  

Recommendation of the preferred Subwatershed Plan 

for Hespeler West.  Public meetings to receive input.   

Step 6: Implementation and Monitoring Plans 

Preparation of the Implementation Plan and long term 

Monitoring Plan with specific time frames and 

responsible parties.  
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PHASE 3 STUDY FINALIZATION 

Step 7: Final Plan/Presentation to Council 

Production of the final Hespeler West Subwatersheds 

Plan, including an Executive Summary, the 

Implementation and Monitoring Plans.  Presentation to 

Cambridge Council (and potentially Regional Council) 

at a public meeting for approval.  

A 1.7  History of Hespeler West 
Subwatersheds 

As with much of the Region of Waterloo, the Hespeler West 

subwatersheds were part of the lands granted to the Six 

Nations of the Iroquois by the British Crown in 1784.  It was 

through the efforts and negotiations of their leader, Joseph 

Brant, that the people of Six Nations were granted a tract of 

land six miles in depth on each side of the Grand River 

from its mouth to its source.  That year, Brant led his tribes 

from their lands in the Mohawk valley of upper New York 

State to the Grand River Basin.  The tribes of the Six 

Nations were Cayuga, Mohawk, Oneida, Onondaga, 

Seneca and Tuscarora.  Brant later sold 90,000 acres to a 

land development group, Richard Beasley and his partners. 

These developers eventually sold much of the land to 

Pennsylvania Mennonites who began to settle the area.  In 

fact, the original landing place was at the confluence of the 

Speed and the Grand Rivers, and the Hespeler West area 

was one of the first places settled by the Mennonites. 

While much of the Hespeler West area was used for 

farming, the area along the Speed River was ideal for 

various types of mills that relied on waterpower for energy 

in the particular process (e.g., sawmills, foundries, woolen 

mills and grist mills).  With the arrival of the railroad, the 

Village of Hespeler was incorporated in 1859. The village 

was named after Jacob Hespeler, a chief industrialist and 

businessman.  The village continued to rely heavily on the 

textile industry, with one factory, Dominion Woollen and 

Worsteds (formerly owned by the Forbes family), employing 

1,500 people in a population of 3,000.  In spite of the jobs 

available in the nearby town, those who lived on the land 

west of Hespeler earned their income through farming. 

For most of the last two centuries, the Hespeler West 

subwatersheds area was predominantly inhabited by the 

Mennonites from Pennsylvania.  Much of the land was 

passed on for generations within the families of the original 

landowners.  Some of the well known names of the original 

settlers include Clemens, Witmer, Cook, Snyder, Markle 

and Hagey.  Earlier in the twentieth century, the railway 

from Preston to Kitchener crossed the road by the Hagey 

farm and was known as “Hagey’s Crossing.”  The Hagey 

farm stayed in the family until it was purchased by the City 

of Cambridge for the construction of the Toyota plant. 

Two Mennonite churches were constructed in the area.  

Wanner Mennonite Church still exists in its original location 

on the corner of Maple Grove Road and Beaverdale Road.  

Hagey Mennonite Church was originally constructed on the 

west side of Fountain Street just north of Preston.  After a 

fire destroyed the church in 1953, a new church was built 

on Concession St. in Preston and is now known as Preston 

Mennonite Church.  The original Hagey Church Cemetery 

can be found just north of Highway 401 on Fountain Street.  

A United Church was also built by a group of Mennonites 

who wanted a more evangelical focus in their church-life.  

Zion United Church still exists on Speedsville Road just 

north of Maple Grove Road. 

Infrastructure for the area was, of course, limited at first.  

The first bridge across the Speed River was built in the 

1850s.  Before the bridge existed, goods were hauled by 

horses and wagons that could ford the river, and a well-

traveled stage-coach route existed between Preston and 

Guelph.  The exact route is debated, but it seems most 

likely that the route crossed the river at Speedsville and 
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followed higher ground northeast to Wanner Mennonite 

Church and on to Fisher Mills. 

The village of Fisher Mills remained an economically viable 

community for most of the last two centuries and has been 

important to the Hespeler West area.  The coming of the 

railways often led to the demise of off-line villages like 

Fisher Mills.  Nevertheless, this adaptable community had 

its greatest boom years in the 1850s during the 

construction of the Main line of the Grand Trunk Railway 

from Montreal to Sarnia.  Due to the lack of bridges, horses 

and wagons still transported goods in the area. The Great 

Western Railway brought supplies to Galt, which were 

transported from Galt to Breslau, Shantz Station, Mosboro 

and further eastern points.  The teams coming through the 

village brought plenty of business to its two hotels and 

blacksmith’s shop.  A general store could also be found in 

the village (Snyder, 1954). 

As the name implies, Fisher Mills was centred around the 

dam and the mill.  The dam is fed by Chilligo Creek (an 

adjacent subwatershed).  This stream was named by 

Canada’s First People long before the area was settled by 

Europeans.  In addition to its intended purpose, the dam 

became a popular swimming hole for people from 

surrounding areas, including Hespeler.  A sawmill, which 

was generally the first thing built in such a village, was 

constructed by either Micheal or Joseph Fisher.  The dam 

was built to accommodate a new flour mill.  In 1864 the mill 

was purchased by Aaron and John Clemens who added a 

stave and heading mill.  In 1882 the mills were taken over 

by Aaron Clemens who ran them for six years until he died.  

In the 1890s, new owners decided to dismantle the 3 ½ 

story flour mill and move it and its entire equipment to 

Birtle, Manitoba.  Joseph S. Shantz and A. B. Snyder 

purchased the old mill site.  They operated the saw mill and 

built a feed grinding mill on the foundation of the old mill.  

Only a year after, Mr. Shantz became the sole owner and 

he later added a cider and apple butter mill (Snyder, 1954).  

Joseph’s son A. J. Shantz operated the feed mill until 1970 

when it was purchased by Howard Cressman.  The saw 

mill was no longer operated by this time, but the feed mill 

was operated by Mr. Cressman until 1990 when it was 

finally closed down. 

Snyder’s Potato Chips was another business local to the 

Hespeler West area.  Located on Beaverdale Road, it 

employed many people in the area.  The potato chip 

industry took advantage of the area’s light soil that was 

adaptable for potato culture.  The O.A.C. experimental 

potato farm was also located in this area (Snyder, 1954).  

Snyder’s is no longer in business, and the facility is 

currently used by a motorcycle dealership, Performance 

Cycle. 

Kossuth is a village that has only a few remnant buildings 

left standing, yet it was at one time a significant place in the 

Hespeler West area.  The village was named after Louis 

Kossuth, a great Hungarian liberator and national hero.  A 

group of Hungarians have erected a plaque in his honor 

that reads, “An immortal hero of Hungarian freedom and an 

apostle of world democracy whose ideals inspired the 

founders of this settlement and were revived in the 

contemporary Hungarian revolution.”  Kossuth’s name and 

work was an inspiration to the Pennsylvania Dutch people 

who established the village. 

While it was at one time a thriving little village, Kossuth was 

smaller than Fisher Mills and the only remnants are the old 

schoolhouse and a few houses.  At one time the 

community businesses and houses were spread along 

Kossuth Road from Beaverdale Road to Speedsville Road.  

A hotel was located on the north side of the road.  Also 

found in the village were a cobbler’s shop, a blacksmith 

shop, post office and a pottery.  One previous resident, 

Lloyd Hagey, remembers that the cobbler made good boots 

and shoes, and many people wore them.  Today the 
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Beaverdale Golf and Country Club can be found next to the 

old Kossuth schoolhouse. 

Idylwild Park was a unique feature located near the Speed 

River.  Operated by the Canadian Pacific Railway, the park 

was only accessible by the electric rail line that carried 

passengers between Preston and Hespeler.  A separate 

steam line carried freight and ran parallel on the other side 

of the river.  The park featured a couple of footbridges and 

a concession booth, and possibly a ball diamond—or at 

least a field big enough for the game.  It was a popular 

place for company picnics and other such events. 

Some of the area has a fairly thin layer of topsoil covering a 

very sandy soil underneath.  The sand has proven to be a 

valuable resource and has been excavated for various 

purposes.  In the 1950s Marshal Lasby excavated sand on 

the west side of Speedsville Road.  As the owner of 

Preston Sand and Gravel, he supplied sand for plastering 

and cement work.  Before Lasby, the site was owned by a 

man by the name of Bauman—a common Mennonite 

name.  Today this resource continues to be excavated on a 

much larger scale by Arriscraft International Inc. (Arriscraft), 

earlier known as Angelstone. 

Arriscraft had its beginnings in 1926 when Edward B. 

Ratcliffe (I) obtained patents for manufacturing a high 

quality building stone using a molded concrete process.  

That year he founded Bartonville Rock Stone Ltd., and in 

1949, Edward B. Ratcliffe (II) founded Angelstone.  The 

plant was on Parkdale Avenue in Hamilton and supplied 

thousands of buildings in Canada.  In 1956, the company 

developed a new high-pressure calcium silicate process.  

The Hamilton plant was unable to keep up with production 

that year, and in 1957 the Cambridge plant was started.  In 

1983, Angelstone Limited was renamed Arriscraft in 

recognition of its expanded product line.  Today they 

manufacture a variety of building stone and brick that is 

sold in Canada and the United States.  The company also 

quarries in the Bruce Peninsula under the division named 

Adair Marble Quarries, sending the marble blocks to 

Cambridge for processing.  Arriscraft now employs about 

200 people, and sand extraction continues near the plant’s 

location on the east side of Speedsville Road.  Sand has 

also been excavated along Beaverdale Road, including the 

site of a residential subdivision south of Maple Grove Road 

developed by Arriscraft when they finished excavating sand 

on the property (Windsor Publications, 1987). 

The region between Hespeler and Kitchener was governed 

by Waterloo Township until it was split up in a municipal 

amalgamation.  The former township was divided and 

added to Woolwich Township, the City of Waterloo, the City 

of Kitchener and the City of Cambridge.  The Hespeler 

West subwatersheds became part of the newly formed City 

of Cambridge in 1973. 

Since then, the region has gradually experienced 

development pressure.  For example, the Arriscraft 

subdivision on Beaverdale Road appeared in the late 

1980s.  It was given the name “Idylwild,” most likely in 

reference to the aforementioned park along the electric 

railway that went by the same name.  The first phase of 

Idylwild was approved for a privately serviced development 

in early 1987.  The second phase, developed in partnership 

with Hunt Club Valley Inc., was approved in March 1990.  

While it was originally intended that residents would have 

private wells, water quality proved to be inadequate, 

prompting the installation of a City watermain to supply 

water to the entire subdivision.   

When the region was still governed by Waterloo Township, 

the Ontario government formed the Ontario Land 

Corporation (OLC) and began a new program to buy land 

for future planned urban community.  Anticipation of urban 

development was raising the price of land and it was feared 

that housing would no longer be affordable.  The 

government intended to buy land and make it available for 
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development at lower cost.  The area from Middle Block 

Road south to Highway 401 was the area chosen for this 

particular land holding, encompassing most of the Hespeler 

West Study area.  Developers opposed this initiative, and 

persuaded Waterloo Region to resist and try to slow it 

down.  Eventually the program was halted. 

Local landowners did not receive the OLC very well.  Some 

didn’t mind selling because the price seemed reasonable.  

Others resisted as long as they could, but eventually sold 

knowing the government would eventually exercise its 

authority to purchase the land.  For many, it was the end of 

a tradition of passing land through generations of family 

members.  Some people left while others have stayed on 

the land by leasing from the government.  Larry Markle 

rents land that has been in his family for over a hundred 

years.  His grandfather passed it on to his father and uncle 

who sold it to the OLC.  Larry has also rented additional 

land for the past 35 years.  Gerald Hoffstetter purchased 

land on the corner of Maple Grove Road and Fountain 

Street in the late 1940s.  Thirty-four years ago, the OLC 

purchased his land for about $1,500 an acre.  He recalls 

that he resisted for a long time, and was eventually the last 

one to sell.  Thirty years later, his son re-purchased 116 

acres of the land. 

Today much of the land is still farmed.  Some is rented and 

some has been purchased back from the government.  The 

University of Guelph uses some of the land on the north-

east section for agricultural research, and some land on the 

west side has already been used for industrial 

development.  The Toyota plant is the largest industry in 

the area, the land having been purchased by the City of 

Cambridge and quickly made available to welcome this 

major source of employment.  The Loblaws grocery 

distribution facility arrived more recently and falls within the 

study area on the northeast corner of Maple Grove Road 

and Fountain Street.  Arriscraft is operating on Speedsville 

Road and continues to excavate sand in the area.  There 

are also some newer rural residences within the 

subwatersheds.  The area continues to experience 

development pressure for both industry and residential land 

uses. 

Others have written about the history of Hespeler, though 

little can be found on the area west of the town.  Most of 

the history specific to the study area was obtained in 

conversation with past and current local residents.  These 

residents include, Richard Schiedel, Howard Cressman, 

Larry Markle, Lloyd Hagey, George Schiedel and Gerald 

Hoffstetter.  Bill O’Krafka from The Company of Neighbours 

and Jim Quantrell of the City of Cambridge Archives were 

also consulted.  For more detailed information on the early 

history of the Grand River Watershed, refer to the following 

website:http://collections.ic.gc.ca/copper/low/humanhist.ht

m.  For more information on the town of Hespeler, 

reference should be made to various publications by City 

Archivist Jim Quantrell and the website 

www.thecompanyofneighbours.com. 

Other Sources: 

• “Cambridge, The Making of a Canadian City.”  Windsor 

Publications, 1987. 

• “Hungarians to Honor Memory of Kossuth.”  

Unidentifiable newspaper article. 

• Snyder, Lillian.  “Fisher Mills Boasts Old History.”  The 

Evening Reporter, Galt, Ontario, September 18, 1954. 

A 2.0  EXISTING POLICY FRAMEWORK 

Both the Regional Official Policies Plan (Policy 3.1 

Watershed Planning) and the City of Cambridge Official 

Plan (Policy 6.2.1 Subwatershed Studies and Plans) 

identify the need and priority of subwatershed planning.  

The formulation and development of the Hespeler West 

Subwatersheds Study has therefore been predicated on 
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this priority and implements the existing planning and 

environmental policy framework for the natural environment 

from these two Official Plans.  The planning partners in 

subwatershed planning include the Regional Municipality of 

Waterloo, the City of Cambridge, the Grand River 

Conservation Authority (GRCA), the Ontario Ministry of 

Agriculture and Food (OMAF), Ontario Ministry of Natural 

Resources (OMNR) and the public.  

A 2.1  Regional Municipality of Waterloo 
Official Policies Plan (ROPP) 

The Regional Official Policies Plan (ROPP) for the 

Regional Municipality of Waterloo was adopted by Regional 

Council on May 11, 1995 and approved in part by the 

Minister of Municipal Affairs and Housing on December 19, 

1995.  No outstanding deferrals or referrals of the ROPP 

affect the area of the Hespeler West Subwatersheds Study. 

The Hespeler West Subwatersheds Study area is located 

within two distinct Settlement Patterns as identified on Map 

No. 6 (Settlement Patterns) of the ROPP.  The portion of 

the study area located south of Maple Grove Road, plus 

additional lands north of Maple Grove Road, east and west 

of Fountain Street (Regional Road #17) are designated as 

'CITY URBAN AREA'.  The remaining area north to 

Kossuth Road (Regional Road #31) is designated 

'AGRICULTURAL RESOURCE AREA'. 

Lands within the 'CITY URBAN AREA' have been 

designated in the ROPP to accommodate the majority of 

forecasted employment needs consistent with the Regional 

Employment Forecast and with the Regional Population 

and Household Forecast housing needs for the three urban 

municipalities (Cities of Cambridge, Kitchener and 

Waterloo) of the Region to the year 2016.  The 'CITY 

URBAN AREA' settlement pattern provides for a wide 

range of urban serviced land uses and the specific land use 

designations are provided in the City of Cambridge Official 

Plan to implement the employment and 

population/household forecasts of the ROPP to the year 

2016. 

Lands within the ‘AGRICULTURAL RESOURCE AREA’ 

primarily permit farming, mineral aggregate extraction and 

forestry.  The ROPP further defines the Agricultural 

Resource Area lands in the study area (ROPP Map No. 3) 

as Prime Agricultural Areas.  The range of agricultural 

activities within 'PRIME AGRICULTURAL RESOURCE 

AREAS' is limited to farming, on-farm business activities, 

and farm related non-residential uses.  The introduction of 

new non-farm related uses is prohibited and farm related 

consents are limited. 

Map No. 1, Natural Habitat Network, of the ROPP has not 

identified any areas within the study area as 

Environmentally Sensitive Policy Areas.  Map No. 2, 

Provincially Significant Wetlands, has identified parts of the 

Speed River Floodplain as Provincially Significant Wetland. 

Specific environmental policies within the Regional Official 

Policies Plan that relate to the subwatershed planning 

include: 

Chapter 3.0 (Environmental Planning): 

a) Policy  3.2 – Environmental Impact Statements, 

provide direction on the type, content and specific 

requirements of such statements.  

b) Policy 3.3 – Biodiversity, provides support for the 

conservation and enhancement of the region’s 

native biodiversity. 

Chapter 4.0 (Region’s Natural Heritage Network): 

c) Policy 4.2 – Environmental Preservation Areas 

(EPA), which relates to significant portions of 

habitat of Endangered Species or of Threatened 
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Species.  There were no known Environmental 

Preservation areas located within the 

subwatershed nor were any found in the course of 

the study. 

d) Policy 4.3 - Environmentally Sensitive Policy 

Areas (ESPA), provides direction and criteria for 

identifying and managing ESPA locations. Existing 

ESPA are not found within the subwatershed as 

listed in Table 4.1 from the policy. New ESPA 

designations must fulfill environmental criteria 

listed in the policy. 

e) Policy 4.4 – Provincially Significant Wetlands 

(PSW), which supports provincial criteria for 

identification and management of these features. 

f) Policy 4.5 – Floodplains, that recognizes the 

criteria and management as stipulated by the 

GRCA and the Province. 

Chapter 5.0 (Region’s Natural Resources): 

g) Policy 5.2.1 – Sensitive Groundwater Areas, as 

identified and managed through implementation of 

the Region’s Water Resources Protection 

Strategy. 

h) Policy 5.2.2 – Groundwater Discharge Areas, 

provides for the identification of Regional 

Environmentally Significant Discharge Areas 

(RESDA) where they are not already contained 

within ESPA, EPA, PSW or Regionally Significant 

Natural Corridors. 

i) Policy 5.4 – Woodland Resources, provides 

direction in order to conserve, protect and 

enhance woodlands. 

Through Amendment No. 12 to the ROPP (approved 

December 2000 - Map No. 4) Water Resource Protection 

Areas, now called Wellhead Protection Area-Urban Point 

Source Sensitivity Mapping, the Region has identified 

Wellhead Sensitivity Protection Areas (see Figure A 2.1.1).  

Wellhead Sensitivity Protection Areas, Sensitivity 3 and 4 

are located around the existing Regional well located south 

of Maple Grove Road, west of Fountain Street.  This 

Regional Well is located in the centre of these Sensitivity 

Areas, both of which are located within the 'CITY URBAN 

AREA'.  Lands along the northerly limit of the study area 

south of Kossuth Road are identified as Sensitivity 4 for 

Regional wells to the northwest along the Grand River.  

Regional policies applicable to sensitivity areas would limit 

the range of new non-residential land uses. 

ROPP Map No. 5 identifies the general location of Mineral 

Aggregate Resources.  There are no areas identified as 

having a potential for aggregate extraction within the study 

area.  This designation applies to lands where there is a 

high potential for aggregate extraction to occur due to the 

high quality of the identified deposits.  These areas are to 

be protected from future land uses that would prohibit 

future extraction or be incompatible to extraction 

operations.  There is, however, an existing aggregate 

operation north of the 401, east of Speedsville Road. 

Community Core Areas, Regional Shopping Centres or 

Regional Power Centres have not been identified within the 

study area as indicated on ROPP Map No. 7, Commercial 

Structure.   

Fountain Street (Regional Road #17), Maple Grove Road 

(Regional Road #38) and Kossuth Road (Regional Road 

#31) are identified as Regional Controlled Access 

Prohibited, as shown on ROPP Map No. 9, Existing, 

Planned & Proposed Roads.  Any new access to these 

Regional Roads will be limited to meeting Regional Road 

Access requirements and approval of a Regional Road 

Access Permit. 
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A 2.2  City of Cambridge Official Plan 

The City of Cambridge Official Plan was adopted by the 

City Council on September 22, 1997 and Regional Council 

approved the Official Plan subject to a series of deferrals 

and modifications on July 14, 1999 and issued the Notice 

of Decision on July 16, 1999.  This Official Plan replaced 

the Plan approved May 10, 1983 and implements the 

approved Regional Official Policies Plan (ROPP).  The City 

of Cambridge Official Plan provides more site-specific detail 

and policies that implement the broad based ROPP 

policies.  

In accordance with Map No. 6 of the ROPP, Map 1 of the 

City of Cambridge Official Plan (Figure A 2.2.1) identifies 

City Urban Area, Agricultural Resource Area, Community 

Core Areas and Candidate Nodes.  The area south of 

Maple Grove Road (Regional Road #38) plus additional 

lands north of Maple Grove Road, east and west of 

Fountain Street are identified as City Urban Area.  The 

remaining area within the study area is identified as 

Agricultural Resource Area.  The Community Core Area 

and Candidate Node designations do not apply to any 

lands within the study area. 

On Map 15 (Figure A 2.2.2) General Land Use Plan, the 

study area has been designated primarily as Industrial, 

Residential and Agricultural, with areas of Open Space 

along the creeks. 

The Class 2 Industrial District Designation applies to lands 

along the north side of Royal Oak Road west of Speedsville 

Road and the Arriscraft Plant east of Speedsville Road 

north of Highway 401.  The Class 2 Industrial designation 

permits a wide range of industrial uses not requiring or 

benefiting from the visual exposure of being located by a 

highway corridor. 

Lands designated as Residential Class 2 Suburban are 

located east and west of Speedsville Road south of Maple 

Grove Road and north of Speed River.  Residential uses 

with this designation are limited to single detached 

residential.  Other uses including commercial, accessory 

uses and agricultural and non-intrusive livestock operations 

are permitted, subject to specific criteria.   

The remainder of the study area is designated as [Class 1 

(Prime)] Agricultural Resource District, except for some 

smaller scattered areas designated as Open Space.  The 

Agricultural Resource District applies to lands that have 

been identified as specialty crop lands or lands that fall 

within the Classes 1, 2 or 3 of the Canada Land Inventory.  

Lands with this designation are to be used for Agricultural 

purposes and any new form of non-agricultural 

development is to be prohibited. 

Lands designated on Map 15 as Open Space have been 

identified as containing significant natural features, 

including Provincially Significant Wetlands, Regionally 

Environmentally Sensitive Policy Areas, Locally Significant 

Natural Areas, fish habitat, significant woodlots, significant 

wildlife areas, floodplain or conservation lands of the Grand 

River Conservation Authority. 

Environmentally Sensitive Areas include areas surrounding 

East Creek, Middle Creek and West Creek as well as the 

floodplain of the Speed River.  They have been designated 

as Class 1 (Significant Natural Features) Open Space 

District on Map 15 General Land Use Plan.  These 

significant natural features that make up the Class 1 

(Significant Natural Features) Open Space designation are 

shown on Map 8 (Figure A 2.2.3) Provincially and Locally 

Significant Wetlands and Map 9 (Figure A 2.2.4) 

Environmentally Sensitive Policy Areas and Locally 

Significant Natural Areas.   
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On Map 8 (Figure A 2.2.3), the wetlands in the floodplain of 

the Speed River have been identified as Classes 1, 2 and 3 

(Provincially Significant) and those surrounding East Creek 

and Middle Creek have been identified as Classes 4, 5, 6 

and 7 (Locally Significant).  Note:  Present wetland 

classification evaluated using MNR criteria refers to 

Provincially Significant Wetlands and Locally Significant 

Wetlands.  The area surrounding West Creek, an area west 

of Fountain Street between Allendale Road and Middle 

Block Road, and an area along the east-west portion of 

Briardean Road have been identified as unevaluated 

wetlands. 

Map 10 (Figure A 2.2.5) Floodplains identifies the 

Regulatory Storm floodplain of the Speed River and not 

those of East, Middle and West Creeks, as floodplain 

mapping was not available for the creeks at the time of 

completion of the Cambridge Official Plan.  Map 13  (Figure 

A 2.2.6) Watercourses, Subwatersheds and Selected Fish 

Habitat Resources identifies Middle and West Creeks as 

Type 4 Warmwater Baitfish Streams and East Creek as a 

Type 1 Existing Coldwater Stream. 

The northwest side of Hespeler Road (Regional Road #24) 

is identified on Map 6 Major Transportation Facilities And 

Hydro Corridors (not reproduced in this report due to map 

quality problems) for a proposed Freeway or Major Arterial 

Road.  This is consistent with the ROPP Map No. 9.  New 

access to this roadway would be restricted.  The Provincial 

Highway Class Environmental Assessment under the 

Environmental Assessment Act was completed in October 

1996.  An Environmental Study Report consolidated the 

Study findings and conclusions. 

The following maps of the Official Plan do not apply to the 

study area: 

Map 2 – Galt City Centre 
Map 3 – Preston Towne Centre 

Map 4 – Hespeler Village 
Map 5 – Candidate Areas in Transition 
Map 7 – Provincially Identified Former Waste 
Disposal Sites 
Map 11 – Preston and Hespeler Two-Zone 
Floodplain Policy Areas 
Map 12 – Galt City Centre Floodplain Special 
Policy Area 
Map 14 – Mineral Aggregate Resources Area 

Map 14, Mineral Aggregate Resource Areas, does not 

identify any potential areas within the study area.  

However, there are resources identified in the area by the 

Ontario Geological Survey (OGS, 1998). In addition, the 

aggregate resource is confirmed by the presence of active 

extraction occurring within areas controlled by approved pit 

licenses under the Aggregate Resources Act.  While the 

resource is not identified in the City of Cambridge Official 

Plan, it is recommended that the utilization of the sand and 

gravel deposits within the study area be investigated as 

part of the Community Plan and individual land 

development applications. The objective would be to utilize 

the aggregate resource as part of what has recently been 

called an "urban resource rescue" activity, avoid the 

sterilization of a known aggregate resource, and more 

accurately reflect Policy 2.2.2 and 2.2.3 of the Provincial 

Policy Statement.  

Specific environmental policies within the City of 

Cambridge Official Plan that relate to the subwatershed 

include: 

Chapter 6.0 (City’s Natural Environment System): 

a) Policy 6.1 – Open Space System, provides a 

list of elements of the Open Space System 

including such features as significant natural 

features, floodplains, hazard lands and 

conservation areas. Direction is given on the 

identification of a Woodland Strategy and on 

natural corridors. 
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b) Policy 6.1.2 – Provincially Significant 

Wetlands, supports the provincial 

identification and evaluation of PSW features. 

c) Policy 6.1.3 – Environmentally Sensitive 

Policy Areas (ESPA), supports the regional 

designation and provides direction on EIS 

requirements. 

d) Policy 6.1.4 - Locally Significant Natural 

Areas, outlines the criteria for identifying 

LSNA locations that are shown on Map 9 

(Figure A.2.2.4). New LSNA designations 

must be an evaluated wetland or fulfill 3 of 12 

environmental criteria listed in the policy. 

e) Policy 6.1.5 - Environmental Impact 

Statements, provides a definition for the 

completion of such a statement, the criteria 

and specific requirements. The significant 

natural features where this applies are 

identified in policy 6.1.1.2, Elements of the 

Open Space System. 

f) Policy 6.2.1 – Subwatershed Studies and 

Plans, provides overall guidance for the 

completion of such studies based on 

significance and sensitivity of environmental 

features and functions, priorities for 

development and funding availability. 

g) Policy 6.2.2 – Water Resource Protection, 

discusses the implementation of the Regional 

Water Resources Strategy in relation to both 

surface and groundwater resources. 

h) Policy 6.2.3 – Flood Plain Planning, highlights 

the criteria used by the GRCA and the 

Province in determining the extent of flood 

lands, the management criteria and 

management option. 

i) Policy 6.2.4 – Watercourses, provides the 

names of and the absence or inclusion of 

watercourses in the GRCA Registered Fill 

Lines. Development restrictions are 

discussed. 

j) Policy 6.2.5 – Storm Water Management, 

provides direction and reference to the City 

adopted Policies and Guidelines. 

k) Policy 6.3 – Fish Habitat Restoration and 

Protection, describes the ecosystem 

approach used for resource management 

including fish species that support similar 

Federal and Regional policies. Reference is 

made to GRCA as the DFO delegate in 

implementing fisheries management under 

the Fisheries Act. 

l) Policy 6.4 – Vegetative Management, 

provides for the protection, preservation and 

restoration of vegetative cover. Sub policies 

related to Tree Management Policies and 

Guidelines (Policy 6.4.1), Street Trees (6.4.2), 

and Biodiversity (6.4.3) are also included 

providing direction and approaches to meet 

the stated goals. 

A 2.3  City of Cambridge Zoning By-law 
150-85, as Amended 

The City of Cambridge Zoning By-law 150-85, as amended, 

was approved by the Ontario Municipal Board on May 25, 

1987.  The study area is located within Maps B6 to B8, C6 

to C10, D8 to D10 and E8 in the City of Cambridge Zoning 

By-law.  Figure A 2.3.1 is a consolidated version of these 

maps as provided by the City of Cambridge. 

Most of the area north of Maple Grove Road is zoned A1 – 

Agricultural Use, which primarily permits farming.  Areas 

along Middle Creek and East Creek are zoned OS1 – Open 

Space, which permits a number of open space type uses 

including environmentally significant areas, conservation 

areas, and environmentally sensitive areas recognized by 

the Regional Municipality of Waterloo.  Several lots are 
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zoned RR1 Residential Use which permits rural non-farm-

related dwellings in rural areas outside settlements.  The 

area east of Fountain Street and North of Maple Grove 

Road is zoned M3 – Industrial Use which permits general 

industrial uses.  One area near the intersection of Fountain 

Street and Middle Block Road is zoned M5 Industrial Use 

which permits transport uses.  Two areas, one on 

Speedsville Road and another on Maple Grove Road, are 

zoned N1 – Institutional Use Class, which permits 

educational, government and non-profit community 

institutions, public hospitals, non-profit family crisis shelters, 

places of worship, children’s care facilities and non-profit 

service or social clubs or fraternal societies. 

The area south of Maple Grove Road is primarily a mixture 

of A1 and (E)A1 – Agricultural Use, R1 - Residential Use, 

which permits detached one-family dwellings at low density 

in areas where public water supply and sanitary sewage 

disposal facilities are not generally available, and two 

Industrial Use Classifications.  One area on the north side 

of Royal Oak Drive is M2 – Industrial Use, which permits 

general industrial uses with no outdoor storage or outdoor 

operations.  A large area on the east side of Speedsville 

Road is zoned (E)M6 – Industrial Use, which permits 

asphalt and concrete batching plants, and aggregate 

extraction.  The (E)A1 Agricultural Use zoning is found in 

several areas along Speedsville Road and Royal Oak 

Drive.  It permits aggregate extraction in addition to 

agricultural uses.  A small area at the corner of Maple 

Grove Road and Briardean Road is zoned RR1 – 

Residential Use, which permits rural non-farm related 

dwellings in rural areas outside settlements.  The corridors 

along East, Middle and West Creeks are zoned OS1 – 

Open Space. 

A 2.4  Staging of Development 

For all potential developable lands located within the City 

Urban Area of the Official Plan, City Council annually 

adopts a Staging of Development Report to identify the 

potential development areas, potential residential type and 

density, the infrastructure required to provide for the 

development and the logical sequence of development.  

The City utilizes this report for the review and allocation of 

fiscal (Capital Budget) and staffing resources.  This report 

also provides guidance to the Region, School Boards, 

Hydro Electric Commission and the development industry 

for the allocation of their physical and financial resources in 

their business planning.   

The Hespeler West Community Plan is identified within the 

Staging of Development Report and it is recognized that 

upon the completion of this Subwatershed Study that the 

community plan process would be initiated.  Upon the 

completion of the Community Plan, it is anticipated that 

property owners will be initiating the submission of planning 

applications to implement the recommendations of the 

study.  

A 2.5  Natural Heritage and Stream Policy 
Issues 

A 2.5.1  Background  

Various Federal, Provincial, Regional, Municipal agencies 

and Conservation Authorities are involved in planning 

approvals and have a broad framework of legislation 

governing land development, natural heritage and hazard 

and environmental issues in the Province of Ontario.  

Figure A 2.5.1 details some of the legislation in effect that 

controls activities within or proximate to stream systems.  It 

is not meant to suggest that this is all-encompassing but 

just the few pieces of legislation that are most commonly 
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encountered.  Further investigation, specific to the 

application, should be conducted at the Community Plan 

and Plan of Subdivision stages of the planning process.  

Three specific policies are discussed in further detail in the 

following subsections. 

A 2.5.2  Fish Habitat Policy 

The principal legislation governing fish habitat is the 

Fisheries Act.  This federal legislation states no person 

shall carry on any work or undertaking that results in the 

harmful alteration, disruption or destruction of fish habitat 

(Section 35(2)) without authorization by the Department of 

Fisheries and Oceans.  As well, no person shall deposit or 

permit the deposit of any deleterious substance into water 

frequented by fish (Section 36(3)). 

The Department of Fisheries and Oceans (1986) Policy for 

the Management of Fish Habitat has the objective of 

creating a net gain of habitat for Canada’s Fisheries 

resources.  The goals of the policy are: 

1. Maintain the current productive capacity of fish 

habitats supporting Canada’s fisheries resources, 

such that fish suitable for human consumption 

may be produced. 

2. Rehabilitate the productive capacity of fish 

habitats in selected areas where economic or 

social benefits can be achieved through the 

fisheries resource. 

3. Improve and create fish habitats in selected areas 

where the production of fisheries resources can 

be increased for the social or economic benefit of 

Canadians. 

The guiding principle of Goal 1 is the no net loss 
principle, which requires that, if the productive capacity of 

a fish habitat is reduced, a compensating increase in fish 

production must be made to occur.  The hierarchy of 

preferences for applying this principle is as follows: 

1. Maintain, without disruption, the natural productive 

capacity of habitats through re-design or 

mitigation. 

2. If the former proves impossible or impractical, then 

compensation by either creating new habitat, or by 

increasing the productive capacity of existing 

habitat will be considered. 

It should be noted that compensation may not be 

acceptable in some cases where the habitats in question 

are deemed especially important or sensitive.  It should 

also be noted that an Authorization under the Fisheries Act 

triggers the Canadian Environmental Assessment Act, so 

that screening under this Act becomes necessary.  

Activities that alter fish habitat will be subject to Fisheries 

Act approval. 

A 2.5.3  Natural Heritage System Policy  

The classification of the Speed River Floodplain as a 

Provincially Significant Wetland (PSW) means that 

approval agencies must ‘have regard for’ the provisions of 

Section 2.3 of the Provincial Policy Statement (1997) which 

states: 

“2.3.1 Natural heritage features and areas will 

 be protected from incompatible 

 development. 

a) Development and site alteration will not 

be permitted in: 

• Significant wetlands south 

and east of the Canadian 

Shield… 
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“2.3.2 Development and site alteration may be 

permitted on adjacent lands to a) and b) 

if it has been demonstrated that there will 

be no negative impacts on the natural 

features or on the ecological functions for 

which the area is identified. 

“2.3.3 The diversity of natural features in an 

area, and the natural connections 

between them should be maintained and 

improved where possible. 

“2.3.4 Nothing in policy 2.3 is intended to limit 

the ability of agricultural uses to 

continue.” 

Development permitted within PSWs is limited to 

infrastructure such as roads and servicing, which is usually 

assessed under the provisions of the Environmental 

Assessment Act.  Proposals for development on ‘adjacent 

lands’ (i.e., lands within 120 metres of the PSW) are 

subject to analysis in an Environmental Impact Statement 

(EIS) to determine whether negative impacts may occur if 

development proceeds, and to provide standards and 

strategies for the avoidance of impacts.  With respect to the 

120 metres ‘adjacent lands’ threshold identified in the 

Natural Heritage Manual (MNR 1999), this study has 

documented and analyzed the functions, attributes and 

linkages within the landscape of the subwatersheds in 

order to prescribe protection and enhancement measures 

that will apply as projected land use changes occur. 

The majority of the Natural Heritage System in the 

subwatershed has previously been identified as Locally 

Significant Natural Areas (LSNA) as shown on Map 9 in the 

City of Cambridge Official Plan (Figure A 2.2.4).  Section 

6.1.4 of the Official Plan indicates that it is the policy of the 

City to preserve, protect and enhance all LSNAs, and any 

permitted development within or adjacent to an LSNA must 

have regard for the preservation and enhancement of the 

LSNA. 

A Comprehensive EIS, as represented by the present 

study, must result in the final determination of areas where 

development is prohibited and areas where development 

may occur subject to certain impact mitigation methods.  

Buffers or setbacks to minimize impacts must also be 

provided by the EIS.  The scope of Provincial, Regional 

and City policies also requires consideration of 

enhancements to habitats and functions to ensure 

sustainability in a changing landscape.  Any alteration of 

the recommended approach will require more substantive 

study of particular factors and functions in the areas in 

question. 

A 2.5.4  Water Resource Policy  

Approval agencies must ‘have regard for’ the provisions of 

Section 2.4 of the Provincial Policy Statement (1997) which 

state: 

“2.4  Water Quality & Quantity 

2.4.1 The quality and quantity of groundwater and 

surfacewater and the function of sensitive 

groundwater recharge/discharge areas, aquifers 

and headwaters will be protected or enhanced.” 

The result of this study must provide insight into the stated 

functions of groundwater recharge/discharge areas.  These 

results also comply with Regional and City land use 

policies. 

A 2.5.5  Natural Hazard System Policy  

Approval agencies must ‘have regard for’ the provisions of 

Section 2.4 and 3.1 of the Provincial Policy Statement 

(1997) which state: 
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“2.4 Water Quality & Quantity 

“2.4.1 The quality and quantity of groundwater 

and surfacewater and the function of 

sensitive groundwater recharge/ 

discharge areas, aquifers and 

headwaters will be protected or 

enhanced.” 

“3. Public Health & Safety 

“3.1 Natural Hazards 

3.1.1 Development will generally be directed to 

areas outside of:…” 

“b) hazardous lands adjacent to river 

and stream systems which are 

impacted by flooding and/or erosion 

hazards; and…” 

“3.1.2 Development and Site Alteration will not 

 be permitted within:…” 

“c) a “floodway” (except in those 

exceptional situations where a 

Special Policy Area has been 

approved). 

“3.1.3 Except as provided in policy 3.1.2, 

development and site alteration may be 

permitted in hazardous lands and 

hazardous sites, provided that all of the 

following can be achieved: 

a) the hazards can be safely addressed, and the 

development and site alteration is carried out 

in accordance with established standards and 

procedures; 

b) new hazards are not created and existing 

hazards are not aggravated; 

c) no adverse environmental impacts will result; 

d) vehicles and people have a way of safely 

entering and exiting the area during times of 

flooding, erosion, and other emergencies; and 

e) the development does not include institutional 

uses or essential emergency services or the 

disposal, manufacture, treatment or storage 

of hazardous substances.” 

A 2.5.6  Conservation Authority Policies  

Conservation Authorities are unique in their role of 

managing water and natural resources on a watershed 

basis.  Under the Conservation Authorities Act, the GRCA 

establishes and undertakes “programs designed to further 

the conservation, restoration, development and 

management of natural resources other than gas, oil, coal 

and minerals.”  (Conservation Authorities Act, RSO 1990, 

c. 27, s. 20.)  The GRCA works closely with its member 

municipalities to implement programs that improve water 

quality, maintain water supply, reduce flood damages, 

protect natural areas, educate the public and provide 

recreational opportunities. Two programs of note are the 

administration of the Fill, Construction and Alteration to 

Waterways Regulation and municipal plan input and 

review.  

Under the Fill, Construction and Alteration to Waterways 

Regulation, permission must be obtained from the GRCA 

to: 

• Construct any building or structure or permit any 

building or building to be constructed in a pond, 

swamp or in any area susceptible to flooding during a 

regional storm; 
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• Place or dump fill or permit fill to be placed or dumped 

in the areas described in Schedules whether such fill is 

already located in or upon such area, or brought to or 

on such area from some other place or places; or 

• Straighten, change, divert, or interfere in any way with 

the existing channel or river, creek, stream or 

watercourse. (Ontario Regulation 149 as amended by 

69/93, 669/94 and 142/98). 

Permission may be granted by the GRCA if it can be shown 

that the proposed work will not affect the control of flooding 

or pollution or the conservation of land.  Decisions on such 

activities are made in keeping with the Provincial Policy 

Statement.  This regulation therefore provides an effective 

mechanism for managing Natural Hazards and Natural 

Heritage features. 

The tools used to define areas regulated by the GRCA 

include Floodplain Mapping and Fill Line or Scheduled 

Area Mapping. Within the Hespeler West Area the GRCA 

has a registered Scheduled Area for the Speed River and 

its tributaries as well as Floodplain Mapping on the Speed 

River.  This study will also generate additional floodplain 

mapping information that will assist in the administration of 

the regulation. 

The Conservation Authority also has a role under the 

Planning Act with plan input and review.  The GRCA is the 

lead commenting agency for natural hazards including 

floodplains, Great Lakes Shorelines, steep slopes and 

unstable soils, making sure that municipal policy 

documents and development proposals have regard to 

Section 3.1 of the Provincial Policy Statement.  The 

Ministry of Natural Resources delegated this responsibility 

to the GRCA in 1995.  The GRCA also provides planning 

advisory services to municipalities under Memoranda of 

Agreement. Through this service the GRCA provides 

comments on the potential environmental impacts of a 

specific development proposal as well as advice on how 

the impacts can be avoided or reduced. Natural Heritage 

issues as well as Natural Hazard issues are addressed 

under this service  

To support these programs, the GRCA has recently 

adopted a draft Wetlands Policy that expands on the 

Provincial minimum criteria for wetland protection. A 120-

metre area of interest surrounding all wetlands has been 

proposed in which detailed studies will be required prior to 

any development taking place.  Although finalization is not 

anticipated until Fall 2002, the intent is that this policy will 

eventually form the basis for municipal adoption and 

subsequent Official Plan amendments. 

A 3.0  EXISTING INFRASTRUCTURE 

The drainage area for the Hespeler West subwatersheds 

covers approximately 990 ha agricultural, open space, 

industrial, rural and suburban residential land and is 

generally bounded by the Speed River on the south, 

Beaverdale Road on the east, Kossuth Road on the north 

and Fountain Street on the west.  The following is a brief 

description of the infrastructure that exists in the study 

area.  More information will be obtained during the detailed 

study phase. 

A 3.1  Sanitary Sewers 

Sanitary drainage is supplied to the Toyota plant and the 

industrial subdivision northeast of the intersection of Maple 

Grove Road and Fountain Street.  A 27 in. diameter 

sanitary sewer extends north along Fountain Street from 

Preston to Maple Grove Road where another sewer 

extends eastward along Maple Grove Road to Boxwood 

Drive (see Figure A 3.1.1)  Automation Tooling Systems 

Inc. is located on the north side of Royal Oak Road.  Water 

is supplied by a private well and sewage is pumped via a 
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private line to an 18 in. city sewer that extends a short 

distance eastward (from the Fountain Street Sewer) on 

Cherry Blossom Road.  Arriscraft Corporation is a large 

masonry product industry on Speedsville Road.  They 

supply their own water and sewer services, as there are no 

city services on Speedsville Road north of Highway 401. 

A 3.2  Water Supply and Distribution 

Currently, a residential subdivision along Beaverdale Road 

is supplied with municipal water via an 8 in. diameter 

watermain that exists along Beaverdale Road coming from 

Hespeler.  The Toyota plant and the industrial subdivision 

northeast of the intersection of Maple Grove Road and 

Fountain Street are serviced with municipal water via an 18 

in. diameter watermain that extends north from Preston 

along Fountain Street.  A subdivision just north of Allendale 

Road is also serviced by a 300 mm diameter watermain 

that extends north of Maple Grove Road along Fountain 

Street.  A 600 mm diameter watermain exists along Maple 

Grove Road to the west of Fountain Street, joining the 

aforementioned watermain at Fountain Street.  From the 

same intersection (Fountain Street and Maple Grove Road) 

a 450 mm diameter trunk watermain has recently been 

installed along Maple Grove Road eastward to Beaverdale 

Road (see Figure A 3.2.1). 

A 3.3  Stormwater Drainage System 

Stormwater sewers exist along Maple Grove Road from the 

intersection of Maple Grove Road and Boxwood Drive 

westward In addition, there are storm sewers along 

Boxwood which drain the remnant portion of West Creek 

subwatershed north of Maple Grove Road and there is a 

Municipal Drain, formally known as the Hunsperger Drain, 

located on portions of Middle Creek (see Figure A 3.3.1).   

A 4.0  PUBLIC PARTICIPATION 

The subwatershed planning processes require public 

consultation to ensure that all watershed, resident and 

stakeholder needs are incorporated into the study.  The 

Hespeler West Subwatersheds Study included a full 

complement of public contact points to ensure that the 

study results and management alternatives were properly 

discussed and disseminated. The following key public 

contact points are noted and the corresponding 

advertisements and press articles are presented in 

Appendix B (Public Consultation): 

1. On October 23, 2001, the Consultant Team, the 

Steering Committee and members of the 

Cambridge Environmental Advisory Committee 

(Hespeler West Subwatersheds Study 

Subcommittee) toured the study area. 

2. The first Public Open House was held November 

7, 2001 at the École Secondaire Père-René-de-

Galinée (the new French High School).  Notice of 

the meeting was published in the Record and local 

papers. Notices were also sent to individuals, land 

owners and interested public.  Approximately 20 

people attended the Open House where the study 

process was described and preliminary 

background material presented. 

3. Subsequently, the first Community Workshop was 

held to discuss preliminary background 

information of the project on November 29, 2001 

at the École Secondaire Père-René-de-Galinée.  

Notice of the meeting was published in the Record 

and local papers and flyers were direct mailed. 

Approximately 38 people attended the Workshop 

where consultants presented their part of the 

background study and information and visioning 

ideas were gathered from the public.  In order to 

achieve more participation, three breakout groups 
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were formed such that each discussed a different 

subwatershed.  Participants chose their group 

according to the watershed that was of greatest 

interest to them.  The groups discussed four key 

questions to guide the group in providing 

information, raising issues in the watershed and 

discussing visions for the future.  The groups then 

reassembled and presented their results to 

everyone.  The workshop ended with a general 

question period. 

4. The second Community Workshop was held at the 

École Secondaire Père-René-de-Galinée on June 

26, 2002.  Notice of the meeting was published in 

the Record and local papers and flyers were direct 

mailed.  Approximately 30 people attended the 

Workshop where the Study Team presented the 

results and alternatives.  The purpose was to 

discuss the results of the detailed studies and the 

various management alternatives.  In order to 

achieve more participation, group discussion 

focused on the management alternatives and their 

visions for the various subwatersheds.  The group 

discussed three key questions: 

1. Are the Management Alternatives complete? 

2. Do the Management Alternatives meet the Goals 

and Objectives of the Study?  Do any of the others 

meet these G&O? 

3. What is the preferred Management Alternative 

(i.e., what is the vision for the watershed)? 

The workshop ended with an excellent discussion and 

a general question period. 

5. Lastly, a second Public Open House was held on 

September 12, 2002 to present the Preferred 

Management Plan.  Approximately 25 people 

attended the Open House to view the displays and 

ask questions. 

6. A unique component of the study was a ½ day 

field trip with students of Jacob Hespeler 

Secondary School.  Key members of the 

Consultant Team introduced the Environmental 

Studies students to a variety of concepts and 

practical applications of field assessments in 

stream morphology, aquatic species assessment, 

wetland species identification and habitat 

delineation, and stream flow.  The field trip was 

very successful and students were further 

informed of the Hespeler West Subwatersheds 

Study process and goals.  (Note:  due to school 

programming issues, this is scheduled for October 

7th, 2002.) 

To assist in the dissemination of information to 

stakeholders, notices of the Public Meetings were also 

published on the PEIL website. Background material was 

also placed on the PEIL website.  Eventually the draft and 

final document was placed on the PEIL website. 

A 5.0  ISSUES AND OBJECTIVES 

As a result of public consultation, agency comments and 

the investigations by the Study Team, the following issues 

have been identified for the Hespeler West subwatersheds 

and are to be addressed during the course of the study: 

a) Watercourse erosion potential. 

b) Fish Habitat:  Status, potential, and management 

objectives (per the Grand River Fisheries 

Management Plan). 

c) Bridges, Dams and Ponds:  Impact on Fish 

Habitat, current state of repair, long-term 

recommendations. 

d) Municipal Drains:  Location and status of any 

existing municipal drains. 
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e) Wellhead Protection:  Implications on water quality 

and quantity from infiltrated stormwater runoff from 

development. 

f) Natural Habitat Network:  Elements of a Natural 

Habitat Network as per the Regional Official 

Policies Plan. 

g) Woodlots:  Protection of woodlots and vegetation 

management strategies. 

h) Wetland Protection – headwaters of Middle and 

East Creeks have been evaluated by MNR to be 

locally significant.  There are several unevaluated 

wetlands in the West Creek watershed. 

i) Potential trail linkages (within the subwatershed 

and beyond) and interconnection of natural areas. 

j) Agricultural land classification and consideration 

for the lands north of the Urban Boundary. 

As a result, the study will need to address: 

1. The goal of the Hespeler West Subwatersheds 

Study (Section A 1.2); 

2. General objectives laid out in provincial 

documents with respect to subwatershed study 

contents (Section A 1.5); and 

3. The issues raised by the public (Section A4.0), 

agencies and the consultant team. 

In achieving the above three items, the objectives of the 

Hespeler West Subwatersheds Study are: 

OBJECTIVE 1  - AQUATIC RESOURCES 
 
Objective 1.1  
To identify protect, maintain and enhance aquatic resources. 
 
Objective 1.2 
To determine the impact of bridges, dams and ponds on fish 
habitat. 
 
Objective 1.3 
To determine the status, potential, and management 
objectives of East, Middle and West Creeks in accordance 
with the Grand River Fish Habitat Management Plan. 
 

OBJECTIVE 2 – TERRESTRIAL RESOURCES 
 
Objective 2.1 
To identify protect, maintain and enhance terrestrial 
resources. 
 
Objective 2.2 
To identify, protect and manage Provincially Significant 
Wetlands, Environmental Preservation Areas, Environmentally 
Sensitive Policy Areas, Locally Significant Natural Areas, and 
Regionally Significant Natural Corridors. 
 
Objective 2.3 
To confirm wetland boundaries and the status of wetlands in 
the subwatersheds. 

 
Objective 2.4 
To assess and provide recommendations for future 
management of the agricultural lands within the 
subwatersheds. 
 
 
Objective 2.5 
To determine a preferred Natural Habitat Network and the 
elements of a Natural Habitat Network as per the Regional 
Official Policies Plan. 
 
Objective 2.6 
To determine appropriate woodlot and vegetation 
management strategies. 
 
OBJECTIVE 3 - NATURAL HAZARDS 
 
Objective 3.1 
To minimize the risk to life and property due to flooding and 
erosion. 
 
OBJECTIVE 4 - SURFACEWATER RESOURCES 
 
Objective 4.1 
To preserve natural hydrological systems. 

 
Objective 4.2 
To protect and manage surfacewater quality and quantity in 
order to ensure the future ability of Regional water-taking 
requirements and maintain the assimilative capacity of 
downstream wastewater treatment plants. 
 
OBJECTIVE 5 - GROUNDWATER RESOURCES 
 
Objective 5.1 
To preserve natural hydrogeological systems. 
 
Objective 5.2 
To protect and manage the quantity and quality of 
groundwater resources. 
 
Objective 5.3 
To determine the implications on water quality and quantity 
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from infiltrated stormwater runoff from development. 
 
OBJECTIVE 6 - THE RURAL AND URBAN ENVIRONMENT 
 
Objective 6.1 
To develop an ecosystem-based approach to land use 
planning and resource management in the subwatershed. 
 
Objective 6.2 
To produce an implementation and monitoring plan to guide 
future development in the subwatershed.  
 
Objective 6.3 
To determine and address the implication of development 
opportunities on the provision of infrastructure. 
 
Objective 6.4 
To determine the appropriate buffers from development and 
between development zones. 

 

The Hespeler West Study area is an urbanizing portion of 

the City of Cambridge.  This evolution of the landscape has 

transformed, and is transforming, parts of the 

subwatershed from primarily a forested landscape into: an 

agricultural landscape, an industrial setting, and parts to 

rural residential and hamlet settlements. These landscapes 

and associated development activities have impacted on 

various components of the subwatershed watercourses 

described as the West, Middle and East Creeks. 

The Hespeler West subwatersheds comprise the East 

Creek, Middle Creek and West Creek which drain directly 

to the Speed River in the north part of the City of 

Cambridge.   

The Hespeler West subwatersheds consist of 

approximately 60% sand and gravel, which is highly 

permeable.  Rainfall on these areas contributes to 

groundwater recharge and baseflow within the 

subwatershed. 

East Creek was impacted by the construction of Regional 

Road #24 that transects the historical course of the creek 

near the outlet into the Speed River.   To accommodate the 

new alignment of Regional Road #24, a downstream 

portion of the creek was relocated to the west and 

channelized along the bottom of the roadway berm.  

Upstream, local residents have artificially constructed a 

channel through the wetland south of Mohawk Road.  The 

original channel was likely to the south of Maple Grove 

Road.  Throughout the East Creek subwatershed, drop 

structures and perched culverts associated with local roads 

create channel obstructions, especially to fish migration.  

Development in the subwatershed has been less intense 

than for West or Middle Creeks, with approximately 7% 

impervious areas at present.  About 22% wooded area 

remains, while the rest of the watershed is used primarily 

for agriculture. 

Currently, East Creek originates just north of Mohawk Road 

from two small branches, one of which begins at the 

University of Guelph irrigation pond.  East Creek (2.8 km 

long) drains an area of approximately 160 ha. 

Middle Creek was originally known as the Hunsperger 

Municipal Drain, which was constructed in approximately 

1949. The construction, which occurred in stages, involved 

the excavation of a channel between Middle Block Road 

(upstream) and Briardean Road (downstream) through a 

wet area where no defined channel had previously existed 

(see Figure A 3.3.1).  A significant portion of this channel 

was routed along Maple Grove Road as a roadside ditch.  

More recently, the reconstruction of Maple Grove Road 

involved relocating the portion of the ditch east of 

Speedsville Road to the south to accommodate the new 

roadway alignment.  Development in the Middle Creek 

subwatershed has resulted in approximately 17% 

impervious coverage, while 18% remains wooded.  The 

remainder of the subwatershed area is primarily 

agricultural.  

A 6.0  DESCRIPTION OF STUDY AREA 
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Currently, Middle Creek is the longest creek (5.4 km in 

length), originating to the north of Middle Block Road just 

east of Fountain Street.  Its two branches converge before 

flowing under Middle Block Road.  Middle Creek drains by 

far the largest area of the three creeks with a total 

catchment area of approximately 585 ha.   

West Creek was impacted by the construction of the 

Toyota Manufacturing Facility between 1986 and 1988 that 

re-routed surfacewater around the property in roadside 

ditches and pipes along Maple Grove Road and Boxwood 

Drive. The original watershed was altered and runoff from 

the site now drains to the southwest through Riverside 

Park.  A significant portion of the watershed area upstream 

of the Toyota site was diverted south to Riverside Park.  

The remaining upstream contributing area consists of 

portions of the Loblaws industrial site and the entire 

Seaforth Creamery industrial site, which drain through 

underground pipes that outlet at the origin of the existing 

creek along Boxwood Road.  Past in-stream modifications 

to West Creek include the construction by a resident of a 

small dam and drop structure immediately upstream of 

Royal Oak Drive, and construction of a dam immediately 

downstream of Royal Oak Road to create a ponding area.  

The dates that these modifications were performed are 

unknown.  Overall, approximately 25% of the West Creek 

subwatershed area has become impervious (roads, 

buildings, parking lots, etc.) as a result of industrial and 

residential development.  13% of the subwatershed area 

remains wooded and the remainder consists of agricultural 

area and wetlands. 

Currently, West Creek (1.3 km in length) originates at 

Boxwood Drive next to the Toyota Manufacturing facility at 

the terminus of the storm sewer system.  West Creek 

drains an area of 151 ha. 

The total subwatershed area for the three creeks is 

approximately 896 ha.  In addition, 94 ha drains directly to 

the Speed River.  The entire study area is 990 ha. 
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B 1.0  HYDROGEOLOGY 

B 1.1  Introduction 

One of the important objectives of this subwatershed study 

is the characterization of the groundwater flow regime 

within the subwatershed.  It sustains the surfacewater and 

wetland environments and its susceptibility to impact by 

land change associated with development represents a key 

constraint when considering future development scenarios. 

B 1.1.1  The Water Cycle 

A general overview of the hydrologic cycle provides a basic 

understanding of the physical processes that characterize 

the streamflow in the Hespeler West subwatersheds.  

Figure B 1.1.1 illustrates each part of the hydrologic cycle.  

The hydrologic cycle is the cycle of water movement 

through the earth-atmosphere system, initiated through the 

collection of water vapour by evaporation and transpiration 

from water and land surfaces (including vegetation), which 

is released into the atmosphere (clouds), condenses and is 

deposited on land by precipitation.  When the precipitation 

reaches the ground it is stored on the surface (e.g., lakes), 

at depth (groundwater) or is evaporated or transpired to 

repeat the next cycle. 

The hydrologic cycle begins with rain or snow 

(precipitation) falling to the ground.  The amount and rate of 

precipitation that actually arrives at the ground surface is 

controlled by the prevailing weather system that generated 

the precipitation on a regional scale.  At the more localized 

scale, topography and land use cover influence the actual 

precipitation amounts arriving at the ground surface.  

This water (as rain, snowmelt or both) either runs off across 

the ground surface directly to a surfacewater course, 

infiltrates (percolates) into the ground to recharge 

groundwater storage or goes back to the atmosphere by 

evapotranspiration.  The amount of water that actually 

infiltrates is controlled by the rate of precipitation input 

(rainfall or snowmelt), soil type (e.g., clay, silt, sand or 

gravel), ground surface conditions (e.g., frozen, cracking) 

and vegetative cover (e.g., pasture, forests).  In some 

areas, the surface topography (e.g., hummocky ground) 

has created large depressions, which require several 

metres of water to pond before overland flow occurs.  

Consequently, water in these depressions either percolates 

downward and contributes to groundwater and subsurface 

storage or evaporates back to the atmosphere.   

Runoff water collects in stream channels that lead to larger 

channels or discharge to ponds, wetlands or lakes.  While 

in these ponds or lakes, part of this water returns to the 

atmosphere by evaporation, or it may percolate into the 

ground, or spill to downstream channels.  The travel time of 

flow in these stream channels is governed by the length, 

slope, roughness and cross-sectional shape of these 

channels.  If the flow is high and fast enough, water may 

overtop the channel banks, flooding the adjacent land area. 

Anywhere along the length of these stream channels, 

discharge from groundwater storage (either regional, 

localized, or interflow) can contribute to the flow in the 

channel.  These groundwater contributions to streamflow 

are governed by the surrounding topography, surficial 

geology and bedrock geology. 

Watershed conditions and human activities have a 

significant effect on flows in a stream.  These stream flows 

come from runoff, the ground surface and from the ground 

(i.e., springs, discharge areas, and other upwelling areas).  

The surface runoff determines flow conditions during 

storms or snowmelt, and the groundwater flows largely 

control stream flow during dry periods.  Wetland areas can 

hold back flows and in many cases can contribute to low 

flows.  Clearing land and paving these areas will increase 
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flows during storm events.  Work in a stream, such as the 

addition of storm sewers or concrete channels, will speed 

up flows and increase peak flows.  Storage areas such as 

ponds or reservoirs will hold water flows and reduce peak 

flows.  

Precipitation falling within the subwatershed also 

contributes to the recharge of the overburden and bedrock 

aquifers and to baseflow of the creeks and related wetland 

areas.  Continued groundwater recharge is an important 

component in sustaining the health of the surfacewater 

environment within the study and possibly also for the 

important coldwater fishery in the adjacent Chilligo Creek 

subwatershed.  Groundwater seepage is the principal 

contributor to "base flow" in stream and rivers, and this 

base flow is typically the only reliable source of flow during 

warm dry periods when small streams are under their 

greatest ecological stress.  Impact on groundwater 

resources either in terms of quantity or quality can 

therefore have a significant impact on surfacewater 

resources, the general ecological environment in the 

subwatershed and groundwater resources.    

B 1.1.2  Information Sources 

The hydrogeological component of the subwatershed study 

involved the compilation and review of available information 

regarding the geology, hydrogeology, and general physical 

characteristics of the study area.  Published information 

was further augmented by the drilling of boreholes, 

monitoring wells and test pits, and by selected field surveys 

to locate wells, view natural and artificial soil exposures, 

view streams under base flow conditions, and to 

independently verify information obtained from third party 

sources. 

An important information source was the computerized 

data base of water well records maintained by the Ontario 

Ministry of the Environment, from records that well drillers 

are required to submit including drilling locations, soil types, 

well construction details, and hydraulic test information.  A 

total of 534 Well Records (refer to Figure B 1.1.2) for wells 

within the subwatershed and peripheral areas were 

obtained and reviewed.  Analysis of these records forms 

the basis for much of the geological interpretation prepared 

for this study, particularly with respect to the buried bedrock 

topography and deeper overburden deposits.  Other 

information sources included: 

• 1:50,000 scale NTS mapping; 

• hydrogeological maps prepared by the Grand 

River Conservation Authority; 

• 1:10,000 scale Ontario base mapping; 

• aerial photographs for the subwatershed; 

• geological reports and maps from the Ontario 

Geological Survey; 

• engineering reports from local consulting 

engineers; and, 

• borehole and well records from previous Naylor 

Engineering investigations within or adjacent to 

the study area. 

The Grand River Conservation Authority (GRCA) has 

carried out a considerable amount of groundwater research 

and mapping.  The GRCA's work involved the compilation 

and consolidation of the existing geological mapping, 

updating the MOE's water well record database and the 

preparation of thematic and summary maps.  Much of the 

information provided in this study was obtained from or 

modified from prior work by the GRCA, which plays a key 

role as a custodian of groundwater and surfacewater data 

within the Grand River basin.   
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B 1.2  Field Investigation 

B 1.2.1  Exploratory Tests Drilling/Monitoring 
Well Installation 

A program of test drilling was carried out within the 

subwatershed to better define the geological conditions 

with particular emphasis on infiltration capability and the 

extent and characteristics of the principal aquifers and 

confining aquifers.  Fieldwork for this component of the 

investigation was conducted in January and February, 

2002 and involved installation of eight monitoring wells, fifty 

shallow boreholes, thirteen mini piezometers, and three 

drive point piezometers at the locations shown on Figure B 

1.2.1.  Boreholes were carried to depths between 0.9 and 

7.9 metres below existing grade using a track mounted 

CME 55 drill rig owned and operated by Naylor Engineering 

Associates Ltd.  The borehole and test well locations were 

chosen based on a review of published geological mapping 

and previous exploratory drilling in the area.  Prior to 

drilling, local utilities were contacted in order to identify any 

buried services near the boring locations.  Agencies 

contacted included telephone, electrical utilities, natural gas 

and cable. 

 

Figure B 1.1.1 Generic Illustration of the Hydrologic Cycle 
Source: Canadian Manuscript Report Fisheries and Aquatic Sciences 2284, Department of Fisheries and Oceans 1995 
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Soil samples were recovered at regular intervals during the 

drilling operations using the Standard Penetration Test 

method.  Soil samples from each split barrel sampler were 

subdivided into two sub-samples for moisture content 

determination and detailed visual classification and 

laboratory testing respectively.  The information from the 

field logs is summarized on the appended individual 

borehole logs included with this report as Appendix C1.  

Monitoring wells were installed in selected boreholes upon 

completion of drilling in order to provide geological 

characterization and groundwater level information over 

key areas of the subwatershed.   Each monitoring well was 

constructed using pre-cleaned flush-threaded 50 mm 

diameter Schedule 40 PVC pipe with rubber O-ring seals to 

prevent leakage at the riser pipe joints.  Monitoring well 

screens comprised 1.5 to 3.0-metre lengths of Number 10 

slot well screen.  The wells were installed by inserting the 

screen and pipe into the hollow stem of the augers, then 

pulling back the augers while adding silica sand to pack the 

screen in place.  The sand filter material was added until 

the level of sand was approximately 0.6 metres above the 

top of the screen.  A bentonite seal approximately 0.5 

metres thick was then placed on top of the sand pack to 

prevent infiltration of surfacewater and the remainder of the 

borehole was backfilled with native drill cuttings to the 

ground surface.  The top of the riser pipe was vented to 

allow accurate measurement of stabilized groundwater 

levels.   

Sixteen (16) mini-piezometers or drive point piezometers 

were installed within the study area in order to identify 

which areas act as groundwater recharge zones or which 

gain from the influx of groundwater seepage.  Mini-

piezometers 1 through 7 and drive point piezometer 2 were 

installed along Middle Creek; Mini-piezometers 8 through 

11 and drive point piezometers 2 and 3 were installed 

along East Creek; and, Mini-piezometers 12 and13 were 

installed along West Creek. 

B 1.2.2 Water Level Monitoring 

Water levels were measured at monitoring well locations on 

several occasions in order to determine the stabilized 

groundwater levels.  Water level monitoring was carried out 

using a Solinst water level tape accurate to ±0.5 cm 

equipped with an audible indicator while standpipe 

measurements were collected with a battery operated co-

axial cable unit.  The measured groundwater levels are 

shown on the individual borehole logs in Appendix C1. 

The manually obtained water level measurements were 

augmented by the installation of pressure dataloggers in 

Boreholes (BH) 1, 3, 5, 8, and drive point Piezometers (DP) 

1 to 3. The boreholes were instrumented with Solinst M5 

Leveloggers while the drive point piezometers were 

equipped with Solinst Ml.5 Barologgers that also record 

water temperature.   The location of the dataloggers is 

shown on Figure B 1.2.2. 

 

 

B 1.2.3  Hydraulic Conductivity 

Hydraulic conductivity (the rate that water moves through a 

porous medium under a potential energy gradient) was 

estimated for the shallow overburden soils using Hazen's 

BH1

BH8

DP1

DP3

BH3
BH5

DP2

Figure B 1.2.2  Datalogger Locations 
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technique based on grain size gradation curves obtained 

from soil samples collected during this investigation.  

Hazen's method is described by the following equation: 

K = A(d10)2  

  where: 

 K = hydraulic conductivity of the tested material 
      (cm/s) 
 d10 =   grain-size diameter (mm) at which 10% by 
      weight of soil particles are finer (percent  

      passing) and 90% are coarser  
      (percent  retained) 

A      =   coefficient equal to 1.0 when K is in cm/s  
       and d10 is in mm 
 

Though originally developed for use with normally graded 

sands, Hazen's method can provide a rough but useful 

approximation for most soils in the fine sand to gravel 

range.  The method is somewhat less accurate for fine-

textured soils such as clayey silt and silty clay where 

fracture permeability dominates over porous flow.   

B 1.2.4  Physical Testing 

All soil samples taken during the investigations were 

returned to Naylor Engineering Associates laboratories for 

moisture content determination and detailed visual 

classification.  The results of the moisture content 

information are plotted on the appended monitoring well 

and borehole logs.  Additional geotechnical laboratory tests 

were carried out on selected samples of the principal 

subsurface soil types in order to allow estimation of their 

physical hydrological properties.  Physical testing included 

six (6) particle size distribution analyses; and a number of 

field permeability tests.   

The results of this physical testing are discussed in the relevant 

sections of this report while the specific laboratory test results 

are provided in Appendix C2. 

B 1.2.5  Water Sampling and Analysis 

Geochemical characteristics of groundwater within the 

study area were determined through a program of spatially 

distributed sampling and chemical analysis.  Samples of 

groundwater were collected from the wells following 

development and purging to ensure that the sample was 

representative of the groundwater source. 

Water samples have been obtained from the monitoring 

wells installed in Boreholes 1 through 8 and from 

surfacewater adjacent to the locations of drive point 

piezometers 1 to 3.  The samples were submitted to 

Enviro-Test Laboratories (Sentinel Division) and analyzed 

for a comprehensive list of general chemistry parameters 

and metals including calcium, magnesium, chloride, nitrate, 

sulfate, and alkalinity (expressed as equivalent calcium 

carbonate).  Parameters for analysis were chosen either to 

serve as indicators of the natural chemical evolution of the 

groundwater, or to identify potential inorganic contaminants 

and their spatial distribution within the subwatershed.  The 

results of this testing are further discussed in this report 

while the laboratory Certificates of Analysis are provided in 

Appendix C3. 

B 1.3  Geological Setting 

The geology of the study area profoundly influences the 

more dynamic processes of hydrology and ecology as well 

as controlling the topography of the land and the shape, 

gradient, and flow characteristics of the streams that flow 

across it.  Geology also affects the quantity and chemical 

character of groundwater and provides the source material 

for stream sediment and the soils which support the varied 

woodlands, wetlands and agricultural crops that grow 

across the area.   The physical form and behaviour of 

natural systems varies from place to place due to 

differences in geology, topography, climate and other 
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factors.  Understanding the geological setting of the study 

area is therefore a prerequisite to understanding the other 

natural systems and necessary to adequately predict 

developmental impacts and to identify appropriate 

mitigative measures.  

B 1.3.1  Physiography and Drainage 

The subwatershed area is located within the eastern edge 

of the physiographic region described by Chapman and 

Putnam (1984) as the Waterloo Hills.  The surficial deposits 

within the area are primarily ice-contact and outwash 

deposits of the Grand River and Speed River valley 

spillways separated by till plain.  Outwash alluvial deposits 

of silt, sand, and gravel were laid down locally by meltwater 

during deglaciation of the area and organic soils occur 

within low-lying or poorly drained areas.  The Quaternary 

Geology Map of the Cambridge Area (Ontario Geological 

Survey Map 2508) shows that the subwatersheds are 

underlain by glaciolacustrine and outwash sands over a 

majority of the area with deposits of the sandy silt Port 

Stanley Till present in the upland areas beneath sand 

deposits or as the surficial soil. 

The topography of the study area is characterized by a 

relatively level upland area north of Maple Grove Road 

from which the land falls away toward the floodplain of the 

Speed River valley.  Ground surface elevations range from 

325 metres above sea level (masl) in the north portion of 

the study area to a low of approximately 280 masl along 

the banks of the Speed River. 

B 1.3.2  Overburden Geology 

Continental ice sheets have scoured the ground surface of 

southern Ontario eroding or filling in earlier features such 

as rivers and lakes.  The ice sheets left behind a variety of 

deposits including glacial till, and melt out deposits ranging 

from sand and gravel to fine silts and clay.  The pattern of 

erosion and deposition was repeated through successive 

glacial periods. 

The most recent episode of glacial activity, known as the 

Wisconsinan stadial (period of glacial advance), deposited 

very dense sandy silt till known as the Catfish Creek till.  

Subsequent advances and retreats of the glacial ice 

deposited the more recent Maryhill and Port Stanley Tills 

and a variety of glaciolacustrine and glaciofluvial deposits.  

Since the final retreat of glacial ice from the area, 

geological activity has been limited to incision of modern 

stream valleys, the deposition of alluvial sediments, and the 

deposition of organic materials in wetland and bog areas.  

Figure B 1.3.1 shows the surficial geology within the study 

area.     

The soil conditions in exploratory boreholes drilled as part 

of this study, MOE Water Well records, and previous 

geotechnical studies have been used to construct the 

geological cross sections shown on Figures B 1.3.2 and B 

1.3.3.  The locations are shown on Figure B 1.3.4.  

Different geological units are described in the following 

subsections: 

B 1.3.2.1 Catfish Creek Till 

Catfish Creek Till was originally described and named by 

Devries and Dreimanis (1971) from exposures on the north 

shore of Lake Erie.  The till is a stony to bouldery, 

extremely dense, sandy silt till that typically ranges 

between 3 to 10 metres in thickness.  Where unweathered, 

it is a light grey to greyish brown colour turning to a 

yellowish brown where weathered and oxidized.  Catfish 

Creek till is described by Karrow (1987 and 1993) as a 

stony sandy silt till, with little matrix clay content. 

Catfish Creek Till is not exposed on the ground surface 

within the study area but it is exposed in the Grand River 
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Figure B 1.3.5  
Stratigraphic section from the Grand River Valley 
at Homer Watson Park (White, O. L.; Karrow,  
P. F. 1999) 

valley to the north and it is likely present beneath a thin 

mantle of outwash sand and gravel along the southern 

Portion of the study area where erosion has removed the 

more recent strata.  Figure B 1.3.5 shows the stratigraphic 

position of the Catfish Creek Till based on an erosional 

section in the nearby Homer Watson Park in Kitchener.  

Catfish Creek Till is similar in texture and appearance to 

the younger Port Stanley Till and the two are often 

mistaken where the geologic context is lacking.  It is likely 

that the dense silt till encountered at depth at the Toyota 

Plant and along the proposed Fairway Road extension to 

the north of the study area is Catfish Creek Till. 

B 1.3.2.2  Maryhill Till 

Maryhill Till is a fine textured silty clay till discontinuously 

present between the older Catfish Creek Till and the 

younger Port Stanley Till.  Where present, the contrast in 

texture between the clay-rich Maryhill Till and the coarser 

textured Port Stanley and Catfish Creek Tills makes the 

Maryhill Till a valuable stratigraphic marker for geological 

interpretation. 

Maryhill Till does not outcrop within the study area but, like 

Catfish Creek Till, it is exposed in the Grand River valley 

and is widely present in the subsurface.  Photograph B1 

shows the contact between Maryhill Till and the overlying 

Port Stanley Till in a soil sample from Borehole 2. 

B 1.3.2.3 Port Stanley Till 

Port Stanley Till is encountered in the subsurface along the 

western limit of the study area.  It is a hard sandy silt-

textured till with some trace clay and occasional cobbles 

and boulders.  Grain size distribution testing completed by 

Karrow (1993) reveals an average clay content of 15% and 

sand content ranging between 18 and 60%.  The coarser 

facies of this till closely resemble the younger Wentworth 

Till and the older Catfish Creek Till. 

An average hydraulic conductivity (k) of approximately 10-6 

m/s has been estimated for the Port Stanley Till based on 

the results of 11 grain size distribution analysis and slug 

tests as summarized in Table B 1.3.1.  
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B 1.3.2.4 Outwash Deposits 

Glacial melt-water deposited large quantities of sand or 

sand and gravel along glacial spillways and channels.  

Extensive glacial outwash or floodplain deposits occur 

within the Cambridge area and the sand and gravel 

deposits bordering the Speed River in this study are 

considered to have an outwash origin.  Recent alluvium 

also occurs along the Speed River as gravelly channel 

deposits and as floodplain deposits of sand and silt.   

Glaciolacustrine sediments result from the deposition of 

finer-grained material in glacial lakes created by the 

temporary impoundment of glacial melt-waters.  These 

deposits are typically silt to clayey silt-textured although 

interbedded sands and occasionally sand and gravels may 

be present locally.   

Estimated values of hydraulic conductivity from different 

locations are summarized in Table B 1.3.2.  The high level 

of variability in estimated hydraulic conductivity reflects the 

heterogeneous nature of the outwash deposits, which 

range from fine silts to coarse sand and gravels.   

 

Table B 1.3.2  Sand – Hydraulic Conductivity Summary 

Borehole K (m/s) Method Description 
17-204 9x104 Hazen Sand, some silt 

17-217 1x102 Hazen Sand 

17-213 4.9x103 Hazen Sand, some silt 

17-218 3.6x103 Hazen Sand, some gravel 

17-225 1x104 Hazen Silty sand 

19-6 1.44x102 Hazen Sand 

19-7 9x104 Hazen Sand 

19-12 4x102 Hazen Sand 

14-1 2.25x102 Hazen Sand 

14-6 6.4x103 Hazen Sand 

13-214 1x104 Hazen Sand 

13-220 1x102 Hazen Coarse sand some gravel 

6-4 1x102 Hazen Sand 

6-7 1.6x103 Hazen Sand, trace clay 

4-101 1x104 Hazen Sand 

4-107 1x102 Hazen Sand 

8-108 2.56x102 Hazen Sand 

8-109 1x102 Hazen Sand 

22-209 9x106 Hazen Silty sand 

22-119 1.56x102 Hazen Sand 

22-119 4.9x103 Hazen Sand 

BH4  1.6x103 Hazen Sand 

BH8 4.23x105 Hazen Silty sand 

BH2 8.1x103 Hazen Sand 

BH2(3980h1) 1.0x106 Hazen Silty sand, trace gravel and clay 

BH3(3980h1) 7.2x105 Hazen Sand, trace gravel and silt 

BH4(3980h1) 4.0x106 Hazen Sand, some silt, trace clay 

BH5(3980h1) 2.5x107 Hazen Silty sand, trace clay 

BH6(3980h1) 9.0x108 Hazen Silty sand, some gravel, trace clay

BH8(3980h1) 2.3x104 Hazen Sand, some gravel, trace silt 

B 1.3.2.5  Organic Deposits 

Relatively recent, (i.e., post-glacial) organic sediments 

consisting of muck, marl, and peat occur in low-lying areas 

within the north part of the study area and in the wetland 

Table B 1.3.1  Silt Till – Hydraulic Conductivity 
Summary 

Borehole K (m/s) Method Description 
17-206 1x106 Hazen Sandy silt till 

17-211 1x106 Hazen Sandy silt till 

17-216 1x106 Hazen Sandy silt till 

19-4  9x106 Hazen Silt till 

19-5  6.4x105 Hazen Silt till 

14-5  4.9x105 Hazen Sandy silt till 

13-218 9x106 Hazen Silt till 

22-203 4x106 Hazen Sandy silt till 

22-121 1.69x106 Hazen Sandy silt till 

BH3 (86G001) 4x106 Hazen Sandy silt till 

BH8 (86G001) 2.5x107 Hazen Sandy silt till 
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areas bordering the Speed River.  Typical thicknesses are 

1 to 2 metres of peat or organic muck occasionally 

overlying a lower unit of marl.  Thicker peat deposits 

overlying marl have been encountered along the western 

boundary of the study area (see Photograph B2).   

B 1.4  Bedrock Geology 

The subwatersheds are underlain by a thick sequence of 

layered sedimentary rocks.  The uppermost bedrock 

formation is the Guelph Formation which underlies the 

whole of the subwatersheds and outcrops along the Speed 

River where erosion has removed the overlying soils (see 

Photograph B3).  This formation typically consists of 

brown to beige dolostone, interbedded with grey shales.  It 

is characterized by relatively thick bedding and the fine to 

medium crystalline structure which dips regionally to the 

south and west at about 4 metres per km.  The Guelph 

Formation is underlain by similar dolostones of the 

Lockport Formation.  The uppermost unit of the Lockport 

Formation, known as the Eramosa member, typically 

consists of thinly bedded dark brown bituminous dolostone.   

Overburden thickness within the subwatershed ranges from 

0 to slightly more than 40 metres with the thickest 

overburden being encountered in the northwest portion of 

the study area and the thinnest overburden occurring along 

the bank of the Speed River where bedrock is exposed in 

many locations.   

The map showing the overburden thickness is provided on 

Figure B 1.4.1.  The buried bedrock surface is relatively 

flat-lying across the study area although an area of locally 

elevated bedrock occurs immediately north of the study 

area within the Chilligo Creek drainage.     

B 1.5  Hydrostratigraphy 

Groundwater is encountered within the subwatershed 

within the shallow overburden deposits, deeper overburden 

and bedrock.  Groundwater may therefore be divided into 

three systems: 

• a shallow unconfined or water table aquifer; 

• a deep overburden aquifer comprised of buried 

sand or sand and gravel deposits confined by 

overlying low permeability glacial till; and, 

• a deep aquifer comprising pores and/or fractured 

bedrock. 

The unconfined or water table aquifer is the most 

widespread occurring within the shallow sands which 

overlie till deposits over the majority of the subwatersheds. 

The shallow aquifer is generally recharged from local 

infiltration and precipitation except in groundwater 

discharge areas where the shallow aquifer is fed by the 

upwelling of groundwater from deeper overburden and/or 

bedrock aquifers.   

The middle confined aquifer is present over much of the 

subwatershed particularly in areas of thick overburden.  

The middle aquifer, where present, takes the form of lenses 

or sheet-like layers of sand and gravel overlain by glacial 

till.  The middle aquifer is typically recharged from leakage 

through the overlying glacial till or through the upwelling of 

deeper groundwater from the bedrock aquifer.   

Bedrock of the Guelph Formation provides much of the 

potable water supply for the Cambridge area.  MOE well 

records indicate that approximately 75% of wells in the area 

have been completed into bedrock.  Bedrock and deep 

overburden well pumping rates of approximately 1 to 16.5 

L/min and 1.5 to 5.5 L/min, respectively, are reported in the 

MOE well records.  The water well records indicate that 
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glacial clay and silt till units are present at depth and are 

sometimes underlain by granular sand/sand and gravel 

deposits of the middle aquifer system.  Recharge of the 

bedrock aquifer occurs in upland areas and in areas where 

permeable soils having a high infiltration capability directly 

overlie the fractured bedrock. 

Groundwater constitutes the sole source of potable water 

supply within the study area and the most significant 

source of water for non-potable uses. However, most 

residents live in residential developments and are 

municipally serviced (for water supplies), while rural 

residents have private well systems.  Permits to Take 

Water (PTTW) have been issued by the MOE for thirteen 

(13) operations within the study area: Arriscraft, the sod 

farms, the Regional Municipality of Waterloo and others.  

Unfortunately, data sharing agreements with the Ontario 

Ministry of the Environment prevent the release of specific 

information regarding the Permits.  MOE well records show 

that there are 534 water supply wells located within the 

study site, with approximately 420 of these wells being 

completed in bedrock and the remainder being overburden 

aquifer wells.  Figure B 1.5.1 shows the location of water 

wells within and adjacent to the subwatersheds.  It should 

be noted that the MOE's water well database tends to be 

biased towards deeper and more recent wells since wells 

predating 1945 are not included in the database and many 

shallow dug wells are not included. 

B 1.5.1  Groundwater Flow 

The water table elevations and interpreted direction of 

shallow groundwater flow is illustrated on Figure B 1.5.1 

while the piezometric surface in the deeper aquifer is 

shown on Figure B 1.5.2.  Groundwater in both the shallow 

and deep aquifers generally flows in a southerly direction 

toward the Speed River valley, which serves as a principal 

point of groundwater discharge in the area. 

Groundwater flow in the deep overburden aquifer is more 

complex than that of the shallow overburden and bedrock 

aquifers.  While the shallow groundwater flow closely 

matches the surficial drainage patterns, groundwater in the 

deep overburden flows toward the nearest significant 

discharge point which could be along the Speed River, 

Grand River, and Chilligo Creek depending on the location 

within the study area.  Interpreting groundwater flow in the 

deep overburden aquifer is further complicated by the fact 

that the deep overburden aquifer is not a single unit but an 

aquifer complex where separate layers of sand and gravel 

may be separated by less permeable strata to form a series 

of superimposed or "stacked" aquifers each with different 

flow directions. 

Manually measured groundwater levels obtained during 

this study were augmented by the collection of continuous 

groundwater level data between early February and late 

June of this year. 

The groundwater levels measured in the instrumented 

wells and dataloggers.  Measured groundwater levels 

depths are summarized on the following charts.   

DP 1 was installed in the upper reaches of East Creek 

between Mohawk and Maple Grove Roads.  Water level 

data shows little drainage during the monitoring period 

suggesting that the drive point is located within or near to a 

point of groundwater drainage.  Temperature readings 

increased dramatically in early April suggesting that the 

groundwater has infiltrated close to the drive point 

installation.  DP 2 shows a similar pattern of temperature 

fluctuation but the water level in this location shows a 

greater response to precipitation events (see Figure B 

1.5.3).  The monitoring of DP 3 shows a more subdued 

range of temperature fluctuation and a rapid response to 

precipitation (see also Figure B 1.5.3).  These observations 

are consistent with high infiltration and a high groundwater 

flux. 
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Figure B 1.5.3 a  Drive Point and Borehole Graphs  
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Figure B 1.5.3 a  Drive Point and Borehole Graphs 
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Figure B 1.5.3 a  Drive Point and Borehole Graphs 
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Figure B 1.5.3 a  Drive Point and Borehole Graphs 
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Figure B 1.5.3 b  Temperature & Depth Graphs 
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Figure B 1.5.3 b  Temperature & Depth Graphs 
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Figure B 1.5.3 b  Temperature & Depth Graphs 
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B 1.5.2 Water Quality 

As groundwater percolates downward through geologic 

formations, the water acquires a chemical signature.  The 

evolution in chemical quality seen across a geological 

feature can assist in the definition of the lateral extent and 

depth of recharge/discharge flow systems.  Baseline 

geochemical characterization of groundwater was carried 

out as part of this study to identify such trends. 

Groundwater samples (1000 ml) volume were collected 

from the sampled wells following purging.  The sampling 

bottle was thoroughly rinsed and the sample was 

refrigerated until delivery to Enviro-Test Laboratories 

(Sentinel Division) in Waterloo, Ontario.  Samples were 

analyzed for a list of inorganic components including: 

hardness, chloride, nitrate, sulphate, and alkalinity, as well 

as selected heavy metals, and indicators of general 

geochemistry.  The results of the testing are shown on 

Tables B 1.5.1 to B 1.5.3 while Laboratory Certificates of 

Analysis are provided in Appendix C-3. 

Table B 1.5.1  Groundwater Geochemistry – General Chemistry 

 BH1 BH2 BH3 BH4 BH5 BH6 BH7 BH8 DP1 DP2 DP3

Alkalinity (CaCO3) 325 225 325 195 230 340 290 240 200 175 230
Ammonia as N 0.21 <0.10 <0.10 0.23 <0.10 0.32 0.43 0.26 <0.10 <0.10 <0.10
Bicarbonate (CaCO3) 323 223 324 194 227 339 289 238 199 173 227
Carbonate (CaCO3) <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Colour (TCU) 56.0 44.2 17.6 53.7 52.6 33.0 29.0 11.3 24.0 20.0 26.0
Conductivity (umhos/cm) 760 950 900 1200 780 4100 1100 1050 576 565 790
Hardness (CaCO3) 350 450 420 550 380 1300 620 450 270 220 300
Hydroxide (CaCO3) <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
pH (pH units) 7.70 7.50 7.30 7.80 7.50 7.1 7.40 7.70 7.91 8.10 8.10
Total Organic Carbon 3 <1 <1 <1 <1 <1 6 <1 4 1 3
Turbidity (NTU) 150 120 17.1 1.20 90 51 32 12.7 0.78 0.65 6.4

 

Table B 1.5.2  Groundwater Geochemistry – Anions 

 BH1 BH2 BH3 BH4 BH5 BH6 BH7 BH8 DP1 DP2 DP3

Bromide 0.10 <0.10 <0.10 <0.10 0.70 <0.10 0.13 0.53 0.13 <0.10 <0.10
Chloride 2.0 25.0 79.0 23.0 590 15.0 1330 64.0 80.0 36.0 58.0
Fluoride 0.10 0.12 <0.10 <0.10 0.13 <0.10 <0.10 0.15 0.10 <0.10 <0.10
Nitrate as N 0.10 2.10 25.0 32.0 <0.10 36.0 <0.10 <0.10 5.00 3.20 1.10
Nitrite as N 0.10 0.11 0.26 <0.10 <1.0 <0.10 <2.0 <0.10 0.74 <0.10 <0.10
Phosphate-P 0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30
Sulphate 2.0 56.0 54.0 23.0 74.0 22.0 200 280 75.0 44.0 39.0
Bromide 0.10 <0.10 <0.10 <0.10 0.70 <0.10 0.13 0.53 0.13 <0.10 <0.10
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Geochemical trends in groundwater were assessed by 

comparing the major ion composition of groundwater 

samples for bedrock and overburden aquifers.  Chemical 

testing indicates that groundwater from the overburden and 

aquifer is bicarbonate type with a low to moderately high 

total dissolved solids content.  The groundwater samples 

can be characterized as hard with all samples exceeding 

300 mg/L hardness. 

B 1.5.3 Areas Susceptible to Contamination 

An aquifer’s susceptibility to contamination is dependent on 

the presence of contaminants or pathogens within the 

recharge area of the well and on the presence of one or 

more geological barriers that prevent contaminants from 

entering the aquifer.  Other factors governing an aquifer’s 

susceptibility to contamination include: 

• hydraulic conditions within the aquifer related to 

pumping, well construction, and aquifer 

composition that prevent contaminants from 

entering the well in sufficient numbers to cause a 

human health concern; or 

• the presence of potential contaminant sources in 

the recharge area of a well; or 

• time of travel in groundwater over which 

pathogens or degradable contaminants will remain 

in problematic concentrations. 

Flow through confining units can be predicted using 

Darcy’s equation as presented in the Environmental 

Protection Agency (EPA) document titled Wellhead 

Protection Strategies for Confined Aquifer Settings (1991): 

 

Table B 1.5.3  Groundwater Geochemistry - Metals 

 BH1 BH2 BH3 BH4 BH5 BH6 BH7 BH8 DP1 DP2 DP3

Aluminum  0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.20 <0.02 <0.02 <0.02
Barium 0.01 0.09 0.04 0.02 0.17 0.01 0.14 0.04 0.03 0.02 0.01
Beryllium 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Boron 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.09 0.05 <0.05 <0.05
Cadmium 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Calcium 0.50 77.1 121 130 115 102 311 120 90.3 85.8 68.6
Chromium 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cobalt 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Copper 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Iron 0.05 0.06 0.10 0.13 0.10 0.09 0.29 0.12 0.11 0.12 0.11
Lead 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Magnesium 0.50 39.5 36.4 24.1 64.1 30.5 144 77.8 55.4 12.7 12.1
Maganese 0.01 0.05 0.14 0.19 0.05 0.03 0.45 0.23 0.06 0.02 0.02
Molybdenum 0.01 0.01 <0.01 <0.01 0.04 <0.01 0.03 0.08 0.01 <0.01 <0.01
Nickel 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Potassium 0.50 3.53 1.72 3.02 4.78 <0.50 11.9 15.2 4.58 0.57 0.76
Silver 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Sodium 0.50 24.5 7.23 16.2 145 5.47 335 18.2 61.3 9.37 20.2
Strontium 0.01 0.57 0.25 0.18 0.47 0.11 0.88 0.53 0.23 0.12 0.10
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where: 

qv  = Vertical leakage (unit of length/unit of time); 
Kv  = Vertical hydraulic conductivity (unit of 

length/unit of time); 
(h0-h)  = Hydraulic head difference across the confining 

unit (unit of length); and 
b’ = Thickness of confining unit (unit of length). 

This equation shows that the amount of leakage through a 

confining unit is proportional to Kv and h0-h.  The higher 

either of these values is, the higher the leakage.  In 

contrast, as the unit thickens (e.g., as b’ increases), the 

leakage decreases.  The primary assumption for evaluating 

the effectiveness of a confining unit is that the smaller the 

leakage, the better protected is the underlying aquifer.   

This equation can be modified by including the porosity of 

the confining material to obtain the average linear velocity, 

which is the rate at which groundwater moves through the 

material.  
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where:   

ne  =  effective porosity and v = average linear 

 velocity(unit of length/unit of time).   

The effective porosity is the amount of interconnected pore 

space through which fluids can pass, expressed as a 

percent of bulk volume.  Effective porosity is always less 

than total porosity (EPA, 1987).  The value selected for 

effective porosity, 0.20, is based on ranges for 

unconsolidated fine-grained materials.  Because this 

equation is based on the Darcy equation, the average 

linear velocity varies with changes in Kv, h0-h, and b′ in the 

same way that qv does and it is inversely proportional to the 

effective porosity, ne.  Therefore, the average linear velocity 

increases with decreasing effective porosity although the 

total vertical leakage may decrease with decreasing 

effective porosity.   

Once this velocity is computed, it is straightforward to 

determine the amount of time it takes for groundwater to 

travel through a confining unit.  Using equation (2), the 

approximate travel time through a confining unit of 

thickness b is: 

v
bt '

=  (1.5.3) 

where: 

t  = travel time (units of time)  

The hydraulic conductivity of glacial till typically ranges 

between 10-6 and 10-12 m/s.  Using a maximum vertical 

hydraulic gradient of 0.1 (based on GRCA mapping) it is 

possible to use the vertical time-of-travel concept to map 

zones of aquifer vulnerability over the subwatershed 

although it should be noted that factors related to well 

location and construction can render a well susceptible to 

pathogen contamination regardless of whether a geologic 

confining unit is present. 

The shallow water table aquifer is considered to have a 

high intrinsic vulnerability to microbiological contamination 

over the entire study area based on the absence of any 

defined protective layer.  Vulnerability to other contaminant 

types such as nitrates (which only persist in aerobic 

environments), road salts, and organic contaminants are 

highest in the areas underlain by permeable granular strata 

of silt, sand, and gravel.  The intrinsic vulnerability of the 

bedrock aquifer is a function of the overburden thickness 
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and the permeability of the overburden materials which 

vary considerably over the study area.  The vulnerability of 

the bedrock aquifer to microbiological pathogens is similar 

to its vulnerability to other contaminant types.   

The intrinsic vulnerability of the bedrock aquifers is 

summarized on Figure B 1.5.4.  The mapping 

classifications are based on Vrba and Zaporozex (1994) 

with the different intrinsic vulnerability classifications 

summarized on Table B 1.5.4.  The high and very high 

vulnerability classifications have been combined since they 

do not form distinct mapable units at the scale of this study. 

Table B 1.5.4  Intrinsic Bedrock Vulnerability 

  Vulnerability Nature of Unsaturated Zone Strata Example 
   Extremely High Ineffective and/or insignificantly thick or discontinuous overburden Fractured bedrock on surface 

   High Highly permeable with unsaturated zone <2 metres thick Shallow wells in sand and gravel

   Medium Moderate permeability (kv = 10-3 – 10-5 m/s); depth to saturated zone 2 – 20 m Thin till deposits 

   Low Low permeability; depth to saturated zone >20 m Thick till deposits 

   Very low Practically impermeable and of significant thickness Thick clay-rich overburden 

 

         

Low   

Medium  

High    

 

Figure B 1.5.4  Vulnerability to Contamination – Bedrock Aquifer 
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B 1.5.4 Wellhead Sensitivity Zones 

Protection of water resources is part of the Regional 

Municipality of Waterloo’s responsibility for provision of 

municipal water supplies.  As part of its groundwater 

protection strategy, the Region has incorporated wellhead 

sensitivity zones (WPSAs 1 to 4) into its Official Policies 

Plan (ROPP).  This plan is intended to direct new non-

residential development to areas of the Region with “limited 

potential to impact municipal groundwater supplies”. 

The potential groundwater contamination hazards 

associated with various types of non-residential land uses 

have been classified according to a three level ranking 

system from 'A' to 'C'.  Category 'A' land uses pose the 

highest concern and include landfills, auto wreckers, and 

putrescible waste disposal facilities.  Category 'B' land uses 

pose the next highest risk and include such uses as 

manufacturing or warehousing of industrial chemicals, 

metal finishing operations, and gasoline stations. Examples 

of the lower risk Category 'C' uses include manufacturing of 

electrical appliances, manufacturing of plastic, and repair of 

motor vehicles.   Category ‘A' uses are prohibited in any 

WPSA.  Category ‘B' and ‘C' uses are prohibited in WPSAs 

1, 2 and 3. 

The north portion of the Middle Creek subwatershed is 

classified as Sensitivity 4 while the smaller portion north of 

Middle Block Road is classified as Sensitivity 3 (see Figure 

A 2.1.1).    

B 1.5.5 Recharge Areas 

Of the annual amount of precipitation that falls within a 

watershed (P) it can be assumed that a portion is lost 

through evapotranspiration (E), runoff from the site (R) or 

groundwater recharge via infiltration (I).  Therefore a water 

budget is an estimate of the portion of precipitation that 

infiltrates to the groundwater, runs off from a site or 

evapotranspirates and is defined by:  

P = E + R + I 

Evapotranspiration is the amount of water that is removed 

from the land by evaporation and the transpiration process 

and is dependent on land use and soil moisture contents.  

The amount of water remaining in a water budget following 

evapotranspiration is referred to as excess water, which is 

water that is available for groundwater recharge or which 

will run off from a site.   

The amount of groundwater recharge is dependant on 

excess water as well as site characteristics such as 

topography, slope, soil type, climate, and surface cover 

such as cultivated lands, woodlands and impermeable 

cover.  The portion of excess water not infiltrating to the 

groundwater table is accounted for as runoff.   

Subcatchments are areas of similar drainage 

characteristics within the subwatersheds. Figure B 1.5.5 
shows the different subcatchments within the study area.  

Estimates of groundwater recharge were prepared for each 

subcatchment area based on soil conditions, depth to the 

water table, topography, and vegetation. These estimates 

are shown graphically on Figure B 1.5.6 while Tables 
B1.5.5 to B1.5.7 provide a breakdown of the 

subcatchments for East, Middle and West Creeks 

respectively.   

Hydrology and hydrogeology data are presented using 

different basis of measurement for infiltration quantities.  

Infiltration values reported for the hydrological analysis are 

stream-based, as the transfer of flows between the surface 

and subsurface is calculated at individual nodes over the 

length of each watercourse in the GAWSER hydrological 

model.  This calculation is based on a detailed water 

balance that considers all aspects of the hydrological cycle.  
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For the hydrogeology results, infiltration values are 

presented on a catchment basis based on a more 

straightforward calculation of infiltration given the measured 

properties of the soil and the average annual rainfall.  This 

difference is noted to ensure confusion does not occur in 

comparing the two infiltration measurements given the 

different methods of presentation. 
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Figure B 1.5.5  Subcatchment Areas 
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Figure B 1.5.6  Infiltration by Subcatchment 
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Table B 1.5.5  Subcatchment Infiltration Rates – East Creek 

 Subcatchment Area 
 (ha) 

Infiltration 
% of total 
rainfall 

Subcatchment Characteristics 

 1101 6.4 28 The dominantly agricultural subcatchment is relatively level and underlain by moderate to high 
permeability sands and silts.  A small kettle feature forms an area of closed drainage. 
 

 1103 16.6 26 The dominantly agricultural subcatchment slopes to the south and is underlain by moderate to high 
permeability sands and silts.    
 

 1105 8.0 30 The wooded subcatchment is flat and underlain by moderate to high permeability sands and silts.  
Heavy vegetation and shallow water gives a high ET. 
 

 1110 7.5 27 The dominantly agricultural subcatchment slopes gently to the east and is underlain by moderate to 
high permeability sands and silts.    
 

 1115 11.8 26 The dominantly agricultural subcatchment slopes to the south and is underlain by moderate to high 
permeability sands and silts.    
 

 1117 19 26 This large subcatchment includes much of the University Agricultural Research Station.  The land 
slopes to the southwest and is underlain by moderate to high permeability sands and silts.    
 

 1120 16.1 28 The wooded subcatchment borders the east side of East Creek and is underlain by moderate to high 
permeability sands and silts.   Heavy vegetation and shallow water gives a high ET. 
 

 1125 6.7 24 The subcatchment covers an area of mixed woodland and agricultural land underlain by moderate to 
low permeability glacial till deposits.    
 

 1130 10.3 28 The dominantly agricultural subcatchment slopes to the south and is underlain by moderate to high 
permeability sands and silts.    
 

 1135 12.4 25 The dominantly agricultural subcatchment borders the west side of East Creek and is underlain by 
glacial till in the north and by sands and silts in the south.    
 

 1140 13.3 24 The subcatchment contains a number of privately serviced residences and is underlain by moderate 
to high permeability sands and silts.    
 

 1142 5.2 22 This steeply sloping subcatchment includes both open field and woodland and is underlain by 
moderate to high permeability sands and silts.    
 

 1145 11.8 22 Privately serviced residential area underlain by moderate to high permeability sands and silts 
overlying bedrock.    
 

 1150 11.0 24 The subcatchment extends between Beaverdale Road and Regional Road #24 and slopes steeply to 
the south.  Mainly open fields, it is underlain by sands, till, alluvium, and bedrock.    
 

 1155 2.7 22 The subcatchment borders the west side of East Creek south of Beaverdale Road and is underlain by 
bedrock.    
 

 1160 1.1 10 Regional Road #24 and immediately adjacent lands.    
 

 



 

                   
Page B - 25 

September 2004 

 

 Subcatchment Area (ha) 
Infiltration 
% of total 
rainfall 

Subcatchment Characteristics 

 2101 11.7 27 The dominantly agricultural subcatchment is flat-lying and is underlain by 
moderate permeability sands and silts.  
 

 2105 7.1 28 The dominantly wooded subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts.    
 

 2110 25.2 30 The dominantly agricultural subcatchment is flat-lying and is underlain by 
moderate permeability sands and silts.  A small pond in the south part of the 
catchment forms an area of closed drainage.    
 

 2115 38.5 28 This large flat-lying area contains a mixture of open fields and woodlands as well 
as several areas of closed drainage.  The subcatchment is underlain by 
moderate permeability sands and silts.    
 

 2120 21.9 23 The dominantly agricultural subcatchment is flat-lying and is underlain by 
moderate to low permeability till deposits. 
      

 2125 51.0 25 This subcatchment contains a large woodlot (the largest in the study area apart 
from the lands bordering the Speed River.   The area is underlain by moderate to 
low permeability till deposits. 
 

 2130 23.3 24 The dominantly agricultural subcatchment is flat-lying and is underlain by 
moderate permeability sands and silts in the north and by low permeability till 
deposits in the south. 
 

 2135 20.3 27 The dominantly agricultural subcatchment is flat-lying and is underlain by 
moderate permeability sands and silts.  
 

 2136 7.8 27 The dominantly agricultural subcatchment is flat-lying and is underlain by 
moderate permeability sands and silts. 
 

 2137 16.2 28 The dominantly wooded subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts.   The heavy vegetation cover and shallow water 
table combine to give a high ET. 
 

 2138 5.5 27 The partially wooded subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts.   
  

 2139 4.0 28 The partially wooded subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts.   A small depression near the south border of the 
subcatchment forms an area of closed drainage. 
 

 2140 5.8 27 The dominantly agricultural subcatchment is flat-lying and is underlain by 
moderate permeability sands and silts.    
 

 2141 27.7 28 The dominantly agricultural subcatchment is flat-lying and is underlain by 
moderate permeability sands and silts.   A small area of closed drainage is 
located in the central portion of the area. 
 

 2142 16.4 27 The dominantly wooded subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts.  The heavy vegetation cover and shallow water 
table combine to give a high ET.  
 

 2143 27.8 29 The partially wooded subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts.   Several areas of closed drainage occur within the 
area. 

Table B 1.5.6  Subcatchment Infiltration Rates – Middle Creek 
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 Subcatchment Area (ha) 
Infiltration 
% of total 
rainfall 

Subcatchment Characteristics 

 2145 65.7 7 The subcatchment is fully developed as an industrial subdivision. 
 

 2150 27.0 24 The mainly agricultural subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts in the north and by low permeability glacial till in the 
south.   A small woodlot is present at the intersection of Maple Grove and 
Speedsville Roads. 
 

 2155 28.4 25 The subcatchment is flat-lying and is a mixture of sod farm and open field.  The 
area is underlain by a mixture of sand and silt and glacial till.  
 

 2160 22.1 24 The partially wooded subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts in the north and by low permeability glacial till in the 
south.   
 

 2165 7.8 22 The mainly agricultural subcatchment is flat-lying and is underlain by low 
permeability glacial till.    
 

 2170 28.2 26 The mainly agricultural subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts. 
 

 2172 11.8 25 The mainly agricultural subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts in the east and by low permeability glacial till in the 
west.   
 

 2173 12.8 20 The partially wooded subcatchment slopes steeply to the south and is underlain 
by low permeability glacial till and bedrock.   
 

 2175 10.6 20 Privately serviced residential area sloping steeply to the south and underlain by 
low permeability glacial till and bedrock.   
 

 2180 6.8 20 Privately serviced residential area underlain by bedrock beneath a thin mantle of 
fill and recent alluvium.   
 

 2182 20.6 25 The partially wooded  subcatchment is flat-lying and is underlain by a mixture of 
moderate to high permeability sands and silts and low permeability glacial till. 
   

 2185 22.5 22 The partially wooded subcatchment slopes steeply to the south and is underlain 
by low permeability glacial till and bedrock.   
 

 2190 11.5 25 Exposed and shallow bedrock along the Speed River. 

 

Table B 1.5.7  Subcatchment Infiltration Rates – Lands Draining Directly to the Speed River 

Subcatchment Area 
(ha) 

Infiltration 
% of total 
rainfall 

Subcatchment Characteristics 

A (West) 65.5 10 Heavily developed.  Infiltration is difficult to predict due to on 
site drainage structures and the areas location within a 
groundwater discharge zone.  
   

B (East) 28.5 20 Exposed and shallow bedrock along the Speed River.  Some 
development.  Predominantly within an area of groundwater 
discharge. 
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 Subcatchment Area (ha) 
Infiltration 
% of total 
rainfall) 

Subcatchment Characteristics 

 3101 39.6 7 The subcatchment is fully developed as an industrial subdivision. 
 

 3103 4.8 26 The mainly agricultural subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts. 
 

 3104 21.2 24 The partially wooded subcatchment is flat-lying and is underlain by low 
permeability glacial till in the north and by moderate permeability sands and 
silts in the south.   
 

 3105 7.9 27 The wooded subcatchment is flat and underlain by moderate to high 
permeability sands and silts.  Heavy vegetation and shallow water gives a high 
ET. 
 

 3110 4.8 25 The agricultural subcatchment slopes to the south and is underlain by moderate 
to high permeability sands and silts. 
 

 3115 2.4 15 The subcatchment includes a steep scarp and a large shallow pond.  Soil 
conditions are variable.   
 

 3120 4.0 18 The mainly agricultural subcatchment is flat-lying and is underlain by low 
permeability glacial till. 
 

 3125 5.5 22 The mainly agricultural subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts. 
 

 3127 3.7 22 The mainly agricultural subcatchment is flat-lying and is underlain by moderate 
permeability sands and silts. 
 

 3130 11.4 14 Industrial development. 
 

 3135 11.7 24 The agricultural subcatchment slopes to the south and is underlain by moderate 
to high permeability sands and silts. 
 

 3140 5.0 26 The wooded subcatchment borders the north side of West creek and is 
dominated by organic and alluvial deposits.   
 

 3145 2.4 24 The residential subcatchment slopes to the south and is underlain by moderate 
to high permeability sands and silts. 
 

 3150 7.0 34 The subcatchment  is flat-lying and underlain by  high permeability sands and 
gravels. 
 

 3155 5.2 28 The subcatchment is flat-lying and underlain by bedrock beneath a shallow 
cover of recent alluvium. 
 

 3160 10.8 27 The subcatchment is flat-lying and underlain by a variety of materials. 
 

 3165 2.2 5 Highway 401. 
 

 3170 1.4 5 Highway 401. 
 

 3175 6.1 24 The subcatchment is flat-lying and underlain by bedrock beneath a shallow 
cover of recent alluvium. 

 

Table B 1.5.8  Subcatchment Infiltration Rates – West Creek 
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B 1.6  Hydrogeologic Constraints and 
Opportunities 

Precipitation falling within the subwatershed contributes to 

the recharge of the overburden and bedrock aquifers and 

to base flow of the East, Middle and West Creeks and 

related wetland areas.  Groundwater therefore plays an 

important role in sustaining the health of the surfacewater 

environment within the study area as well as providing the 

drinking water supply.  Hydrogeological issues are 

presented below: 

• Most of the overburden soils are of glacial origin 

and have excellent engineering properties.  

However, geotechnically problematic soils occur in 

several areas such as the organic sediments 

consisting of muck, marl, and peat in low-lying 

areas.  These highly compressible soils are 

unsuitable to support roads, homes, or other 

structures.  

• High groundwater levels occur in low-lying areas 

and in much of the land to the west of Regional 

Road #24.  These conditions require drainage 

around homes and increase the potential for 

buried utilities to intercept and divert groundwater 

and thus alter the natural hydrogeological regime. 

• The Guelph Formation is a high quality aquifer 

and the study area has the potential to support 

additional privately serviced development should 

planning considerations favour this type of 

servicing.  The mantle of permeable sandy soils 

that occurs over the majority of the subwatersheds 

provides a favourable environment for individual 

or small communal sewage disposal systems 

(again assuming that planning considerations 

make this mode of servicing desirable).  

• Development in the subwatershed will result in 

impermeable pavement being placed on areas 

that were previously permeable.  Provided that the 

increased runoff can be infiltrated near to its point 

of generation there need be no loss of 

groundwater recharge. 

• Development in the subwatershed might cause 

water quality changes such as: degraded 

groundwater quality caused by greater use of de-

icing salts; degraded groundwater quality caused 

by vehicle exhaust residue, leaks, and spills; and 

improved water quality through the reduced use of 

nitrates and other fertilizers. 

• Grading and the construction of buried utilities 

have the potential to alter the groundwater levels 

and flow patterns within the subwatershed by 

intercepting or diverting existing groundwater flow 

and discharge patterns. 

• At-source infiltration should be maximized 

wherever feasible as this is the most desirable 

form of stormwater management from a 

hydrogeological perspective.    

• Recharge within the north and northeast portions 

of the study area may contribute baseflow to the 

adjacent Chilligo Creek and its Tributaries.  

Chilligo Creek supports a valuable coldwater 

fishery and infiltration within the north and 

northeast portions of the study area should be 

managed with the assumption that the recharge 

contributes to Chilligo Creek.  

• Infiltration of salt-laden stormwater should be 

avoided in areas where wetland vegetation 

communities are particularly sensitive to salt 

impacts. 

• Water quality should be maintained or improved 

although the temperature of groundwater 

discharge is less critical in areas bordering the 

three creeks than would be the case for 

development bordering coldwater streams. 
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• All monitoring wells constructed as part of the 

hydrogeological study should be decommissioned 

by a licenced well contractor.  Region WRP staff 

should be consulted prior to the decommissioning 

in case any should be retained for long term 

monitoring. 

B 2.1  Introduction 

B 2.1.1  Purpose 

The purpose of the hydrologic analysis in this study is to 

provide the basis for assessment of flow conditions in the 

subwatershed and the response to rainfall events. This 

information can then be used for the assessment of flood 

potential, erosion conditions and flow variations over time.  

The subwatershed modelling also provides the basis for 

analyzing other stream characteristics such as low flows 

(base flow), water quality changes and fish habitat.   

This hydrologic assessment was carried out with the use of 

computer modelling in conjunction with other technical 

analyses.  Initially, an overall model of each of the 

subwatersheds was developed to analyze subwatershed 

hydrology.  This model used information on land use, soils, 

subwatershed topography, and the stream system to 

enable prediction of the flow rate in the streams during a 

rainfall or snowmelt event.  The flow information generated 

by the model of the subwatersheds has been used in 

subsequent sections of this study. 

B 2.1.2  Information Sources 

Background information to identify and characterize the 

hydrological response component of the study has been 

derived mainly from field investigations and an extensive 

investigation of maps, reports, and existing field data 

pertaining to the Hespeler West subwatersheds.  These 

sources include the following: 

• Grand River Hydrology Study - Phase I 

(GRCA, 1988); 

• Meteorological Services of Canada (MSC), 

(previously Atmospheric Environment 

Service, AES) historical meteorological data 

(e.g., hourly rainfall amounts, daily maximum 

and minimum air temperature, daily 

precipitation, wind speed, and direction); 

• GRCA real-time meteorological, streamflow, 

and snow course information (e.g., Erbsville 

gauge, Laurel Dam rain gauge); 

• Water Survey of Canada streamflow data; 

• The Physiography of Southern Ontario, 3rd 

Edition, (Chapman & Putnam, 1984); 

• The Climate of Southern Ontario, 

Climatological Studies No. 5 (Brown, McKay 

and Chapman, 1980); 

• Canadian Climate Normals 1951-80, 

Temperature and Precipitation Ontario 

(Environment Canada, Atmospheric 

Environment Service, 1982); 

• Soils of Waterloo County, Report No. 44 of 

the Ontario Soil Survey (Research Branch, 

Canada Department of Agriculture, 1971); 

• Surfacewater Data Reference Index, Canada 

1991 (Inland Waters Directorate, Water 

Resources Branch, Water Survey of Canada, 

1992); 

• Hydrological Summary Report Hespeler West 

Subwatersheds Study, (Naylor Engineering, 

July, 2001); 

B 2.0  HYDROLOGY 
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• Speed and Eramosa Rivers Floodline 

Mapping Study - Hydrology (Ecologistics 

Limited, 1988); 

• Water Quality Resources of Ontario (Ministry 

of Natural Resources, 1984); 

• Ontario Ministry of Natural Resources and 

City of Cambridge GIS data sets; 

• Ontario Geological Survey Quaternary 

Geology Mapping (Ontario Northern Mines 

and Development, 1983). 

B 2.2  Field Investigations 

B 2.2.1  Meteorological Information 

Long-term monitoring of meteorological quantities has 

occurred in the region surrounding Hespeler West for more 

than 100 years. Historical data are primarily available from 

MSC, although within the last 10 years or so, reliable data 

have been collected at stations maintained by the Grand 

River Conservation Authority (GRCA).  Table B 2.2.1 gives 

further details about the observing program for 15 stations 

whose records have been reviewed in previous studies 

(e.g., Schroeter and Boyd, 1998; Schroeter & Associates, 

1999; Schroeter et al., 2000b). As noted in Table B 2.2.1, 

hourly rainfall depths are available from the GRCA’s own 

operational network, as they have a tipping bucket gauge 

at Shade’s Mill reservoir. For this study, a temporary tipping 

bucket rain gauge was located within the Hespeler West 

study area.  Rainfall data was also available from the 

Schroeter and Associates tipping bucket gauge located in 

West Guelph. 

For detailed energy balance analysis, a wider array of 

meteorological variables (e.g., hourly rainfall, air 

temperature, wind speed and direction, solar radiation, 

humidity) is available through the Internet from three 

stations: the Elora Research Station (AES 6142285), the 

Guelph Turfgrass Institute, and the University of Waterloo.  

Weather monitoring at the Elora Research Station has 

been maintained by the University of Guelph since 1969, 

and digital information (via dataloggers) has been available 

since 1985.  The Guelph Turfgrass Institute weather station 

is also maintained by the University of Guelph, and has 

been in operation since 1993. The University of Waterloo 

weather station has been in operation since the mid 1980s. 

Detailed energy balance information is available from the 

Guelph OAC (AES 6143083) station for the period 1950 to 

1973. 

A continuous meteorological dataset was prepared using 

available information from long-term weather stations noted 

in Table B 2.2.1 that are still in operation in the vicinity of 

the study area. Utilizing the Preston (AES 6146711) 

records as the basis for data assembly, a 39-year dataset 

has been established consisting of hourly rainfall depths, 

daily maximum and minimum air temperature, and daily 

rainfall and snowfall depths for the period 1960 to 1999. 

The Preston station was closed at the end of June 1996, so 

the data set has been extended in recent years using 

observations from the GRCA’s Shade’s Mill station, and the 

MSC Cambridge-Stewart (6141100) station.  The 

methodology for preparing these data for input to the 

hydrologic model has been fully outlined by Schroeter et al. 

(2000b).  
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Table B 2.2.1  Observing Climate Stations Available for Study 

 Station Code Owner Available Period 
of Record Data Collected  

Cambridge Galt MOE 6141095 MSC 1950-1994 P,T,RG  

Cambridge Stewart 6141100 MSC 1973-1999 P,T  

Elora Research Station 6142285 MSC 1969-2001 P,T,RG,E  

Guelph Arboretum 6143069 MSC 1975-1995 P,T,RG  

Guelph OAC 6143083 MSC 1960-1973 P,T,RG,E  

Guelph Lake Dam GRCA003 GRCA 1988-2001 P,T,RG  

Guelph Turfgrass Inst.  U of G 1993-2001 P,T,RG  

Kitchener 6144232 MSC 1950-1977 P,T  

Kitchener OWRC 6144245 MSC 1962-1975 P,T  

Preston 6146711 MSC 1953-1996 P,T  

Preston WPCP 6146714 MSC 1970-1996 P,T,RG  

Roseville 6147188 MSC 1972-1999 P,T  

Shades Mill GRCA007 MSC 1988-2001 P,T,RG  

University of Waterloo  U of W 1986-2001 P,T,RG  

Waterloo-Wellington A 6143987 MSC 1970-1999 P,T,RG  

S&A Guelph  H.S. 1999-2002 P,T,RG  
Notes: P – daily precipitation (rain and snow) 

T - daily maximum and minimum air temperature 
RG - Recording raingauge (tipping bucket)  
E - Pan evaporation estimates 

 

B 2.2.2  Snow Cover Patterns 

Snow course data have been collected bimonthly for more 

than 25 years at 12 locations within the Grand River 

watershed. The closest available snow course site to the 

Hespeler West study area is located in the Shade’s Mill 

Conservation Area, east of the Grand River Conservation 

Authority (GRCA) head office on the north side of Clyde 

Road in a relatively young forest plantation. Each year the 

mean of the 10 points (both snow depth and equivalent 

water content) are collected for the period December 1st to 

April 15th, and are reported to the Ontario Ministry of 

Natural Resources as part of a province wide network. 

Additional snow course information is collected on other 

dates when deemed necessary in anticipation of any spring 

flooding conditions.   

Detailed information about snow accumulation 

characteristics, according to different landscape units in 

southwestern Ontario, has been reported by Schroeter and 

Whiteley (1986), Schroeter (1988) and Burkart et al. 

(1991). Snow cover distributions have also been confirmed 

for the north Cambridge area with actual field 

measurements in the nearby Hespeler West area on 

February 5, 2001, as part of the Hespeler West 

Subwatershed Study.  Measurements from the survey are 

summarized in Table B 2.2.2.  They are very similar to 

patterns observed in other parts of the Grand River basin 

for the same land cover types. Information about snow 
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cover patterns from the above sources is used directly in 

the step-up of the hydrologic model described in Section B 

2.3. 

 

Table B 2.2.2  Summary of Measurements for Hespeler West Snow Survey (to be used as reference data)

Land Cover Type Number of  
Depth Readings

Mean Depth  
(cm) 

Std. Dev.  
(cm) 

Max. Depth 
(cm) 

Min Depth  
(cm)  

Pasture field 30 29.9 3.43 36 24 

Coniferous Forest (No.1) 30 19.6 4.48 28 8 

Soy bean field 30 22.5 5.72 37 16 

Unimproved pasture 30 35.8 6.23 48 23 

Coniferous Forest (No.2) 30 18.4 3.21 25 12 

Deciduous Forest 30 26.4 6.57 44 16 

B 2.2.3  Streamflow Data 

No long-term streamflow data exists for any of the Hespeler 

West subwatersheds.  However, for the purpose of this 

study, temporary water level recorders connected to digital 

data loggers were installed at four locations.  Initially, these 

four gauges were installed in November 2001, and 

operated for about three weeks until freeze-up, when they 

were removed. The gauges were re-installed in March 

2002, and have continued to operate throughout the study 

period. 

Rating curves, the relationship between water level and 

discharge, were developed for all three gauges in order to 

convert measured water level data to discharge values.  

The water level recorders measured discharge patterns in 

resulting from several significant rainfall events, which can 

be used to validate the hydrologic model in event mode.  In 

addition, the GAWSER model has been accurately 

calibrated to the characteristics of the Grand River and 

Speed River watersheds, and numerous other smaller 

watersheds of similar characteristics, which further 

reinforces confidence in the model results.  

B 2.3  Hydrologic Modelling 

The analysis of existing hydrologic conditions in the 

Hespeler West watersheds was handled using the 

GAWSER (Guelph All-Weather Sequential-Events Runoff) 

model, a deterministic watershed model based on the 

HYMO format. It has been applied widely in Ontario for 

planning, design, real-time flood forecasting, and 

evaluating the effects of physical changes in the drainage 

basin  (Schroeter & Associates, 1996; Schroeter and Boyd, 

1998).  GAWSER was originally set-up for the entire Grand 

River watershed in 1987-1988, and has since formed the 

heart of the GRCA real-time flood forecasting system.  

Within the last 6 years, it has been updated for continuous 

water balance simulations, and climate change impact 

assessment.  The procedures to set-up, calibrate and 

validate the model for hydrologic analyses developed by 

Schroeter and Boyd (1998) for the Eramosa River study 

were applied directly in the present analysis.  These 

procedures are fully documented in Appendix D. 
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B 2.3.1 Model Set-up 

As shown on Figure B 2.3.1, the study area has been divided 

into the three constituent subwatersheds for hydrologic 

modelling purposes.  East Creek, Middle Creek and West 

Creek were divided into 16, 29 and 20 subcatchment areas 

respectively.  These subcatchments were chosen to have 

stream crossings at all flow monitoring stations, to provide 

sufficient distributed flow inputs to the floodplain mapping 

(backwater curve) calculations, and to reflect the spatial 

variations in soil type, as well as present and future land 

use.  Other subcatchments were delineated to improve 

modelling results based upon:  i) large changes in 

longitudindal slope of major tributary streams within the 

subwatersheds, ii) the need to have subcatchment shapes 

such that a single overland flow path length is 

representative, iii) the degree of imperviousness (e.g., can 

it be classed rural or urban?), and iv) the drainage area 

contributing to large wetland or depresson storage areas 

(kettles). 

The drainage areas of the East, Middle and West Creek 

subwatersheds were found to be 160, 585 and 151 

hectares respectively.  Respective average subcatchment 

sizes in the hydrologic model for the subwatersheds are 10, 

21 and 8 hectares.  Fourteen reservoir elements with 

significant storage have been identified and considered in 

the model, 9 of which are natural depressions/wetlands 

with some recharge capability in the headwaters of the 

three main creeks.  Five constructed ponds, including 4 

industrial stormwater management facilities have also been 

included. 

To account for the wide variation in runoff generation 

response attributed to the different land cover features and 

soil types (e.g., source areas), the subcatchment elements 

were further subdivided into nine 'hydrologic response 

units' (HRUs); one impervious and eight pervious. These 

HRUs are defined in Table B 2.3.1.  

Table B 2.3.1  Hydrologic Response Unit Definitions 
Hydrologic 
Response 
Unit (RU) 

Description (vegetation/soil type) 

1 Impervious surfaces 
2 Open water and wetland areas (for direct 

contribution of precipitation) 
3 Clay Till with low vegetative cover 
4 Clay Till with high vegetative cover (e.g., 

Forests) 
5 Silt Till with low vegetative cover 
6 Silt Till with high vegetative cover 
7 Sandy Till with high vegetative cover 
8 Sand and Gravel with low vegetative 

cover 
9 Sand and Gravel with high vegetative 

cover 

These hydrological response unit definitions are exactly the 

same as those being applied in the overall Grand River 

model for the lower part of the Speed River. As such, the 

response unit drainage parameters are all well established 

through extensive calibration efforts over the last 14 years. 

Soil type areas for each subcatchment were measured from 

the quaternary geology map of the area, the same 

information used in the hydrogeologic investigations. Forest 

cover information was taken from Ministry of Natural 

Resources data set.  The drainage characteristics (e.g., 

hydraulic conductivity, soil-water contents, depression 

storage depths) for the various response units were taken 

directly from published information (e.g., Watt et al., 1989) 

and other studies involving applications of the GAWSER 

model (e.g., Schroeter & Boyd, 1998; Totten Sims Hubicki, 

1998; Schroeter et al., 2000a) within the Grand River basin. 

The elevation-area relationships for the five natural 

depressions/wetlands considered in the model were taken 

directly from available topographic mapping. 

Stream channel data are necessary inputs to both the 

overland flow and channel routing procedures in GAWSER.  
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Channel characteristics were based on numerous cross-

sections surveyed for the fluvial geomorphology component 

of the study, with hydraulic roughness values determined 

based on typical values for natural, excavated, and lined 

channel channels (Chow, 1959). 

Table B 2.3.2 summarizes the subcatchment characteristics 

for the Hespeler West subwatersheds.  On the whole, 22%, 

18% and 13% respectively of the East, Middle and West 

Creek subwatersheds is forested.  Correspondingly, 77%, 

59% and 45% of the subwatershed soils comprise lacustrine 

sand and outwash sand and gravel deposits.  

Appendix D gives additional information and details 

regarding the set-up of the existing conditions hydrologic 

model for Hespeler West.  This additional information 

includes the following: a) a full model schematic diagram 

showing the linkage between subcatchment, channel and 

reservoir elements, b) a detailed discussion of the parameter 

selection process, c) a sensitivity analysis, and d) an 

explanation of initializing the snow accumulation, re-

distribution and melt computations. 

Table B 2.3.2  Subcatchment Characteristics 

Subwater-
shed 

Sub-
catchment 

Area 
(ha) 

Length 
(m) 

Width
(m)

Imp
RU1

%

RU
2

%

RU
3

%

RU
4

%

RU
5

%

RU 
6 

% 

RU 
7 

% 

RU 
8 

% 

RU
9

%
FTB

1101 6.4 200 318 4.3 16.6 0 0 0 0 0 77.4 1.6 3
1103 16.6 350 238 8.8 0.1 0 0 0 0 0 90.3 0.9 2
1105 8.0 160 249 2.5 71.4 0 0 0 0 0 10.3 15.8 3
1110 7.5 300 125 3.7 0 0 0 0 0 0 96.3 0 2
1115 11.8 230 256 1.5 0 0 0 0 0 0 97.8 0.7 2
1117 19.0 410 231 1.7 0 0 0 0 0 0 97.4 0.9 2
1120 16.1 190 425 0 62.7 0 0 0 0 0 1.3 36 3
1125 6.7 211 159 0 0 0 0 33.3 0 0 36.9 29.8 2
1130 10.3 480 216 0 0.1 0 0 0 0 0 95.7 4.2 2
1135 12.4 450 50 10.9 0 0 0 83 1.4 0 4.6 0 1.2
1140 13.3 450 50 21.3 0 0 0 1.2 0 0 66.3 11.2 1.2
1142 5.2 110 237 0 64.8 0 0 0.5 5.8 0 6.3 22.6 3
1145 11.8 450 50 28.4 0 0.6 0 59.9 2.6 0 8.5 0 1.2
1150 12.0 600 100 4.8 1.7 11.6 0 46.7 1.9 0 30.8 3 2
1155 2.7 450 50 11.5 8.7 43.2 0 33.3 0 0 3.4 0 1.2

Ea
st

 C
re

ek
 

1160 1.1 20 269 6.5 7.6 70.9 1.6 6.2 7.2 0 0 0 2
2101 11.7 300 391 2.1 0.2 0 0 16.5 0 0 81.1 0 2
2105 7.1 130 273 4.9 48.1 0 0 0 0 0 30.4 16.6 3
2110 25.2 950 265 0.5 7.1 0 0 37.8 0 0 52.8 1.8 2
2115 38.5 900 428 4.6 26.4 0 0 0 0 0 61.2 8.1 3
2120 21.9 450 50 11.7 0 0 0 61.4 1.1 0 25.9 0 1.2
2125 51.0 850 600 7.2 22.9 0 0 59.9 9.9 0 0 0 3
2130 23.3 500 233 5.7 0 0 0 17.4 2.4 0 73.1 1.3 2

M
id

dl
e 

C
re

ek
 

2135 20.3 560 182 6.4 0 0 0 0 0 0 92.6 0.9 2
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Table B 2.3.2  Subcatchment Characteristics 

Subwater-
shed 

Sub-
catchment 

Area 
(ha) 

Length 
(m) 

Width
(m)

Imp
RU1

%

RU
2

%

RU
3

%

RU
4

%

RU
5

%

RU 
6 

% 

RU 
7 

% 

RU 
8 

% 

RU
9

%
FTB

2136 7.8 210 185 1 0 0 0 0 0 0 98.9 0.1 2
2137 16.2 430 188 0.3 65.8 0 0 0 0 0 21.9 12.5 3
2138 5.5 180 152 3.2 0 0 0 0 0 0 92.7 4.1 2
2139 4.0 160 125 5.6 14.5 0 0 0 0 0 76.5 3.5 3
2140 5.8 470 123 0 0 0 0 0 0 0 100 0 2
2141 27.7 760 364 3.9 0 0 0 0 0 0 94.3 1.7 2
2142 16.4 390 211 0 51.5 0 0 0 0 0 21.9 27.1 3
2143 27.8 600 464 4.4 4.9 0 0 0 0 0 85.6 5.2 2
2145 65.7 450 50 90 0 0 0 7.2 0 0 2.7 0 1.2
2150 27.0 470 287 2.2 7.4 0 0 11.4 1.6 0 71.5 5.8 2
2155 28.4 690 206 6.2 0 0 0 56.9 0.5 0 32.8 3.7 2
2160 22.1 370 298 3.2 21.9 0 0 4.4 0 0 54.9 15.8 3
2165 7.8 170 230 2.4 0 0 0 71 24.4 0 2.2 0 2
2170 28.2 380 371 1.2 0 0 0 28.2 12.6 0 48.5 9.5 2
2172 11.8 330 179 4.6 0 0 0 92.6 2.8 0 0 0 2
2173 12.8 450 50 12.5 0 1.4 0 40.5 14.9 0 29.1 1.5 1.2
2175 10.6 450 50 12.7 0 0.1 0 70.9 16.3 0 0 0 1.2
2180 6.8 180 188 5.2 1.1 78.1 0 13.5 2.1 0 0 0 2
2182 20.6 240 430 4.7 14.9 0 0 0 0 0 62.6 17.7 3
2185 22.5 610 184 9.5 10.2 16.3 0.9 21.3 12.6 0 26.2 3 3

 

2190 11.5 725 159 0.7 47 46.7 5.9 0 0 0 0 0 3
3101 15.1 450 50 90 0 0 0 9.9 0.1 0 0.1 0 1.2
3102 19.1 450 50 81.5 0 0 0 18.2 0.1 0 0.1 0 1.2
3103 4.8 390 123 0 0 0 0 0 0 0 100 0 2
3104 21.2 280 378 0.6 0 0 0 75.1 8.9 0 14.9 0.1 2
3105 7.9 230 171 2.5 54.4 0 0 1.5 23.4 0 3 15.1 3
3110 4.8 210 115 2.1 0 0 0 0 0 0 92.1 5.8 2
3115 2.4 190 64 0 36.8 0 0 0 0 0 58.6 4.6 3
3120 4.0 190 105 3.1 0 0 0 11.7 0 0 85.2 0 2
3125 5.5 210 131 2.5 0 0 0 0 0 0 96.7 0.8 2
3127 3.7 50 365 0 59.8 0 0 0 0 0 1.6 38.6 3
3130 11.4 450 50 90 0 0 0 0.2 0 0 9.7 0.1 1.2
3135 11.7 310 189 9.6 0 0 0 0 0 0 82.3 8.1 2
3140 5.0 90 276 3.3 52.1 0 0 0 0 0 13.3 31.2 3
3145 2.4 450 50 21.6 0 0 0 0 0 0 67 11.4 1.2
3150 7.0 230 151 7.2 0 0 0 0 0 0 92.8 0 2

W
es

t C
re

e\
k 

3155 5.2 140 184 2.4 0 0 0 53.3 22.1 0 18.3 4.1 2
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Table B 2.3.2  Subcatchment Characteristics 

Subwater-
shed 

Sub-
catchment 

Area 
(ha) 

Length 
(m) 

Width
(m)

Imp
RU1

%

RU
2

%

RU
3

%

RU
4

%

RU
5

%

RU 
6 

% 

RU 
7 

% 

RU 
8 

% 

RU
9

%
FTB

3160 10.8 500 216 9.6 0 20.4 1.5 59.8 2.4 0 6.3 0 2
3165 2.2 450 50 99.7 0 0.1 0 0 0 0 0.2 0 1.2
3170 1.4 450 50 12.2 0 40.6 0 9.1 0 0 38.1 0 1.2

 

3175 6.1 450 50 12.8 0.1 35.8 0 38.8 2.2 0 10.3 0 1.2

    Note: Definitions for response units (RUs) given earlier in this section. 

B 2.3.2 Model Validation 

Historic continuous streamflow measurements have not 

been available for the Hespeler West Creeks. The 

discharge data collected in this study have been collected 

for an insufficient length of time to fully measure the full 

range of flow expected along the creeks. Typically, this 

may take decades to develop and even then may be 

inadequate to accurately determine the 1:100 year storm 

flow.  In particular, there are no data for the winter months. 

In these circumstances, it is necessary to make use of 

more regionally based hydrologic information, particularly 

with regard to response unit drainage parameters. In this 

instance, the GAWSER model of the entire Grand River 

watershed provides the regionally based hydrologic 

information. The overall Grand River model has been 

extensively calibrated/validated over the last 14 years with 

streamflow data from more than 50 events at 40 gauges or 

more (see Schroeter et al., 2000a). The monthly parameter 

adjustment table established from these applications was 

used directly in the Hespeler West subwatersheds (see 

Appendix D).  

The streamflow data collected in the present study was used 

to confirm the parameter settings developed in the larger 

model. This form of assessment, although not as rigorous, 

gives a qualitative check on the model’s performance in 

terms of tracking of the timing of flows (routing) through the 

drainage network.   

B 2.3.3 Event Simulations 

The formulated hydrologic model for existing conditions 

described in the previous section was utilized to generate 

flood flow estimates resulting from return period events and 

the Regional Storm. For the return period flood flow 

estimates, the 3-hour Chicago Storm (with R=0.40) with 5 

minute time step was applied to the model.  Staff at the City 

of Cambridge Engineering Department provided the 

intensity-duration-frequency (IDF) information. 

The intensity-duration-frequency relationship for the City of 

Cambridge can be expressed as 

I =  A /(B + T)C 

where I is the rainfall intensity in mm/h, T is the storm 

duration in minutes, and A, B, and C are constants 

determined by regression analysis. Table B 2.3.3 gives the 

3-hour volumes and the fitted IDF curve constants used to 

develop the Chicago storm patterns for each return period 

event.    
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Table B 2.3.3 Event Characteristics 
Return 
Period 
(Years) 

3 Hour 
Volume 

(mm) 
A B C 

2 27.6 1778 13 1.000 
5 37.7 2463.8 16 1.000 

10 51.8 3454.4 20 1.000 
25 69.0 2530.0 18.8 0.8883 
50 77.7 2290.0 14.2 0.8508 

100 105.2 1977.8 10.8 0.7680 

For the Regional Storm flood flow estimates, the full 48-

hour pattern was taken from the Floodplain Management 

Guidelines (OMNR, 1986), and applied to the existing 

conditions hydrologic model, operating with a 10-minute 

computational time step. 

No areal reduction factors were applied to the storm 

volumes, because the computed values were very close to 

unity. The initial soil-water conditions were set at field 

capacity, which is believed to be normal for these events. 

The soil drainage parameter adjustment factors were set at 

their mid-October values. Table B 2.3.4 summarizes the 

results of applying the 3 hour Chicago Storms and the 

Regional Storm to the existing conditions hydrologic model. 

To help establish the ‘reasonableness’ of the estimated 

flood flows, a comparison of the flood flows generated for 

the Hespeler West subwatersheds using the event 

modelling outlined in this section are given in Table B 
2.3.5, together with estimates from the Index Flood Method 

(Moan and Shaw, 1985), and those generated by 

continuous simulation (outlined in the next section) for the 

period November 1, 1960 to October 31, 1999.   

Generally, the agreement between the different flood flow 

estimates is best for the 2-year event, with the greatest 

discrepancies occurring when comparing the flows from 

100-year Chicago Storm event with estimates from the 

other two techniques. The main reason for any 

discrepancies lies in the computational time applied in the 

event modelling compared with the continuous simulations.  

The Chicago Storms are applied using a five-minute time. 

Therefore using the IDF information in Table B 2.3.3 the 

100-year 5-minute rainfall intensity would be 238 mm/h.  

The continuous simulations are handled using a 60-minute 

(one hour) time step according to the available rainfall rate 

data. In these applications, the highest hourly rainfall (or 

snowmelt) intensity might be 60 to 70 mm/h, occurring 

maybe two to three times in a 39-year simulation. These 

differences in meteorological input intensities would be 

greatest for those subcatchments with little or no storage 

such as those that are currently urbanized. The significant 

storage volumes in the upper parts of the subwatersheds, 

particularly in Middle and East Creeks, would tend to 

dampen out the input intensity effects, particularly for the 

lower frequency events. In general, agreement between the 

Index Flood method and the continuous modeling is good.  

The major reason for any discrepancies in this case lies in 

the fact that the Index Method formula was developed 

using frequency flows from watersheds with much larger 

drainage areas (10 to 20 times) than the Hespeler West 

subwatersheds.  In summary then, there is enough 

agreement between some of the flows in Table B 2.3.5 to 

suggest that the estimated flood flows are reasonable, 

notwithstanding the complexities outlined above. 
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Table B 2.3.4  Summary of Flood Flows  Note: All flows in m3/s 

Creek Hyd No Point of Interest Area (km2) 25mm 1:2 yr 1:5 1:10 1:25 1:50 1:100 Regional

1503 Headwater Pond 0.309 0.043 0.084 0.237 0.459 0.699 0.85 1.31 1.84

1210 Mohawk Road 0.384 0.044 0.090 0.266 0.545 0.851 1.05 1.69 2.44

1213 Node 1213 0.502 0.044 0.090 0.266 0.545 0.851 1.05 1.69 3.42

1232 Lower Wetland 1.279 0.721 0.92 1.55 2.39 3.13 3.72 5.04 7.49

1235 Beaverdale Road 1.332 0.715 0.91 1.55 2.4 3.13 3.75 5.04 7.85Ea
st

 C
re

ek
 

1255 Speed River Outlet 1.607 1.21 1.52 2.56 3.96 5.22 6.14 8.34 10.3

2215 Middle  Block Road 1.044 0.672 0.862 1.54 2.45 3.30 3.92 5.46 6.45

2228 Middle Ck. Station 11+25 2.069 0.238 0.348 0.729 1.30 1.92 2.34 3.55 6.43

2235 Middle Ck. Station 16+25 2.285 0.239 0.364 0.786 1.43 2.13 2.61 4.00 7.81

2245 Maple Grove Road 4.019 0.527 1.04 2.71 4.97 7.80 9.41 14.2 21.2

2260 Briardean Road 4.602 0.654 1.24 3.18 5.82 9.11 11.0 16.6 25.0

2265 Farm Pond Inlet 5.140 0.746 1.40 3.59 6.58 10.4 12.5 19.1 28.6

2275 Hunt Club Road 5.304 1.04 1.44 3.68 6.79 11.0 13.2 20.1 30.0

M
id

dl
e 

C
re

ek
 

2285 Speed River Outlet 5.850 0.933 1.49 3.64 6.66 10.3 12.7 19.3 31.0

3501 Loblaws SWM Pond 0.151 0.064 0.084 0.216 0.441 0.688 0.818 1.21 1.47

3502 Seaforth SWM Pond 0.191 0.146 0.244 0.684 1.32 1.94 2.34 3.37 2.43

3204 Start Toyota Diversion 0.680 0.237 0.469 1.32 2.51 3.71 4.43 6.41 6.48

3210 West Ck u/s of ATS Site 0.848 0.239 0.485 1.44 2.82 4.24 5.11 7.62 8.03

3505 ATS SWM Pond 0.114 0.044 0.047 0.124 0.458 0.841 1.07 1.70 1.43

3235 Royal Oak Road 1.222 0.296 0.563 1.63 3.51 5.46 6.63 10.2 11.4

3245 Highway 401 1.382 0.36 0.592 1.63 3.41 5.33 6.45 10.0 12.5

3247 Hal Rogers Drive 1.403 0.408 0.593 1.63 3.43 5.38 6.51 10.1 12.7

W
es

t C
re

ek
 

3255 Speed R Outlet 1.477 0.663 0.714 1.65 3.37 5.34 6.51 10.2 13.0
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Table B 2.3.5  Comparison of Flood Flows at Creek Outlets 

Creek Area 
(km2) 

2 Year 
Event 
Model 
(m3/s) 

2 Year 
Cont. 

Model 
(m3/s) 

2 Year
Index
Flood
(m3/s)

10 Y
Event
Model
(m3/s)

10 Y
Cont.

Model
(m3/s)

10 Y
Index
Flood
(m3/s)

50 Y
Event
Model
(m3/s)

50 Y
Cont.

Model
(m3/s)

50 Y 
Index 
Flood 
(m3/s) 

100 Y 
Event 
Model 
(m3/s) 

100 Y
Cont.

Model
(m3/s)

100 Y
Index
Flood
(m3/s)

East Creek 1.60 1.52 0.69 1.05 3.96 1.55 1.65 6.14 2.15 2.26 8.34 2.42 2.51

Middle 
Creek 

6.05 1.49 3.30 3.23 6.66 5.46 5.07 12.70 7.07 6.92 19.30 7.71 7.69

West Creek 1.51 0.71 0.99 1.01 3.37 1.56 1.33 6.51 2.97 2.16 10.20 3.43 2.40

B 2.3.4 Continuous Simulations 

As noted earlier, a 39-year meteorological data set was 

prepared from climate stations in the surrounding area. The 

old Preston (MSC 6146711) station provided the longest 

record available that required very little processing to fill in for 

missing values.  

The 39-year dataset (From November 1, 1960 to October 

31, 1999) was applied to the existing conditions Hespeler 

West subwatersheds hydrologic model. Tables B 2.3.6 to 
B 2.3.8  gives a sample complete water balance table for 

the Hespeler West creeks at their outlets at the Speed 

River. This table shows how the individual water balance 

quantities change from one month to the next. Table B 
2.3.9 gives the mean annual water balance quantities for 

five locations within Hespeler West. 

Individual quantities in the table are expressed in a water 

balance 

Precip  =   (ET/SUB) +  Runoff   +  Baseflow  +  Losses 

where ‘Precip’ represents the total precipitation (rainfall 

plus snowfall), (ET/SUB) is the combined 

evapotranspiration and sublimation total, ‘Runoff’ is the 

mean annual surface runoff, ‘Baseflow’ is the portion of  the 

infiltrated water that returns to the stream,  and ‘Losses’  

signifies the amount of  infiltrated water that does not return 

to the receiving stream. The ‘Losses’ total also includes 

changes in the volume of water stored in the system. ‘Total 

Flow’ is the sum of  ‘Runoff ‘ and ‘Baseflow’. 
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Table B 2.3.6  Water Balance Summary East Creek at the Speed River 

  Water Balance Quantities (in mm)  
    Infiltration Total 
Month Precip ET Runoff (Baseflow) (Losses) Flow 
Jan 50.2 7.8 7.5 18.5 16.5 25.9 
Feb 45.5 6.9 12.6 16.8 9.3 29.3 
Mar 64.8 10.6 23.4 21.6 9.2 45.0 
Apr 78.8 58.7 11.9 33.6 -25.5 45.5 
May 76 97.4 3.8 42.6 -67.8 46.4 
Jun 83.3 94.3 4 25.3 -40.3 29.3 
Jul 87.2 75.9 4.2 17.4 -10.4 21.7 
Aug 86.5 69.8 4.8 14 -2.1 18.8 
Sep 82.8 47.8 3.8 11.5 19.6 15.3 
Oct 73.5 37.4 4.2 10.8 21.1 15 
Nov 86.7 18.6 7.9 12.6 47.6 20.5 
Dec 67 7.4 9.7 16.4 33.5 26.1 
       
Total 882.1 532.6 97.8 240.9 10.7 338.8 

       

Table B 2.3.7   Water Balance Summary Middle Creek at the Speed River 

  Water Balance Quantities (in mm)  
    Infiltration Total 
Month Precip ET Runoff (Baseflow) (Losses) Flow 
Jan 50.2 7.8 10.2 16.7 15.6 26.9 
Feb 45.5 6.9 15.4 14.3 8.9 29.7 
Mar 64.8 9.9 33.3 17.7 3.9 51 
Apr 78.8 54.7 21.9 22 -19.8 43.9 
May 76 93.7 10.4 24.3 -52.5 34.7 
Jun 83.3 90.5 11.6 14.8 -33.6 26.4 
Jul 87.2 73.2 12.3 8.5 -6.8 20.8 
Aug 86.5 67.6 13.1 5.5 0.2 18.7 
Sep 82.8 46.8 10.9 5 20.1 15.9 
Oct 73.5 36.6 11.1 6.4 19.3 17.6 
Nov 86.7 17.9 18.8 11.3 38.8 30.1 
Dec 67 7.3 16.6 16.7 26.4 33.3 
       
Total 882.1 512.7 185.6 163.3 20.4 348.9 
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Table B 2.3.8  Water Balance Summary West Creek at the Speed River 
  Water Balance Quantities (in mm)  
    Infiltration Total 
Month Precip ET Runoff (Baseflow) (Losses) Flow 
Jan 50.2 7.8 14.4 13 15 27.4 
Feb 45.5 6.9 21.5 11.2 5.9 32.7 
Mar 64.8 9.6 44.5 13.4 -2.8 58 
Apr 78.8 47.4 31.4 16.2 -16.2 47.7 
May 76 79.4 19.2 19.5 -42 38.6 
Jun 83.3 77.7 21.3 13.3 -29.1 34.6 
Jul 87.2 63.3 22.7 7.9 -6.8 30.6 
Aug 86.5 58.7 23.6 5.4 -1.3 29 
Sep 82.8 41.2 20.9 4.7 16 25.5 
Oct 73.5 32.6 19.9 5 16 24.9 
Nov 86.7 16.8 29.3 8.4 32.1 37.7 
Dec 67 7.2 22.5 12.8 24.5 35.3 
       
Total 882.1 448.7 291.3 130.7 11.3 422 

 

Tables B 2.3.6 to B 2.3.8 illustrate that between 26% and 

36% of the total annual runoff volume occurs in March and 

April. The negative values for the ‘losses’ suggest that 

water is being pulled from soil-water storage in order to 

satisfy the evapotranspiration potential.  

Notice that for June, evapotranspiration exceeds the mean 

precipitation depth of 83.3 mm, on East and Middle Creeks.  

Since 29.3 mm and 26.4 mm of water leave the East Creek 

and Middle Creek subwatersheds, respectively, as runoff 

plus baseflow, then the deficit created by having less 

precipitation than ET means that water must come from soil-

water storage.  

Table B 2.3.9  Mean Annual Water Balance 

    Water Balance Quantities (in mm)  

  Infiltration 
Hyd 
No. Location 

Area 
(km2)

Precip.
(mm) ET

(mm)
Runoff 

(mm)
Baseflow  

(mm) 
Losses 

(mm)

Total Flow
 (mm)

1210 East Creek at Mohawk Road 0.384 882.1 514 88.1 121.8 158.2 209.8
1225 East Creek at Maple Grove Rd 1.023 882.1 537 36.1 74.2 234.8 110.3
1235 East Creek at Node 1235 1.332 882.1 534.5 70.5 268.6 8.5 339.1
1240 East Creek at Beaverdale Road 1.450 882.1 529.5 89.7 253.9 9 343.6
1255 East Creek at Speed R outlet 1.607 882.1 532.6 97.8 240.9 10.7 338.8
2504 Middle Ck at Middle Block Road 1.040 882.1 552.2 116.9 138.6 74.4 255.4
2228 Middle Ck at Node 2228 2.069 882.1 556.6 127.1 148.4 50 275.5
2245 Middle Ck at Maple Grove Road 4.019 882.1 492.2 210 122.9 56.9 332.9
2250 Middle Ck at Speedsville Road 4.303 882.1 497 205.8 125 54.3 330.8
2275 Middle Ck at Hunt Club Road 5.304 882.1 509.8 192 127.4 52.8 319.5
2285 Middle Ck at Speed R outlet 5.850 882.1 512.7 185.6 163.3 20.4 348.9
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Table B 2.3.9  Mean Annual Water Balance 

    Water Balance Quantities (in mm)  

  Infiltration 
Hyd 
No. Location 

Area 
(km2)

Precip.
(mm) ET

(mm)
Runoff 

(mm)
Baseflow  

(mm) 
Losses 

(mm)

Total Flow
 (mm)

3501 West Creek: Loblaws SWM Pond 0.151 882.1 213 659.5 10.1 -0.6 669.6
3502 West Creek: Seaforth SWM Pond 0.191 882.1 248.8 612.5 19 1.8 631.5
3505 Outflow ATS SWM Pond 0.114 882.1 214.2 644.1 26.3 -2.5 670.4
3235 West Creek at Royal Oak Road 1.222 882.1 434 301 108.4 38.6 409.5
3245 West Creek u/s Highway 401 1.381 882.1 448.5 287.9 108.8 36.9 396.7
3250 West Creek at Hal Rogers Drive 1.417 882.1 445.2 293.5 132.7 10.7 426.2
3255 West Creek at Speed R outlet 1.477 882.1 448.7 291.3 130.7 11.3 422

    Note:  Mean Annual Precipitation is 882 mm for all locations. 

 

The quantities listed in Table B 2.3.9 represent the areal 

mean values for the drainage area upstream of the stated 

location.  For the overall study area, notice that the 

percentage of mean annual precipitation increases from East 

Creek, to Middle Creek, to West Creek (11%, 21% and 33% 

respectively).  Conversely, evapotranspiration (60%, 58% 

and 51% respectively) and infiltration (26.5%, 20.6%, and 

16.1%) decrease from East Creek to West Creek.  This is 

the result of increasing development in a westerly direction; 

East Creek is very lightly developed while Middle Creek 

contains some industrial and residential development and 

West Creek contains a number of large industrial sites.  

Surficial geology is also a factor, soils in the study area 

become less pervious towards the west, with sand and 

gravel giving way to glacial till.  

Generated peak flows at the outlet of East, Middle and West 

Creeks are given in Table B 2.3.4.  Low flows are not listed 

because they go to zero every year, and so the frequency 

table would contain mostly zero values.  

Figures B 2.3.2, B 2.3.3 and B 2.3.4 give the flow-duration 

curves at the outlets for East Creek, Middle Creek and West 

Creek. In general, these curves represent subwatersheds 

with significant amounts of storage, as suggested by the 

steady decline between the 20% and 80% exceedance 

times.  This steady decline in the flow duration curve is 

indicative of water being evaporated or leaking (recharge) 

from significant storage areas.  

The flow duration curves suggest that flow East and Middle 

Creeks only rarely goes to zero, while West Creek may go to 

zero about 4% of the time.  More than 50% of the time flows 

at the subwatershed outlets are less than 13 L/s for East 

Creek, less than 45 L/s for Middle Creek, and 4 L/s for West 

Creek.  
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Figure B 2.3.2 Flow Duration Curves – East Creek 

Figure B 2.3.3  Flow Duration Curves – Middle Creek 
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Figure B 2.3.4  Flow Duration Curves – West Creek 

B 2.4  Hydrologic Considerations 

The major considerations in establishing hydrologic 

management targets are: 

1. Increases in peak flows due to uncontrolled 

development will cause additional flooding in 

downstream areas.  In addition, careful 

consideration should be given to the discharge of 

runoff from development to ensure that the fluvial 

and aquatic characteristics of the creek are not 

impacted. Typically, peak flows are matched to 

existing calibrated hydrographs and these have 

been provided for the Hespeler West 

subwatersheds. 

2. Advancing the hydrograph will change the flow 

duration characteristics of the system.  The 

hydrograph peak should not be advanced and 

should be maintained to within 75% or greater of 

the calibrated hydrograph. 

3. The soils in the Hespeler West subwatersheds 

consist of approximately 60% sand and gravel, 

which are highly permeable resulting in relatively 

low runoff volumes. Because of low runoff 

volumes, the infiltration amounts are very high, 

suggesting significant contributions to 

groundwater storage (recharge). Infiltration 

contributes to the local groundwater table, which 

provides baseflow to the wetlands, ponds and 

rivers within the East, Middle and West Creek 

watersheds.  Recharge may also be directed to 

Chilligo Creek (see Section B 1.0), a coldwater 

system.  Therefore, infiltration rates should be 

maintained.  
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4. The flow attenuation function of the wetlands and 

natural depressions in the headwaters of the East, 

Middle and West Creeks should be maintained. 

5. To ensure that discharge from the stormwater 

management facilities does not impact riparian 

systems, extended detention should be used to 

provide additional volume control for erosion 

protection. This will also enhance baseflow to the 

streams. 

6. The subwatershed is naturally buffered from 

extreme runoff events because of significant 

natural storage areas in the headwater areas. 

Management decisions need to protect these 

features for the Hespeler West subwatersheds. 

B 3.1 Introduction 

Floodplain hydraulics are important in order to determine 

the Regional Storm (and event) flood elevations for the 

Hespeler West watercourse corridors.  As indicated in the 

revised Terms of Reference, the flood elevations for 

Hespeler West will be determined from the Speed River 

floodplain (where the elevations are already established by 

the GRCA) to the wetland areas that mark the origins of the 

three creeks in the study area.  In addition to determining 

Regional Storm flood elevations, the analysis will also 

consider the flood frequencies of all structures within the 

floodplain (including culverts/road crossings, buildings and 

structures).  As per GRCA policy and provincial guidelines, 

flood flows are assumed to be based on future conditions 

as discussed further in Section C and Appendix D and E.  

The use of ultimate flood flows and floodlines will allow 

biologists, geomorphologists, planners, and engineers to 

understand the ultimate effects on the creek system and 

make allowances for these flows.  

B 3.2 Hydraulic Modeling 

The hydraulic modeling conducted for East Creek, Middle 

Creek and West Creek used the HEC-RAS v.2.2 (Hydraulic 

Engineering Centre River Analysis System) model 

developed by the U.S. Army Corps of Engineers.  The HEC 

family of software is the standard tool used to calculate 

flood elevations throughout the Province of Ontario 

(including areas within the Grand River watershed) and it is 

therefore appropriate to apply the HEC-RAS program to the 

Hespeler West subwatersheds.  

The model requires fairly detailed cross sections of the 

creek and valley areas (floodplain) in order to accurately 

determine flood elevations.  Cross sections were 

constructed based on the results of a total station survey 

conducted in June 2002, as well as digital topographic data 

and cross-section surveys from the fluvial geomorphology 

component of the study.  The locations of HEC-RAS cross 

sections on East, Middle and West Creeks used for the 

analysis are shown on Maps 1A – 1E.  Section views for all 

cross sections are provided with the model output in 

Appendix E.  The digital topographic data and contour 

information were provided to PEIL by the City of Cambridge 

for use during the project.  In the course of the field 

investigations and subsequent analysis, there were no 

apparent discrepancies in elevations or related data from 

the contour layer when compared with field surveys.  

Therefore, we have confidence that the quality of mapping 

produced by PEIL meets all appropriate FDRP standards. 

Water surface elevations from the GRCA HEC-2 Speed 

River model were used as the downstream boundary 

condition for the analysis.  Elevations for the 2- through 

100-year events as well as the Regional storm event were 

taken from the HEC-2 cross-sections closest to the outlets 

of East, Middle and West Creeks, or interpolated if 

necessary.  By this method, the starting water level 

B 3.0  FLOODPLAIN HYDRAULICS 
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estimates for the Hespeler West HEC-RAS models have a 

concrete basis.  Also, the results will provide conservative 

estimates of the extent of flooding on East Creek, Middle 

Creek and West Creek, particularly at the downstream 

ends; because it is assumed that the flood events on the 

creeks and the Speed River are occurring at the same 

time.  

Using flows from the hydrologic modeling described in 

Section B 2.0 and Appendix D, Regional Storm flows as 

well as event flows (2-year through 100-year storms) for 

ultimate conditions for SWM controls were evaluated in the 

HEC-RAS model to determine flood elevations.  The model 

summary output is provided in Appendix E.  Flood 

elevations at specific locations (for the Regional Storm 

events) are summarized in Table B 3.2.1.  Floodlines for 

East, Middle and West Creeks are shown on Figure B 3.2.1 

as well as in the detailed floodplain mapping on Maps 1A –

1E. 

Initial floodline mapping using the HEC-RAS analysis 

results indicated a very large extent of flooding upstream of 

the Middle Block Road embankment during the Regional 

Storm Event.   However, it was not certain whether there 

was sufficient volume of runoff generated upstream of 

Middle Block Road to back up to the level suggested by the 

HEC-RAS model.  This was investigated using the 

GAWSER model to report the volume of runoff stored in the 

area upstream of the embankment, which had already 

been modeled as a reservoir storage element in the model.  

The results showed that approximately 192,000 m3 of 

storage is utilized in this areas during the Regional Event, 

which corresponds with an elevation of approximately 

310.28 m on the stage-storage-discharge curve for this 

element.  Although this is slightly lower than the flood 

elevation of 310.34 m calculated by the HEC-RAS model 

immediately upstream of Middle Block Road, the effect of 

the 0.06 m difference on the extent of flooding is negligible 

and the values are considered equal by the GRCA due to 

rounding off to one significant digit. Consequently, the 

original HEC-RAS results were used for plotting the final 

floodlines on Middle Creek. 

Table B 3.2.1  Regional Flood Elevations 

Creek Section No. Cross-Section Location 
Ultimate Conditions 
Regional Flood 
Elevation (m) 

East 2699 Headwater wetland 310.26 
 2618.5 0.610 metre ∅ CSP culvert under Mohawk Road 310.26 
 2056 350 metres upstream of Maple Grove Road 307.81 
 1615.5 1.140 metre ∅ CSP culvert under Maple Grove Road 307.79 
 1083 450 metres upstream of Beaverdale Road 300.99 
 717.5 0.910 metre ∅ CSP culvert under Beaverdale Road 296.03 
 598 0.760 metre ∅ concrete culvert under farm lane 292.12 
 260 250 metre upstream of outlet to Speed River 285.77 
Middle 5364 Headwater wetland 310.36 
 5194.5 0.610 metre ∅ CSP culvert under Middle Block Road 310.34 
 4509 600 metre downstream of Middle Block Road 307.97 
 3383 300 metre upstream of Maple Grove Road 306.51 
 3037 Twin 1.400 metre ∅ CSP culverts under Maple Grove Road 306.49 
 2655 Twin 1.400 metre ∅ CSP culverts under Speedsville Road 305.90 
 1705.5 1.525 metre x 0.830 metre CSP arch culvert and 1.070 metre x 0.635 

metre CSP arch culvert under Briardean Road 
303.53 

 1483 250 metre downstream of Briardean Road 300.03 
 1324 0.800 metre ∅ CSP culvert under farm lane 300.04 
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Table B 3.2.1  Regional Flood Elevations 

Creek Section No. Cross-Section Location 
Ultimate Conditions 
Regional Flood 
Elevation (m) 

 945 Farm Pond 290.41 
 627 Twin 1.220 metre x 2.450 metre box culvert under Hunt Club Road 284.56 
West 1728 Outlet of Toyota diversion pipe 299.50 
 1322 ATS property boundary 297.31 
 1067 250 metre upstream of Royal Oak Road 297.21 
 713 1.830 metre ∅ CSP culvert under Royal Oak Road 297.15 
 463 250 metres downstream of Royal Oak Road 286.07 
 235.5 3.670 metre x 1.500 metre box culvert under Highway 401 278.82 
 186 4.000 metre x 1.100 metre box culvert under Hal Rogers Drive 278.38 

 

Table B 3.3.1  Hydraulic Summary of Hespeler West Structures 

Creek Structure No. Description Location Frequency 
Flooded 

East 1 0.610 metre ∅ CSP culvert Mohawk Road crossing 10 years 
 2 1.140 metre ∅ CSP culvert Maple Grove Road crossing 25 years 
 3 0.910 metre ∅ CSP culvert Beaverdale Road crossing 10 years 
 4 0.760 metre ∅ CSP culvert Farm lane crossing 5 years 
Middle 5 0.610 metre ∅ CSP culvert Middle Block Road crossing 5 years 
 6 2 x 1.400 metre ∅ CSP culvert  Maple Grove Road crossing 100 years 
 7 2 x 1.400 metre ∅ CSP culvert Speedsville Road crossing 25 years 
 8 1.525 metre x 0.830 metre and 1.070 metre x 

0.635 metre CSP arch culverts 
Briardean Road crossing 5 years 

 9 0.800 metre ∅ CSP culvert Farm lane crossing 5 years 
 10 2 x 1.220 metre x 2.450 metre box culvert Hunt Club Road crossing 25 years 
West 11 1.830 metre ∅ CSP culvert Royal Oak Road crossing REG 
 12 3.670 metre x 1.500 metre box culvert Highway 401 crossing >REG 
 13 4.000 metre x 1.100 metre box culvert Hal Rogers Drive crossing REG 

 

B 3.3  Flooding Frequency 

A summary of structures within the floodplain and their 

frequency of flooding are provided in Table B 3.3.1. 

Table B 3.3.1 demonstrates that flood elevations are 

sufficient to cause overtopping of all roadways within the 

study area under conditions varying from the 2-year rainfall 

event to the regional storm.  The frequency of flooding at 

the farm lane crossings on East and Middle Creeks, as well 

as at Middle Block Road and Briardean Road on Middle 

Creek and Mohawk Road on East Creek, is relatively high 

but not excessive given existing traffic volumes on these 

roadways.  Maple Grove Road, Speedsville Road and 

Royal Oak Road have acceptable overtopping frequencies 

for arterial roads (25+ years).   

However, the 10-year frequency of flooding at the 

Beaverdale Road crossing is not acceptable for a major 

arterial road.  The hydraulics of the culvert structure at this 

location were investigated to determine if opportunities 

exist to eliminate or reduce flooding through upstream flow 

control.  The HEC-RAS model results indicated that the 

existing capacity of the culvert is approximately 1.6 m3/s,  
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which is slightly greater than the 1:5 year event discharge.  

The existing Regulatory Flood discharge at the culvert 

is much larger at 9.5 m3/s, which would require an 

impractically large flow control facility to control to the 

capacity of the culvert.  It is therefore recommended that 

the frequency of flooding at the Beaverdale Road crossing 

be reduced by upgrading the culvert structure to pass the 

25-year event discharge as a minimum. This should be 

investigated during any reconstruction of Beaverdale Road. 

B 3.4  Summary of Hydraulic 
Considerations for Management Targets 

Based on the foregoing analysis, the major considerations 

in establishing hydraulic management targets are: 

• To maintain existing floodlines for all events 

up to the 100 yr. event, stormwater 

management strategies must ensure that 

post-development peak flows do not exceed 

pre-development levels. 

• The Regional Storm floodline should be 

accepted as the Regulatory floodline by the 

GRCA.   

Any channel alterations or structure removals will ultimately 

require an update of the HEC-RAS model to reflect these 

changes. 

 

B 4.1  Introduction 

Each watercourse is a separate entity, responding to inputs 

and stresses imposed upon it, inputs and stresses which 

are not transferable from watershed to watershed.  Each 

stream is assessed independently of all others, to properly 

assess the unique stresses and responses of each 

watershed. This allows us to provide management 

strategies and options which are specific to the watershed 

under study.  Additional background information is provided 

in Appendix F1. 

B 4.2  Specific Concerns Relating to 
Hespeler West Streams 

In order to properly assess the stream courses, it is 

essential that each creek be dealt with individually, rather 

than collectively. This arises from the fact that stresses 

operating on either East, Middle or West Creeks may not 

be operating on the others, and also from the fact that 

resilience to stresses will be different for each different 

watercourse. Clearly, Middle Creek is undergoing the 

majority of stresses at present with extensive development 

in the upper areas of the watershed. East and West 

Creeks, being smaller and less developed, are in a different 

phase of stability and should not be considered with Middle 

Creek.  

Assessment of the Hespeler West creek systems began in 

the late Fall 2001 and was completed in August 2002. 

B 4.3  Detailed Studies 

The following assessments within the context of the 

Hespeler West Subwatersheds Study are undertaken 

individually on East, Middle and West Creeks: We have 

conducted stream walks on all reaches of each creek to 

characterize the entire system using a rapid geomorphic 

assessment approach. During this component we have 

identified reaches that characterize each of the streams in 

the study, and are subjecting these to detailed geomorphic 

analysis.  

B 4.0  FLUVIAL GEOMORPHOLOGY 
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A geomorphological assessment includes the examination 

of channel and valley morphological characteristics; 

physical habitat attributes; and fluvial processes. The result 

is a detailed total flow analysis for the system, which is 

instrumental in assessing alternative strategies for the 

area. 

B 4.3.1  Summary of Work Performed 

The Hespeler West Creeks have been assessed on a 

reach perspective, with each reach representing process 

boundaries that are appropriate to the functioning of each 

creek. In particular, attempts were made to choose reaches 

in the upper plateau, transitional high gradient, and lower 

depositional zones of each creek system.  

Each Creek has been divided into representative reaches 

and each reach further subdivided into 10 cross-sections (5 

pools and 5 riffles in sequence) that were surveyed and 

subjected to detailed analysis. Reach characteristics are 

summarized below. In total there were 8 reaches (2 on 

East Creek, 3 each on Middle and West Creeks) for a total 

of 80 cross-sections (40 pools and 40 riffles). This level of 

detail was felt to provide ample information to properly 

characterize the creeks. Reach segment locations and 

individual cross-sections are found in Figure B 4.3.1. 

East Creek, Reach One (see Photograph B4) is located 

downstream of Beaverdale Road in a low-density 

residential area, upstream of the confluence with the Speed 

River.   In this area, the channel flows through a relatively 

flat area, which consists primarily of manicured lawn.  No 

riparian buffer exists as the grass is mown right up to the 

channel banks.  In-channel vegetation consists primarily of 

grass-species that have colonized the channel bed and 

banks.   The reach is somewhat sinuous with a number of 

well-formed bends.  The channel is well connected with the 

floodplain at the top end of the reach but becomes 

increasingly entrenched in the downstream direction, and 

as a result cross-section dimensions are highly variable.  A 

number of areas contain vegetated mid-channel bars, 

which are submerged at the bankfull stage.  During early 

site visits, significant bank erosion and bank failure were 

observed in a number of locations in the reach.  However, 

later observations suggested that a resident is maintaining 

the creek channel by replacing earth and re-vegetating 

eroded banks.  Bed sediment in the reach is generally 

composed of cobble- to gravel-size particles, except at the 

extreme downstream end of the reach where much finer 

material was observed. 

East Creek, Reach Two (see Photograph B5) is located 

upstream of Beaverdale Road and is set in a corridor 

bordered by the Idylwild subdivision to the west and a 

private residence to the east, downstream of a large 

wetland.  A riparian buffer approximately 5-10 metres in 

width borders the stream on either side, which consists 

primarily of herbaceous species with a few willows, 

dogwoods and larger trees.  In-channel vegetation is 

sparse to non-existent. The channel is well defined and 

relatively straight, and is well connected with the floodline 

for the entire length of the reach.  Channel banks are near 

vertical but low and well-vegetated in most areas, with no 

evidence of significant bank erosion or failure.   Bed 

sediment consists of a mix of cobble- to sand-sized 

particles with small accumulations of fine sediment found 

periodically.   

Middle Creek, Reach One (see Photograph B6) is located 

approximately 100 metres upstream of the confluence with 

the Speed River, in a large wetland area that extends 

upstream to Hunt Club Road.  The channel through the 

reach is bordered by grassy wetland areas although its 

meandering course periodically extends to the wooded 

areas on either side.   There is little vegetation within the 

channel although watercress was observed in a few 

locations.   The channel is well defined through the study 

reach but tends to disappear into the wetland in areas 
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upstream. Connectivity with the floodplain is good with low, 

well-vegetated banks throughout.  The channel bed is 

generally composed of material ranging from bedrock to 

boulder-sized material. 

Middle Creek, Reach Two (see Photograph B7) is situated 

in a wooded area upstream of the farm pond north of Hunt 

Club Road.   The channel flows through an area of mature 

woods with some smaller species and herbaceous plants 

found near the channel banks.  The channel is mildly 

sinuous and is significantly wider than in Reach One.   The 

channel is well connected to the floodplain throughout most 

of the reach although bank height varies with a number of 

higher banks particularly where the channel impinges on 

the valley walls.  Bank vegetation is generally sparse, likely 

because of shade cover, and the banks appear to be 

eroding more actively than in other areas.  Some banks are 

near vertical while others are undercut.  There are also 

significant amounts of large woody debris (LWD) in the 

channel throughout the entire reach.  The channel bed 

consists primarily of cobble-size material with 

accumulations of smaller material found, particularly in 

pools.   

Middle Creek, Reach Three (see Photograph B8) is 

located immediately upstream of Briardean Road, in a large 

wooded area.  The channel is mildly sinuous but flows 

around a very large valley bend, and is somewhat narrower 

than in Reach 2.  Riparian vegetation consists primarily of a 

dense growth of herbaceous species at the downstream 

end, giving way to sparser, larger woody species upstream.  

In the downstream area, the channel cross-section is 

relatively narrow and deep, with well-vegetated, vertical 

banks.  Upstream, vegetation coverage of the banks is 

poor and the channel is wider with sloping banks that 

appear to erode readily.  There are a number of areas with 

high banks at the upstream end where the channel 

impinges on the outside of the bend in the valley wall that 

appear to be actively eroding and contributing sediment to 

the channel.   Large quantities of large woody debris are 

also found in this reach.  Bed sediment is highly variable, 

ranging from sand and silt to gravel and cobbles.  In 

general, the bed material tends to become coarser towards 

the upstream end of the reach. 

West Creek, Reach One (see Photograph B9) is found 

immediately upstream of the confluence with the Speed 

River, in Riverside Park, through a wetland area east of the 

park’s playing fields.  The channel is relatively straight 

which may be the result of past channelization activities.  In 

cross-section, the channel is narrow and of medium depth, 

with near-vertical, well-vegetated banks in most areas.   

There is no evidence of significant bank erosion or failure.  

Riparian vegetation consists of dense herbaceous growth 

with some willows, dogwoods and larger species.  The 

riparian corridor is extensive on the west bank of the creek 

but is only about 5 metres wide on the east side where it is 

limited by Hal Rogers Drive.   The channel bed consists 

primarily of sand-sized sediment with occasional cobbles.  

In some locations the bed is supported by dense root 

structures from riparian vegetation with no loose sediment 

apparent.   

West Creek, Reach Two (see Photograph B10) is situated 

approximately 100 metres downstream of Royal Oak Road 

in a mature woodlot.  The channel is relatively straight but 

tends to meander from one side to the other of the narrow, 

steep channel valley.    The channel is wider and shallower 

than in Reach 1, with a wide corridor of sparse riparian 

vegetation that consists primarily of woody species.  The 

channel is well connected with the floodplain, and the 

channel banks are low with a relatively mild slope 

throughout.  However, there is evidence of erosion on 

exposed bank material at some locations.  The channel 

bed consists largely of cobble-sized material with gravel 

and sand found in the interstices of the larger particles.  

Significant LWD is found throughout. 
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West Creek, Reach Three (see Photograph B11) is 

located north of the ATS industrial site on Royal Oak Road, 

in a large wooded/wetland area.  The wide riparian corridor 

consists primarily of herbaceous species near the channel 

banks, giving way to large woody species further away 

from, the stream.  The channel is narrow and of medium 

depth with well-vegetated banks throughout, with 

occasional LWD.   The channel is mildly sinuous with a 

medium gradient, and is well connected to the floodplain 

within the wide channel valley.  The channel bed is 

composed of fine sand- and silt-sized material with 

occasional gravel and cobbles.  There is no significant 

evidence in the reach of recent bed or bank erosion. 

In addition to the reaches described above, a number of 

highly modified, channelized sections were noted, and 

though they did not comprise part of the geomorphic 

assessment that follows, they do require inclusion as they 

affect the natural functioning of these creek systems. 

Table B 4.3.1  Channelized Sections of the Study Creeks 

Creek Channelized Areas 
East Creek • Artificial channel cut through wetland south of Mohawk Road, no reinforcing 

materials. 
• Drainage ditch along Beaverdale Road – lined with riprap/riverstone. 
• Last 200 metres or so before Speed River confluence – relocated and straightened 

for Highway 24, lined with riprap. 
 

Middle Creek • Entire length of channel between origin and where it heads south of Maple Grove 
Road was artificially constructed (originally called Hunsperger Drain) through what 
was historically a wetland, no reinforcement in channel upstream of Maple Grove, 
riprap along Maple Grove. 

• Channel lined with riprap from farm pond down to Hunt Club Road. 
 

West Creek • Entire upper length of creek to Boxwood Drive has been either removed or piped 
underground. 

• Section through Riverside Park looks like it has been relocated and straightened to 
accommodate Speedsville Road/Hal Rogers Drive, no reinforcement in channel. 

 
B 4.3.2  Morphological Assessment 

Morphological characteristics for the study creeks were 

assessed using standard desktop methods to determine 

characteristics such as meander amplitude, wavelength, 

and arc length, as well as sinuosity. In order to properly 

understand the results the creeks were divided into similar 

reaches according to morphological characteristics; these 

reaches do not necessarily correspond with process 

reaches as discussed in Section B 4.3.1, due to the high 

degree of alteration of some reaches of the creeks (see 

Table B 4.3.1). 

Each of the creeks in the Hespeler West subwatersheds 

were subjected to a desktop analysis of stream 

morphological characteristics, in order to summarize 

general trends in the creeks and to give supplemental 

information to the analysis of detailed field data (Table 
B4.3.2). Morphological characteristics considered for this 

exercise included: Sinuosity (channel length vs. valley 

length); Meander arc length (length of meanders along the 

channel bottom); Meander wavelength; and Meander 

amplitude (also referred to as belt width). For each creek 

and sub-reach these characteristics were gleaned from 

recent air photos which were amplified in scale in order to 

properly identify individual features. 
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Table B 4.3.2  Morphological Analysis of Creek Segments 

Creek, Reach 
Segment 

Channel 
Length 

(m) 

Sinuosity 
Index 

Meander 
Arc 

Length (m) 

Meander 
Wavelength 

(m) 

Meander 
Amplitude 

(m) 
East Creek (entire Creek) 
 

Headwaters to Maple Grove Road 
 
 
 

Maple Grove Road to Beaverdale Road 
 
 
 

Beaverdale Road to Speed River 
 

 
 

2845 
 

1181 
 
 
 

889 
 
 
 

774 

1.06 
 

1.03 
 
 
 

1.07 
 
 
 

1.08 

 
 
Min 34.93 
Max 127.0 
Avg 63.82 
 
Min 19.05 
Max 33.02 
Avg 26.8 
 
Min 69.85 
Max 79.37 
Avg 73.03 

 
 
Min 22.23 
Max 120.65 
Avg 55.04 
 
Min 12.7 
Max 47.63 
Avg 22.23 
 
Min 50.8 
Max 79.38 
Avg 68.79 

 
 
Min 15.87 
Max 31.11 
Avg 21.08 
 
Min 12.7 
Max 15.9 
Avg 13.97 
 
Min 6.35 
Max 19.05 
Avg 15.87 

Middle Creek (Entire Creek) 
 

Headwaters to Maple Grove Road 
 
 
 

Maple Grove Road to Briardean Road 
 
 
 

Briardean Road to Hunt Club Road 
 
 
 

Hunt Club Road to Speed River 
 
 
 

 

5399 
 

2461 
 
 
 

1174 
 
 
 

1111 
 
 
 

652 

1.30 
 

1.34 
Not true SI* 

 
 

1.09 
 
 
 

1.73 
 
 
 

1.14 

 
 
No Real 
Meanders 
 
 
Min 28.58 
Max 114.3 
Avg 66.67 
 
Min 31.8 
Max 269.9 
Avg 93.18 
 
Min 41.91 
Max 91.66 
Avg 62.48 

 
 
No Real 
Meanders 
 
 
Min 33.02 
Max 82.55 
Avg 51.94 
 
Min 30.48 
Max 206.4 
Avg 76.83 
 
Min 38.1 
Max 57.15 
Avg 47.05 

 
 
No Real 
Meanders 
 
 
Min 12.7 
Max 34.93 
Avg 19.81 
 
Min 11.43 
Max 79.38 
Avg 29.85 
 
Min 15.24 
Max 22.87 
Avg 20.00 

West Creek (Entire Creek) 
 

Toyota Plant to Royal Oak Drive 
 
 
 

Royal Oak Drive to Riverside Park 
 
 
 

Riverside Park 
 

1678 
 

1020 
 
 
 

467 
 
 
 

191 

1.16 
 

1.17 
 
 
 

1.24 
 
 
 

1.00 

 
 
Min 42.9 
Max 76.0 
Avg 61.7 
 
Min 33.7 
Max 61.2 
Avg 47.5 
 
No Real 
Meanders 

 
 
Min 62.01 
Max 73.91 
Avg 66.4 
 
Min 51.21 
Max 72.01 
Avg 61.97 
 
No Real 
Meanders 

 
 
Min 12.46 
Max 29.61 
Avg 18.49 
 
Min 6.09 
Max 21.46 
Avg 11.84 
 
No Real 
Meanders 

 
Not True SI*: Middle Creek from the headwaters to Maple Grove Road is highly diverted and altered to accommodate drainage 
of former agricultural lands. While the SI indicates a departure from a straight line of a factor of 1.34, in fact this reach is virtually 
straight with the ‘valley’ in which it flows, so technically the sinuosity would be on the order of 1.0 under bankfull stage. 
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Note that there are sections of Middle and West Creeks 

where no real meanders are evident. While there may be 

thalweg meandering in these reaches under base flow 

conditions, it is difficult to assess the significance of this 

flow meandering in the context of channel morphological 

change until there is a corresponding change in channel 

planform. It should be noted that there are localized 

sections in these straight reaches where lateral movement 

is beginning to occur, however the scale of meandering is 

not large enough to make conclusive statements about 

morphological change. 

Results indicate there are some rather large and actively 

migrating meanders on these creek systems (for example 

on Middle Creek downstream of Briardean Road and on 

East Creek upstream of Maple Grove Road). Meander 

wavelengths vary considerably within the same creek 

(example Middle Creek: min = 12.7m; max = 120.65m), this 

indicates that the creeks are in a state of disequilibrium and 

are attempting to stabilize. While it is expected that there 

would be a range of values for this parameter, the wide 

range found on such small systems is out of the expected 

pattern and an indicator of potential instability. 

There appear to be no drastic meanders that are at risk of 

becoming cutoffs at the present time. 

B 4.3.3  Flow Assessment and Channel 
Dimensions  

B 4.3.3.1  Individual Reach Assessments 

Tables B 4.3.3 through B 4.3.10 summarize channel 

dimensions at bankfull stage for each of the cross-sections 

at each reach on East, Middle and West Creeks.  These 

dimensions relate to the maximum capacity of the channel 

form before flow spills onto the floodplain adjacent to the 

cross-section. Bankfull discharge was determined by 

analysis of the stage/ discharge relationship for the cross-

section based on field survey and hydraulic parameters. An 

example summary of stage/discharge and channel 

dimensions are found in Appendix F2.  As there are 80 

cross sections that have been analyzed, the summary 

sheets have been provided to the GRCA in digital format. 

Table B 4.3.3  Channel Dimensions, East Creek Reach 1 

Site Local 
Slope 

Bankfull 
Discharge 
(m3 sec-1) 

Bankfull 
Width 

(m) 

Bankfull 
Flow Area 

(m2) 

Bankfull 
Wetted 

Perimeter 
(m) 

Bankfull 
Depth 

(m) 

Bankfull 
Velocity 
(m sec-1) 

Riffle1 0.025 0.67 3.72 0.55 3.91 0.32 1.22 
Riffle2 0.025 2.81 4.64 1.43 5.01 0.55 1.96 
Riffle3 0.025 5.03 4.75 2.06 5.17 0.66 2.44 
Riffle4 0.025 8.09 4.95 2.79 5.41 0.92 2.90 
Riffle5 0.025 12.80 5.31 3.95 6.48 0.98 3.24 
Pool 1 0.025 1.54 3.05 0.84 3.25 0.48 1.83 
Pool 2 0.025 2.27 4.18 1.23 4.75 0.56 1.84 
Pool 3 0.025 5.62 4.32 2.13 4.76 0.78 2.64 
Pool 4 0.025 2.92 4.19 1.40 4.49 0.65 2.08 
Pool 5 0.025 5.97 4.37 2.21 4.47 0.75 2.70 

Bankfull capacity ranges from 0.55 to 3.95m2 in East Creek 

Reach 1, giving a difference in bankfull discharge of 

between 0.67 and 12.80 m3 sec-1. This is a significant 

range differential for any creek, and can be explained by 

the fact that this reach has been significantly altered by 

both human and natural process activities in tandem. The 
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lack of riparian vegetation in this section has allowed the 

creek to adjust to higher flows at selected locations, as 

there is no buffer from stream energy that might decrease 

erosion potential in this section.  The pools tend to be 

somewhat more consistent than the riffles in cross-section; 

this is an expected result, as riffles tend to be more 

dynamic and undergo change more readily. 

 

 

Table B 4.3.4  Channel Dimensions, East Creek Reach 2 

Site Local 
Slope 

Bankfull 
Discharge 
(m3 sec-1) 

Bankfull 
Width 

(m) 

Bankfull 
Flow Area 

(m2) 

Bankfull 
Wetted 

Perimeter 
(m) 

Bankfull 
Depth 

(m) 

Bankfull 
Velocity 
(m sec-1) 

Riffle1 0.020 0.64 1.92 0.48 2.45 0.54 1.36 
Riffle2 0.020 0.69 3.14 0.57 3.42 0.46 1.22 
Riffle3 0.020 1.41 3.01 0.87 3.42 0.48 1.62 
Riffle4 0.020 0.55 2.26 0.44 2.54 0.33 1.26 
Riffle5 0.020 0.44 2.88 0.42 3.28 0.33 1.03 
Pool 1 0.020 1.01 2.28 0.63 2.56 0.50 1.59 
Pool 2 0.020 1.75 2.08 0.90 2.73 0.55 1.93 
Pool 3 0.020 1.30 2.18 0.75 2.67 0.54 1.73 
Pool 4 0.020 0.38 1.27 0.28 1.51 0.30 1.33 
Pool 5 0.020 0.44 2.88 0.42 3.28 0.33 1.03 

Bankfull capacity ranges less in East Creek Reach 2, which 

is in the transitional area between the upper and lower 

plateaus. The presence of a buffer in this area is helping to 

control the variability in area for both the pools and riffles 

and is a clear indication of the importance of establishing a 

vegetated riparian buffer in East Creek Reach 1.

Table B 4.3.5  Channel Dimensions, Middle Creek Reach 1 

Site Local 
Slope 

Bankfull 
Discharge 
(m3 sec-1) 

Bankfull 
Width 

(m) 

Bankfull 
Flow Area 

(m2) 

Bankfull 
Wetted 

Perimeter 
(m) 

Bankfull 
Depth 

(m) 

Bankfull 
Velocity 
(m sec-1) 

Riffle1 0.007 0.49 4.19 0.70 4.45 0.37 0.70 
Riffle2 0.007 0.21 1.55 0.29 1.77 0.33 0.72 
Riffle3 0.007 0.58 3.82 0.74 3.95 0.38 0.78 
Riffle4 0.007 1.20 7.83 1.53 8.13 0.36 0.79 
Riffle5 0.007 0.40 3.93 0.60 4.00 0.28 0.67 
Pool 1 0.007 0.81 3.61 0.89 3.85 0.44 0.90 
Pool 2 0.007 0.33 2.12 0.43 2.38 0.35 0.77 
Pool 3 0.007 0.21 1.48 0.29 1.70 0.28 0.74 
Pool 4 0.007 0.71 3.87 0.85 4.13 0.35 0.83 
Pool 5 0.007 0.70 6.47 1.03 6.76 0.31 0.68 

Channel dimensions in Middle Creek Reach 1 indicate the 

stability of the upstream reaches and the impact of the 

presence of the wetland area downstream of Hunt Club 

Road on channel process. The relative consistency of 

bankfull dimensions, and the lower overall bankfull 

velocities reflect buffering in both the upstream channel 

area (through increased vegetation in the channel itself) 

and in the riparian area alongside the channel. Bankfull 

discharges are lower than in the upstream reach (Reach 2 

below); this indicates that there may be some groundwater 

recharge in the area as well as indicating the presence of 

low banks and a flatter floodplain area. In addition to this, 

the presence of the on-line pond downstream of Reach 2 

may act to capture some stream energy, which could 

decrease channel dimensions to a degree. 



 

                   
Page B - 55 

September 2004 

 

Table B 4.3.6  Channel Dimensions, Middle Creek Reach 2 

Site Local 
Slope 

Bankfull 
Discharge 
(m3 sec-1) 

Bankfull 
Width 

(m) 

Bankfull 
Flow Area 

(m2) 

Bankfull 
Wetted 

Perimeter 
(m) 

Bankfull 
Depth 

(m) 

Bankfull 
Velocity 
(m sec-1) 

Riffle1 0.015 2.37 4.90 1.51 5.04 0.44 1.57 
Riffle2 0.015 1.76 4.90 1.27 5.08 0.34 1.39 
Riffle3 0.015 1.98 7.68 1.63 7.93 0.34 1.22 
Riffle4 0.015 2.44 6.28 1.70 6.47 0.41 1.43 
Riffle5 0.015 1.84 4.93 1.30 5.07 0.40 1.41 
Pool 1 0.015 2.13 5.83 1.51 5.95 0.36 1.41 
Pool 2 0.015 3.30 5.64 1.96 5.86 0.54 1.68 
Pool 3 0.015 3.73 9.36 2.55 9.45 0.46 1.46 
Pool 4 0.015 2.71 7.19 1.91 7.40 0.55 1.42 
Pool 5 0.015 2.79 4.91 1.68 5.16 0.45 1.66 

Middle Creek Reach 2 is in the transitional area upstream 

of the main on-line pond on Middle Creek. Because of this, 

there tends to be a healthier riparian area and this reflects 

again on the rather consistent channel dimensions in terms 

of bankfull area and discharge. Depths are slightly higher at 

bankfull stage in this reach, indicating some tendency 

toward incision, however there is no direct evidence of an 

entrenched channel in the more naturalized areas. 

Table B 4.3.7  Channel Dimensions, Middle Creek Reach 3 

Site Local 
Slope 

Bankfull 
Discharge 
(m3 sec-1) 

Bankfull 
Width 

(m) 

Bankfull 
Flow Area 

(m2) 

Bankfull 
Wetted 

Perimeter 
(m) 

Bankfull 
Depth 

(m) 

Bankfull 
Velocity 
(m sec-1) 

Riffle1 0.006 1.08 2.66 1.02 3.12 0.61 1.05 
Riffle2 0.006 0.85 2.72 0.89 3.12 0.40 0.96 
Riffle3 0.006 0.87 3.86 1.00 4.05 0.47 0.87 
Riffle4 0.006 0.78 3.96 0.94 4.11 0.42 0.83 
Riffle5 0.006 0.54 2.81 0.66 2.98 0.38 0.81 
Pool 1 0.006 1.31 3.79 1.27 4.03 0.56 1.03 

  Pool 2 0.006 1.02 2.33 0.96 2.86 0.52 1.07 
Pool 3 0.006 1.22 4.38 1.29 4.62 0.57 0.95 
Pool 4 0.006 0.95 2.77 0.95 3.14 0.50 1.00 
Pool 5 0.006 0.75 3.14 0.86 3.49 0.46 0.87 

Middle Creek Reach 3 is located upstream of Briardean 

Road and is immediately upstream of the transitional area 

for Middle Creek. Bankfull flow areas appear rather low 

considering upstream contributing area; however this may 

be related to the presence of sod farm operations in the 

upstream area. The low-lying areas around sod farms 

disperse higher flows over a wide range of area and can 

contribute to greater infiltration and/or evaporation during 

hotter periods, limiting the amount of flow that makes its 

way back to the channel and contributes to channel 

formation.  

While not a detailed study reach, the channelized sections 

of Middle Creek upstream of Maple Grove Road are 

actually oversized for the capacity of the drainage area and 

are suffering from channel evolution processes, which 

include bank slumping and channel constriction as the 

cross-section adjusts to actual flow rates. 
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Table B 4.3.8  Channel Dimensions, West Creek Reach 1 

Site Local 
Slope 

Bankfull 
Discharge 
(m3 sec-1) 

Bankfull 
Width 

(m) 

Bankfull 
Flow Area 

(m2) 

Bankfull 
Wetted 

Perimeter 
(m) 

Bankfull 
Depth 

(m) 

Bankfull 
Velocity 
(m sec-1) 

Riffle1 0.010 0.35 2.02 0.38 2.16 0.33 0.90 
Riffle2 0.010 0.89 1.68 0.68 2.19 0.56 1.31 
Riffle3 0.010 0.38 2.42 0.44 2.55 0.29 0.88 
Riffle4 0.010 1.11 2.54 0.88 3.00 0.61 1.26 
Riffle5 0.010 1.15 3.87 1.03 4.21 0.66 1.12 
Pool 1 0.010 1.75 2.49 1.17 3.07 0.79 1.50 
Pool 2 0.010 0.92 2.49 0.76 2.79 0.58 1.20 
Pool 3 0.010 1.95 2.88 1.30 3.38 0.81 1.51 
Pool 4 0.010 0.95 2.44 0.77 2.73 0.50 1.23 
Pool 5 0.010 0.97 1.94 0.75 2.46 0.58 1.29 

West Creek Reach 1 is within Riverside Park and has been 

channelized in the past, therefore one would expect to find 

rather consistent dimensions and bankfull discharges 

throughout the reach. For the most part this is found in the 

results, however Riffle 1 and 3 are decreasing in area with 

respect to the other cross-sections, indicating these riffles 

are adjusting to the low flow volumes found relative to the 

constructed channel dimensions. 

Table B 4.3.9  Channel Dimensions, West Creek Reach 2 

Site Local 
Slope 

Bankfull 
Discharge 
(m3 sec-1) 

Bankfull 
Width 

(m) 

Bankfull 
Flow Area 

(m2) 

Bankfull 
Wetted 

Perimeter 
(m) 

Bankfull 
Depth 

(m) 

Bankfull 
Velocity 
(m sec-1) 

Riffle1 0.030 1.26 4.63 0.82 4.78 0.27 1.53 
Riffle2 0.030 1.17 3.95 0.74 4.10 0.27 1.58 
Riffle3 0.030 0.74 3.88 0.55 3.93 0.21 1.34 
Riffle4 0.030 1.02 4.21 0.69 4.28 0.27 1.47 
Riffle5 0.030 0.79 4.55 0.62 4.67 0.23 1.28 
Pool 1 0.030 1.70 5.12 1.03 5.30 0.30 1.66 
Pool 2 0.030 0.54 4.29 0.48 4.42 0.20 1.13 
Pool 3 0.030 1.10 3.35 0.67 3.55 0.27 1.63 
Pool 4 0.030 1.94 4.29 1.03 4.39 0.37 1.88 
Pool 5 0.030 1.77 4.73 1.01 4.82 0.33 1.75 

West Creek Reach 2, downstream of the online pond at 

Royal Oak Drive, is a more transitional area which has a 

better riparian buffer than the downstream reach (Reach 1). 

Therefore, we see less consistency in channel dimensions 

between pools and riffles, though there is rather clear 

consistency within pools and within riffles in this reach. 

Bankfull discharges tend to be higher than in the 

downstream reach, which is indicative of an overriding or 

controlling factor to channel process in this area. 
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Table B 4.3.10  Channel Dimensions, West Creek Reach 3 

Site Local 
Slope 

Bankfull 
Discharge 
(m3 sec-1) 

Bankfull 
Width 

(m) 

Bankfull 
Flow Area 

(m2) 

Bankfull 
Wetted 

Perimeter 
(m) 

Bankfull 
Depth 

(m) 

Bankfull 
Velocity 
(m sec-1) 

Riffle1 0.120 0.28 2.92 0.37 3.16 0.26 0.75 
Riffle2 0.120 0.31 1.26 0.30 1.54 0.33 1.05 
Riffle3 0.120 1.30 4.15 1.07 4.44 0.60 1.21 
Riffle4 0.120 1.08 3.49 0.90 3.81 0.59 1.20 
Riffle5 0.120 1.47 4.95 1.23 5.19 0.53 1.20 
Pool 1 0.120 0.62 1.66 0.50 2.00 0.41 1.24 
Pool 2 0.120 0.75 1.87 0.58 2.17 0.46 1.29 
Pool 3 0.120 0.46 1.79 0.42 2.05 0.41 1.09 
Pool 4 0.120 0.62 3.04 0.61 3.22 0.36 1.03 
Pool 5 0.120 0.58 1.96 0.50 2.25 0.44 1.15 

West Creek Reach 3 is in the upper area behind ATS, in a 

rather well vegetated and relatively undisturbed section of 

creek. Again there is natural variability in channel 

dimensions, though the pools are very consistent in area. 

The somewhat greater variability in dimensions in the riffle 

areas indicates the channel may be adjusting to a loss of 

upstream drainage area (caused by the creation of the 

Toyota Plant, which overlies some of the historical drainage 

area of West Creek). This adjustment would take the place 

of channel dimensions decreasing in a natural channel 

evolution model scenario; there is some indication of this 

occurring upstream of the reach and this will likely continue 

in the downstream direction. 

B 4.3.3.2  Assessment Summary 

The range of discharges found throughout this system are 

consistent with similar systems of equal size, drainage area 

and physiography. The period of highest discharge 

recorded during site visits occurred in May, the period of 

lowest discharge occurred in the summer and early fall. 

The manner in which creeks respond to inputs from 

precipitation will have a direct impact on the stability of the 

channel. If a high-energy, short-duration rainstorm were to 

pass through a basin, the creeks may respond with a rapid 

rate of change of discharge (usually associated with urban 

areas or under extremely wet or dry conditions) or may 

respond with a lower rate of change of discharge (usually 

under conditions of high infiltration capacity of the soil). A 

rapid rate of change will more likely result in greater instability 

by nature of the forces involved on the bed, banks and in the 

water itself. As much as the amount of change in discharge 

caused by precipitation is important, from both a 

geomorphological and biological perspective it is the rate of 

change (which is indicated by basin conditions) that is of 

greater importance. Geomorphologically, slow rates of 

increase in fluid speed (as associated with increases in 

discharge) have a lesser effect on bed instability than faster 

rates of change. In fact, a slow rate of change may selectively 

remove some of the finer particles on the bed, allowing the 

larger particles to flip or rotate in such a manner as to armour 

the bed, enhancing stability for a period of time. Faster rates 

of change could have the effect of removing the entire 

contents of the bed, replacing it with material from upstream. 
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B 4.3.4  Sediment Analysis 

In order to determine possible management strategies it 

was necessary to undertake sediment analyses of the bed 

and transportable materials, including bank materials. This 

information assists in determining potential loss of 

sediment through erosion and is coupled with the flow data 

to comment on channel stability and to assess alternatives. 

Representative bank material, bed pavement and 

subpavement samples were collected at numerous 

locations for each reach. Each sample was analyzed using 

standard grain size methodologies (either sieving or 

pebble-count) according to size of the materials. Results 

are shown in Table B 4.3.11 while grain size sheets are 

found in Appendix F2. Total suspended solids samples 

were collected at two intervals, a low flow stage in 

December 2001 and a higher flow stage in March 2002.  

Table B 4.3.11  Sediment Analysis Results 

Site 
Bed 

Pavement 
D50 

(mm) 

Bed 
Subpavement 

D50 
(mm) 

Bank 
Material 

D50 
(mm) 

TSS 
Low Flow 

(mg L-1) 

TSS 
High Flow 

(mg L-1) 
ECR1 27.5 2.35 0.29 0.02 17.95 
ECR2 59.7 4.98 1.00 0.08 15.23 
MCR1 37.0 Bedrock 0.20 1.02 37.22 
MCR2 64.0 2.95 0.29 0.92 26.01 
MCR3 21.0 2.59 0.27 0.47 18.88 
WCR1 23.3 0.26 0.17 2.35 23.34 
WCR2 23.3 8.65 0.36 1.62 16.92 
WCR3 30.0 0.35 0.22 0.96 28.45 

  Note: TSS Low Flow samples collected December 2001, High Flow samples collected March, 2002 
 

Results indicate that these creeks have gravels and 

cobbles overlying finer sands and silt/clays in the sub-

pavement area. The fact that there is a combination of 

larger and smaller particles is indicative of proper stream 

function, in that the larger particles, which are not 

imbricated in an armouring manner, and the smaller 

particles are in transport over a range of flows (see results 

of shear stress analysis in Section B 4.3.5). 

In general, the results indicate a diversity of substrate 

materials, which is a positive situation overall for aquatic 

habitat. An overly large substrate would be indicative of 

excessive flow energy, which would selectively transport 

out the smaller gravels/sands/silts, leaving an armoured 

bed and putting the banks at risk.   This condition was not 

observed to any great extent on East, Middle or West 

Creeks. Conversely, too fine a bed indicates flow 

interruption and sedimentation, which is not an optimal 

situation either.  Localized reaches of fine, homogenous 

bed material were observed on Reach 3 of Middle Creek 

and Reaches 1 and 3 of West Creek, suggesting that flow 

in these reaches is not sufficiently competent to transport 

the sediment load delivered from upstream. This may 

indicate either an increase in sediment supply associated 

with construction and agricultural practices, or a decrease 

in baseflow from reduced infiltration in highly impervious, 

developed areas.  In the case of West Creek, another 

probable cause is the diversion of a significant portion of 

the upstream drainage area during the development of the 

Toyota facility, which has decreased the magnitude of 

stream flows under all conditions.  No significant evidence 

of fine sediment accumulation was observed at the other 

study reaches.  In these areas, higher channel gradient is 

maintaining sufficient flow competence to prevent 

excessive deposition. 



 

                   
Page B - 59 

September 2004 

B 4.3.5  Shear Stress Analysis 

Further to the flow and sediment analysis is an 

investigation of the potential for bed movement according 

to shear stress relationships. Shear stress is the effect of 

water flowing over the bed material, and is a function of the 

slope of the stream channel in a particular segment and the 

pressure exerted by the water, usually indicated by the 

depth of flow, the weight of the water and the slope of the 

channel. Also included in the equation is the specific weight 

of water itself at certain temperatures. Table B 4.3.12 

shows the results of this investigation. 

Table B 4.3.12  Shear Stress Assessment 

Site D50 
mm 

τcr 
D50 

Stream 
Power τo τo/τcr 

D50 

Uc 
D50 

Erosion Potential 
(N M sec-1) 

Critical 
Discharge 
(m3 sec-1 ) 

ECR1P1 37.0 26.95 376.88 117.47 4.36 1.04 7.98 0.03 
ECR1P5 18.0 13.11 1461.01 183.54 13.99 0.75 37.80 0.08 
ECR2R2 56.0 40.79 135.09 90.06 2.21 1.26 2.69 0.11 
ECR3R5 18.0 13.11 86.14 64.61 4.93 0.75 5.08 0.02 
ECR2P5 105.0 76.48 86.14 64.61 0.85 1.68 0.87 0.72 
MCR1R5 37.0 26.95 27.41 19.19 0.71 1.04 0.48 1.03 
MCR2R3 49.0 36.59 290.73 49.92 1.39 1.18 1.71 0.99 
MCR2R5 23.0 16.75 270.18 58.73 3.51 0.84 0.84 0.18 
MCR2P5 120.0 87.41 409.67 66.06 0.76 1.79 1.25 4.42 
MCR3R3 21.0 15.30 51.10 27.60 1.81 0.80 1.57 0.29 
WCR2R2 33.0 24.04 343.59 79.29 3.30 0.99 5.21 0.07 
WCR2R5 45.0 32.78 231.99 67.54 2.06 1.14 2.64 0.09 
WCR2P3 30.0 21.85 323.04 79.29 3.63 0.94 5.91 0.03 
WCR2P5 21.0 15.30 519.79 96.91 6.34 0.80 11.09 0.02 
WCR3R1 30.0 21.85 32.89 30.54 1.35 0.94 1.05 0.14 

Note:  Assessment of existing bed materials based on flow geometries at bankfull stage. D50 represents median grain size of 
the pavement material; τcr D50 represents the critical shear stress required for initiation of movement for the 50th percentile size 
particle; τo represents the boundary shear stress acting on the particles under bankfull stage; τo/τcr represent the relationship 
between critical and boundary shear stress (a value >1.0 indicates the particles in that size range should be in motion) for the 
50th percentile; and Uc D50 represents the critical velocity in metres per second required to initiate transport for the 50th 
percentile fraction; erosion potential is an indicator of the relationship between critical/boundary shear stress and bankfull 
velocity; and critical discharge is the discharge under which the D50 fraction is set in motion with respect to boundary shear 
stress under that flow condition. Critical discharge comprises part of the flow exceedence exercise in the Hydrology section of 
this report. 
 

Results indicate that under bankfull flow conditions, the 

median particle size of the pavement material (and 

subsequently the entirety of the subpavement materials) 

should be in motion for all reaches except ECR2P5, 

MCR1R5, and MCR2P5. 

For the most part, erosion potential is quite low, with the 

exception of ECR1P5, which has a high stream power 

(indicative of high discharge) and a low D50 value. Note that 

in two instances the median grain size is so large that 

greater than bankfull discharges are required to set the 

particles in motion (ECR2P5, MCR2P5). 

The results indicate that erosion is a potential issue on all 

three creeks, although not at all locations. While natural 

processes of erosion are expected, care should be taken to 

limit changes in land use that would increase instability in 

these creeks without mitigating that instability.  Additional 

information on shear stress is provided in Appendix F3. 

B 4.3.6  Erosion Assessment 

The results from the flow and sediment analysis give only a 

partial picture to the processes of erosion in any 

watershed. Therefore it is necessary to provide detailed 

data on erosion of bank materials through direct 
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measurement. In order to do this, erosion monitoring pins 

were placed at selected cross-sections and at control 

points along the three creek systems to monitor bank 

retreat over the course of the study. Table B 4.3.13 shows 

the results of erosion pin monitoring  

There are two areas of potential concern regarding erosion 

potential. First, as flow rises to accompany flood passage 

through a reach, there is an increase in flow velocity and a 

corresponding increase in shear stress on the bed. The 

result is a scouring of the bed as the flood wave passes 

through the reach. Once flows start to recede, decreased 

flow competence allows for the settling out of transported 

material from upstream onto that recently scoured bed, 

filling in the scoured area. The decreasing volume of flow 

passing through as a flood wave recedes decreases the 

shear stress on the bed, and less scour results. However, 

finer material that is in transport from upstream continues 

to move through the reach until flow competence 

decreases, and sedimentation of the finer material occurs 

over the coarser material that should have been moved by 

the wave. This causes sedimentation of the bed. While this 

sequence of events occurs naturally in streams, there is a 

requirement of bankfull flows which have the ability to 

remove both the accumulated fine sediment and the 

coarser material below, starting the sequence all over 

again. Removal of bankfull flows then results in decreased 

erosion potential of the beds and may result in 

sedimentation. 

Secondly, decreased flow volumes can enhance erosion of 

banks. In areas where undercut banks exist, continual 

cutting by a new flow surface level has been shown to 

increase the potential of that bank to be cut, delivering 

relatively large amounts of sediment to the channel at 

highly localized regions. Additionally, lack of overbank 

flows contributes to bank dewatering and the reversal of 

hydropotential gradients, effectively drying out the bank 

and making it more susceptible to erosion by weaker than 

expected flows. 

The movement of sediment, as suspended load, solution 

load, or bedload, through a drainage system is of 

fundamental importance in environmental management. 

Firstly, sediment movement influences the character of the 

channel network and changes can alter the nature and the 

loci of erosion and deposition, and channel geometry. Such 

changes may affect channel navigability, flooding, property 

boundaries, and the stability of bridges, embankments, and 

other engineering structures. Secondly, the turbidity of 

flows influences water quality and any increase in sediment 

concentration may damage fish and other biota in the 

system and the quality of water used for domestic and 

industrial purposes.  

Removal of large portions of overbank flow decreases the 

deposition of sediment on the floodplain, thereby increasing 

the concentration of sediment in transport within the 

channel. Since the transport of sediment is a random and 

discrete process, sediment in transport will be deposited at 

some location in the channel, and this sedimentation can 

result in some of the difficulties noted above. Therefore, it 

is important that overbank flows are allowed to exist, and 

that increased flows over the course of a year are allowed 

to move sediment that has accumulated. 

Bank erosion is important to the natural functioning of 

streams. Eroding banks deliver sediment to the channel, 

which is then transported downstream, a process that 

assists the stream in lessening the impact of flowing water. 

If there is no bank delivery of sediment, the energy of the 

flowing water then is directed at the bed, and downward 

scour is the result. This is not a favorable situation from a 

fluvial geomorphological or aquatic habitat perspective. 

Therefore, it is beneficial to have some bank erosion along 

a stream corridor. 
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At each site, erosion pins were located in each bank to 

determine rates of bank retreat due to natural bank 

collapse. Each pin was introduced and measured as to its 

protruding length, at each subsequent visit the pins were 

again measured and the amount of retreat recorded. 

Attempts were also made to use sedimentation chains at 

various locations, with little success. The results that follow 

indicate how much retreat has occurred; however it should 

be noted that there were few rain events over the study 

period, and the creeks have been noted as dropping in 

volume over the study period. It is recommended that 

further erosion monitoring be conducted as part of a follow-

up study. 

Table B 4.3.13  Erosion Pin Monitoring Results 

Site 
Left 
Bank 
(cm) 

Right 
Bank 
(cm) 

Avg. Torvane 
(kg/cm2) 

EC 1 
Ri 1 
P 3 
Ri 5 

 
+2.5 
 
 

 
NC 
-0.7 
-2.7 

 
0.90 
0.85 
0.35 

EC 2 
Ri 2 
P 3 
Ri 4 

 
-2.0 
-3.8 
-1.2 

 
-4.2 

 
0.55 
0.18 
0.33 

MC 1 
P1 
P2 
Ri2 

 
-3.0 
-1.9 
-1.0 

 
-0.9 
-4.8 
-1.5 

 
0.25 
0.16 
0.22 

MC 2 
P 1 
Ri 5 
P 4 

 
-0.1 
-0.7 
-1.6 

 
-0.5 
-1.0 
-1.8 

 
0.22 
0.10 
0.18 

MC 3 
Ri 1 
Ri 4 
P 4 

 
-1.3 
-1.5 
-1.3 

 
-0.4 
-1.2 
-0.1 

 
0.15 
0.15 
0.35 

EC 1 
Ri 2 
P 3 
Ri 5 

 
-1.3 
-0.5 
-2.1 

 
-3.0 
-0.4 
-1.1 

 
0.46 
0.58 
0.38 

EC 2 
Ri 2 
P 3 
P 5 

 
-0.8 
-4.5 

 
 
 
Disturbed 

 
0.13 
0.98 
0.82 

EC 3 
Ri 2 
P 2  

 
-3.3 
-0.5 

 
-0.8 
-4.3 

 
0.35 
0.22 

Table B 4.3.13  Erosion Pin Monitoring Results 

Site 
Left 
Bank 
(cm) 

Right 
Bank 
(cm) 

Avg. Torvane 
(kg/cm2) 

P 3 -0.7 -2.9 0.29 

In addition to erosion pin monitoring, the creek systems 

were assessed using a Rapid Reach Assessment Form 

(RRAF), which was initially developed in the US and 

modified for use in Southern Ontario (see Appendix F2 for 

a sample form and reference).  

The rapid reach assessment for erosion sensitivity was 

undertaken to identify reaches of each subwatershed which 

may be at risk for erosion if changes in land use patterns or 

flow characteristics were to occur in the candidate 

watershed. The assessment form is a visual assessment 

which characterizes instream substrate, morphological 

diversity and flow conditions, channel stability at base flow, 

bank stability and riparian vegetation zone width; and 

scores them as either poor, marginal, suboptimal or optimal 

according to guidelines on the form. A total score out of 20 

is determined for each category, and a sum out of 100 

determines the overall sensitivity to erosion. The following 

table summarizes the data collected during this 

assessment and highlights sites that are at risk. 

Table B 4.3.14 shows the results of the RRAF.  Results 

indicate that the majority of reaches are at risk of instability 

under current conditions. Clearly the three stream systems 

are in a state of flux with existing conditions and while this 

may be exacerbated if land use practices change, there are 

management strategies that can be utilized to assist with 

maintaining stability. 
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Table B 4.3.14  Rapid Reach Assessment Results for Each Station, Used as an Indicator of Potential Instability 

Site 
Instream 
Substrate 

Characterization 
Morphological 

Diversity of Flows 

Channel 
Stability 

(Base 
Level) 

Bank 
Stability 

Riparian 
Vegetative 
Zone Width 

Total 
Score 
(100) 

Erosion 
Risk 

Sensitivity 
Category 

East Creek  
Headwaters to Maple 

Grove Road 
 

Maple Grove Road to 
Beaverdale Road 

 
Beaverdale Road to Speed 

River 

 
5 
 

11 
 
 

11 

 
5 
 

9 
 

14 

 
20 

 
5 
 
 

10 

 
18 

 
8 
 
 

6 

 
16 

 
17 

 
 

0 

 
64 

 
50 

 
 

41 

 
Mod Med 

 
Mod High 

 
 

High 

Middle Ck  
Headwaters to Maple 

Grove Road 
 

Maple Grove Road to 
Briardean Road 

 
Briardean Road to Hunt 

Club Road 
 

Hunt Club Road to Speed 
River 

 

 
5 
 

14 
 
 

16 
 

12 

 
5 
 

12 
 
 

14 
 

9 

 
20 

 
7 
 
 

12 
 

12 

 
12 

 
10 

 
 

10 
 

14 

 
7 
 

10 
 
 

15 
 

18 

 
49 

 
53 

 
 

68 
 

65 
 

 
High 

 
Mod High 

 
 

Mod Med 
 

Mod Med 
 

West Creek  
Toyota Plant to Royal Oak 

Drive 
 

Royal Oak Drive to 
Riverside Park 

 
Riverside Park 

 
12 

 
10 

 
14 

 
9 
 

10 
 

12 

 
6 
 

8 
 

16 

 
9 
 

10 
 

18 

 
17 

 
10 

 
5 

 
53 

 
48 

 
65 

 
Mod High 

 
High 

 
Mod Med 

Note:  Low Sensitivity     75-100 
 Moderate Sensitivity   50-74 

 Moderate High Risk  Mod H 50-59 
  Moderate Medium Risk Mod M 60-69 
  Moderate Low Risk  Mod L 70-74 
 High Sensitivity    0-49 
Values in Columns 2-7 represent field scores from the Rapid Reach Assessment Form.  Each category has a maximum value of 20, indicating 
the most optimal situation.  A value of 0 indicates extremely poor conditions.  High sensitivity to erosion indicates the reach is exhibiting at least 
two areas of concern, one of which being bank stability.  Note a Moderate sensitivity category may be at high risk for bank erosion problems yet 
may be masked by high values in the riparian vegetation category, therefore this category is split into high, medium and low risk to erosion. 

B 4.3.7  Impact Assessment 

Combining all information gathered on the East, Middle and 

West Creek systems, it is possible to determine an overall 

Impact Sensitivity to changes in land use practices for 

these systems. Figure B 4.3.2 is a depiction of the reaches 

which are sensitive to any change in land use (high 

sensitivity), to a moderate change in land use (medium 

sensitivity), and reaches which are relatively stable for one 

reason or another (low sensitivity).  

Impact sensitivity is a combination of a number of factors, 

including flow assessments, sediment assessments, 

erosion pin and rapid reach assessments, and existing land 

use conditions. While the degree of sensitivity is simplified 

to low, medium and high, there are reaches that are more 
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sensitive to change than others in each category. It is 

proposed that any changes to land use for any of the 

Hespeler West subwatersheds be precluded by a detailed 

geomorphological assessment of the impacts of the 

proposed land use change in any of the high or medium 

sensitivity areas, and a cursory assessment of the impacts 

of proposed changes be conducted in areas of low 

sensitivity.  

While this assessment may be negative of the systems as 

a whole, there are some reaches that are excellent 

examples of proper fluvial process at work and deserve 

preservation. From the perspective of river channel 

adjustment to human activities, the Hespeler West 

subwatersheds as a whole are a classic example of what 

happens to streams when individual projects create 

cumulative impacts. 

The study reaches chosen for the fluvial analysis were 

required to be located in areas where the creeks were 

functioning at a good to marginal level. The rationale for 

this stems from the need to assess the entire systems as a 

whole: if one can gain understanding of the properly 

functioning components of the system it becomes a 

comparative analysis to determine the overall health of 

each creek system. That becomes the rational method for 

fluvial analysis when time and financial constraints prevent 

full-scale channel assessment. 

Based on this approach, then, it is clear that overall, these 

creeks are on the edge.  The segments of the creeks which 

are properly functioning comprise only a small percentage 

of the overall stream length for each creek. The degree of 

existing alteration coupled with the increased development 

in the area is at risk of putting these three creeks into a 

rapid state of decline if no management strategies are put 

in place in the near future. Once these creeks start to 

degrade further they will be at the point of no return, and 

they would require significant capital expenditure to return 

to even the existing condition found at this time. It is 

recommended that these creeks receive immediate 

attention if they are at all going to retain, and possible 

regain, some of their past, functioning condition.  

B 4.4  Summary of Fluvial 
Geomorphology Issues 

The data presented above indicate that the Hespeler West 

subwatersheds, (East, Middle and West Creeks) are in a 

state of flux with respect to fluvial functioning and are in no 

means stable and resilient to long-term changes in land 

use activities. 

East Creek displays classic symptoms of being a flashy 

system, with areas of high to moderate instability 

downstream of Maple Grove Road, with the exception of 

channelized ditches along Beaverdale Road. A lack of 

riparian buffer in the lower reaches coupled with the 

impacts of transportation infrastructure leave a creek with 

little fluvial stability, this is an area for attention. Upstream, 

the creek appears to be relatively stable and should be 

protected from future development in the basin. 

Middle Creek is in a high state of flux. With the exception of 

channelized reaches at Maple Grove Road and below the 

pond upstream of Hunt Club Road, and the stable section 

near the junction with the Speed River, Middle Creek is in 

poor shape. Unless mitigation measures are undertaken to 

rehabilitate the creek, it will continue to degrade to the point 

where the existing stable, properly functioning reaches will  

be virtually useless. It may de difficult to rehabilitate the 

entire creek, but clearly measures must be taken to prevent 

further damage. This will be no easy task and is not to be 

taken lightly. 

West Creek will continue to adjust to having its contributing 

area decreased significantly. The reaches below the 

Toyota plant will continue in a channel evolution mode to 

decrease capacity over time, effectively maintaining a 
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period of high instability for many years to come. While the 

creek has achieved a state of quasi-equilibrium 

downstream of the pond at Royal Oak road, being in the 

transitional area instability remains the norm. Even the 

reach downstream of Highway 401 in Riverside Park will 

adjust over time to become in equilibrium with contributing 

area. 

While this assessment may paint a negative picture of the 

systems as a whole, there are some reaches that are 

spectacular examples of proper fluvial process at work and 

deserve preservation. From the perspective of river 

channel adjustment to human activities, the Hespeler West 

subwatersheds as a whole are a classic example of what 

happens to streams when individual projects create 

cumulative impacts. 

Overall, these creeks are on the edge. The degree of 

existing alteration coupled with the increased development 

in the area is at risk of putting these three creeks into a 

rapid state of decline if no management strategies are put 

in place in the near future. Once these creeks start to 

degrade further they will be at the point of no return, and 

they would require significant capital outlay to return to 

even the existing condition found at this time. It is 

recommended that these creeks receive immediate 

attention if they are at all going to retain, and possibly 

regain, some of their natural form and functions.  

B 5.1  Background 

This section of the report will provide an overview of the 

existing surfacewater quality of Hespeler West 

subwatersheds.  The following information is included: 

• Monitoring goals; 

• Description and significance of surfacewater 

quality parameters; 

• Information on the implemented monitoring 

program, sampling locations and observed local 

conditions; 

• A summary and interpretation of the monitoring 

result; and 

• Conclusions and recommendations for future 

surfacewater monitoring. 

Currently, this study represents the only source of 

information on surfacewater quality for Hespeler West 

subwatersheds.  Complex and interactive processes 

occurring in the environment determine surfacewater 

quality. Field monitoring programs required to fully 

understand these processes are very demanding in terms 

of labour and time and typically include some continuous 

monitoring operations.  

In this particular case, however, the goals of monitoring 

program were to (a) acquire baseline information on 

surfacewater quality at Hespeler West; (b) perform several 

spot measurements of temperature and dissolved oxygen 

and (c) define a set of water quality parameters to be 

monitored in the future. As such, several samples were 

collected at various watercourses. The samples were 

collected in November 2001 and May 2002. 

B 5.2  Surfacewater Quality Parameters 

Water is important for human existence and support of 

natural habitat. As a result, changes in water quality can 

have serious consequences. The chemical composition of 

water is a measure of its sustainability for human and 

animal consumption, and for industrial and other purposes. 

Water quality also affects ecosystem health and function. 

The chemistry of surfacewater reflects input from 

atmosphere and soil, as well as from various urban and 

B 5.0  SURFACEWATER QUALITY 
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rural pollutant sources. Surfacewater is typically more 

susceptible to contamination than groundwater. 

Surfacewater quality is characterized through a multitude of 

chemical, physical and biological parameters. Chemical 

parameters include (a) inorganics (acidity, alkalinity, pH, 

metals, hardness); (b) organics (BOD, COD, THM, PCB, 

hydrocarbons, etc.); (c) major ions (cations and anions); 

and (d) nutrients (nitrogen and phosphorus group). 

Physical parameters include odour, taste, solids content, 

turbidity, pH, DO and temperature. Biological parameters 

are bacteria, protozoa, viruses, plankton, invertebrates, 

algae and aquatic plants.  

Water quality parameters are used to assess the general 

conditions of watercourses and larger water bodies and to 

identify potential source of pollution in the watershed. 

Water pollution is the unfavourable alteration of water 

caused by human actions which renders the water 

unpotable and unhealthy for other organisms. Water 

pollution is rather complex issue, as it is difficult to establish 

definite criteria to determine when water becomes polluted. 

Given time, water interacts with the natural elements on the 

surface and acquires chemical composition, thus giving the 

water a natural background water quality. These natural 

elements include geographic location, geology, climate, 

topography and flora and fauna. This natural water quality 

consists of chemical parameters that are normally stable 

and consistent throughout the year. When the natural 

levels are affected by people and one or number of 

parameters become “out-of-balance”, then the entire 

ecosystem can change and cause the water to be 

“polluted”. 

B 5.3  Water Quality Monitoring Program 

Water quality monitoring program has been implemented 

since November 2001. The program consisted of the 

following components: 

• Spot measurements of dissolved oxygen and 

temperature; 

• Continuous measurement of temperature; 

• Water quality sampling for general chemistry; 

• Water quality sampling for baseline information; 

• Additional information on the conditions in the 

study area collected during site visits. 

The locations of the monitoring stations with are presented 

in Appendix G.  Monitoring protocol for each component of 

the monitoring program is given as follows: 

• Spot measurement of dissolved oxygen and 

temperature: Four monitoring stations have been 

established for this purpose, Hunt Club Road 

(SW1), Maple Grove Road (SW2), Beaverdale 

Road (SW3) and culvert under the Highway 401 

(SW4). The selected monitoring locations were 

situated at downstream end of the culverts 

crossing major roads within the watershed. 

Several spot measurements of dissolved oxygen 

and temperature were taken using a portable 

analytical instrument. The purpose of this 

measurement was to gather direct information on 

temperature and dissolved oxygen, as these 

parameters can be only measured in the field.  We 

note that all DO measurements are spot 

measurements taken during the day; 

• Continuous Temperature Monitoring:  

Continuous monitoring of water temperature was 

also completed at various sites.  This included 

long term monitoring at the flow monitoring 
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stations and the placement of temperature probes 

at 4 locations in the study area.  The results of this 

are provided in Appendix G; 

• Water quality sampling for general chemistry: 

Two monitoring stations (SW1 and SW2) were 

used for surfacewater quality sampling. The 

samples collected on November 30, 2001 were 

submitted for analysis for total suspended solids. 

All the applicable laboratory standards related to 

collection and preservation of the samples in 

terms of number and type of containers have been 

strictly followed during the submission; 

• Water quality sampling for baseline 

information (dry weather): One set of samples 

was collected for the purpose of this study.  The 

samples were submitted for a large number of 

parameters, to allow for baseline characterization 

of water quality under dry weather conditions. The 

complete list of chemical parameters sampled in 

accordance with all applicable analytical 

standards is provided in Appendix G; and 

• Additional information on the study area: 

Information on debris, floatables, oil sheen on the 

surface, erosion and vegetation was also recorded 

during field trips, to be complemented with the 

results of laboratory analysis. 

B 5.4  Summary and Interpretation of 
Monitoring Results 

The information collected on surfacewater quality has been 

summarized in Table B 5.4.1. The purpose of the water 

quality monitoring program was to acquire baseline 

information under various conditions and to use that 

experience to design future monitoring programs. This 

information will be used to design and implement future 

monitoring programs. The amount of data collected does 

not allow for more in-depth conclusions, and only general 

comments on surfacewater quality have been offered. 

With respect to spot stream temperature, readings taken on 

November 2001 and May 2002 indicate typical values that 

do not differ significantly from other observations in the 

Grand River watershed. The only exception is temperature 

reading at Maple Grove Culvert (SW2), where lower 

temperature was observed than for the rest of the stations. 

This could be possibly caused by groundwater discharge, 

but the number of observations is too low to be conclusive. 

With respect to dissolved oxygen, again typical values were 

observed that would indicate fairly undisturbed natural 

watercourse, except for the reading on November 30, 2001 

at Hwy 401 culvert. There is also a potential that this 

reading might have been erroneous. 

With respect to total suspended solids content, two 

samples collected at SW1 and SW2 are another indicator   

of undisturbed watercourses. 

With respect to the baseline sampling, samples were 

collected on June 17, 2002 at Maple Grove Road. There 

was a constant flow at the collection time, indicating that 

this sampling was representative.   

We note that a single sample can be only used as a 

reference point for future considerations, and no 

statistical/trend analysis/conclusions are possible at this 

time.  However, based on our review and a comparison to 

Ontario Drinking Water Standards (January 2001), we offer 

the following comments: 

a) Recorded (or assumed) values for a number of 

parameters listed as volatile organics and various 

pesticides were below detection limits; 

b) Very low TSS content, as expected in a relatively 

undisturbed natural stream; 

c) Zero bacteria count; 

d) Values for various anions well below 

recommended values; and 
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e) Values for metals SLIGHTLY exceeded 

recommended values for aluminum (0.17 mg/L vs. 

0.10 mg/L), iron (0.4 mg/L vs. 0.3 mg/L) and 

manganese (0.07 mg/L vs. 0.05 mg/L), but this 

may be simply reflecting the characteristics of 

mineral deposits through which groundwater is 

passing - mostly clay for aluminum and other 

minerals for iron and manganese. 

B 6.1  Introduction 

The fisheries resources of the three creeks were 

investigated by C. Portt and Associates.  Fish survey 

records from an Ontario Department of Planning and 

Development survey conducted in 1952 were reviewed.  

Background information was sought from the Guelph office 

of the Ontario Ministry of Natural Resources and the Grand 

River Conservation Authority.  Existing physical habitat 

conditions were observed by walking the streams during 

the spring of 2002 and representative sites for fish 

collections were made on the basis of those observations.  

Reaches with similar habitat have been identified on each 

of the three watercourses.  Fish were sampled at 

representative locations on each stream in June 2002. 

B 6.2  Background Review 

The results of fish sampling in 1952 by the Department of 

Planning and Development are presented in Table B 6.2.1 
and Figure B 6.2.1.  Four species, three minnows and 

brook stickleback were captured from Middle Creek. Two 

species were captured from East Creek, one at each site.  

All three locations examined on West Creek were dry. 

The Ministry of Natural Resources sampled fish at four 

locations on Middle Creek and three locations on East 

Creek in 1994 (Table B 6.2.2 and Figure B 6.2.1).  Five fish 

species were captured from Site 1 on East Creek, which 

was near the confluence with the Speed River.  

Unidentified cyprinids were present at Site 2.  No fish were 

captured at Site 3and Site 4 was dry.  Two or three species 

were present at each of the four sites sampled on Middle 

Creek, and a total of four species were captured. There is a 

single MNR record of a fish collection, capturing creek chub 

and blacknose dace, in West Creek during 1989. The  

Table B 5.4.1  Surfacewater Quality 

Sampling Date Watercourse Monitoring Location 
Observed  

Temperature 
[°C] 

Observed 
Dissolved 
Oxygen 
[ppm] 

Total Suspended 
Solids Content 

[mg/l] 

November 30, 2001 Middle Creek Hunt Club Culvert 6.0 10.1 14.2 
November 30, 2001 Middle Creek Maple Grove Culvert 6.7 2.1 11.8 
November 30, 2001 West Creek Hwy 401 Culvert 6.0 0.9 Not sampled 
November 30, 2001 East Creek Beaverdale Culvert 6.6 9.8 Not sampled 
May 02, 2002 Middle Creek Hunt Club Culvert 10.5 9.6 Not sampled 
May 02, 2002 Middle Creek Maple Grove Culvert 6.2 9.0 Not sampled 
May 02, 2002 West Creek Hwy 401 Culvert 10.5 7.7 Not sampled 
May 02, 2002 East Creek Beaverdale Culvert 10.7 8.8 Not sampled 

B 6.0  FISH HABITAT AND COMMUNITY 
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Grand River Conservation Authority has no additional 

records of fish sampling on these creeks, nor are they 

specifically mentioned in the Grand River Fisheries 

Management Plan (S. Geddes, G.R.C.A., personal 

communication). 

In summary, the background data indicate that East, Middle 

and West Creeks contain non-game fish species that are 

common in small streams in the area.  Two of the species, 

northern redbelly dace and central mudminnow, are 

considered to prefer cool water temperatures, but no 

coldwater species, such as brook trout (Salvelinus 

fontinalis) or mottled sculpin (Cottus bairdi), were captured.  

The data also indicate that the headwaters of East and 

West Creeks go dry during the summer. 

Table B 6.2.1  Fish Species Captured by Seining by Ontario Department of Planning and Development Staff in 1952  
Creek East Creek Middle Creek West Creek 
Station N1Q1 N1Q2 N1R1 N1R2 N1S1 N1S2 N1S3 
Date Jun. 20, 1952 Aug. 1, 1952 Aug. 1, 1952 Jun. 20, 1952 Jun. 20, 1952 Jun. 20, 1952 Jun. 20, 1952
blacknose dace 
Rhinichthys atratulus  X X X    

creek chub 
Semotilus atromaculatus   X X    

brook stickleback Culaea 
inconstans X  X X    

northern redbelly dace 
Phoxinus eos    X    

Comments will probably go 
dry  dry to pools  dry dry dry 

 Note:  X = species recorded but no quantity. 
 

Table B 6.2.2  Fish Species Captured by Seining by MNR Staff at Various Site in East, Middle and West Creeks

Watercourse Date East Creek 
July 22, 1994 

Middle Creek 
July 7, 1994 

West Creek 
Nov. 11, 1989 

Site 1 2 3 4 1 2 3 4 1 
Central mudminnow Umbra 
limi        1  

White sucker Catostomus 
commersoni 20         

Unidentified minnows 
Cyprinidae  2   1     

Northern redbelly dace  10         
Blacknose dace  5     4 3  X* 
Creek chub  5    2 1 10  X* 
Brook stickleback  20    1 1  1  

Comments   
No 

catch dry      
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B 6.3  Field Investigations 

B 6.3.1  Field Methodology 

The watercourses were examined by C. Portt on April 16 

and May 15, 16 and 17, 2002.  Reaches with similar habitat 

characteristics were identified and the habitat conditions 

within these reaches were characterized. Barriers to fish 

migration were also noted.  Photographs were taken of 

typical locations within the various reaches and of migration 

barriers.  The reach information was used to select 

representative locations for fish sampling. 

Electrofishing was conducted at 13 locations on June 13 

and 14, 2002, using a Smith-Root Model XII backpack 

electrofisher.  A 50 metre long reach was sampled at each 

location.  All fish captured were identified in the field (by C. 

Portt) and released except for a few representative 

cyprinids which were preserved in 10% formalin and 

identified in the laboratory according to keys in Scott and  

Crossman (1973). 

The location where flow began on each of the three creeks 

was determined on September 10, 2002, by C. Portt.  As 

this was following a prolonged drought, the conditions at 

that time were thought to represent worst case, or nearly 

so, with respect to base flow.  

B 6.3.2 Findings 

B 6.3.2.1  Aquatic Habitat 

The reaches with similar habitat within each of the streams 

are identified on Figure B 6.3.1 and the habitat conditions 

are summarized in Table B 6.3.1.  Barriers to fish migration 

and online ponds are identified in Figure B 6.3.2 The 

reaches which appear to experience perennial flow, based 

on flow being present on September 10, 2002, are 

identified in Figure B 6.3.3.  The habitat conditions in each 

stream are discussed briefly below. 

Table B 6.3.1  Habitat Characteristics of Reaches Along East, Middle and West Creeks 
Reach Gradient Channel Form Substrate Riparian Vegetation Barriers 

East 
Creek 

     

1 low ditched sand/detritus swamp none 
2 low diffuse through 

swamp 
sand/detritus swamp none 

3 low run/riffle sand/silt cultivated/meadow culvert at downstream end 
4 moderate pool/riffle/run gravel/cobble/sand/silt woodlot/yards none 
5 moderate pool/riffle/run gravel/sand/silt road allowance road culvert 
6 moderate pool/riffle/run gravel/sand/silt yard waterfall at downstream end 
7 moderate pool/riffle/run silt/sand/gravel/rip rap yard/road allowance none 
      
Middle 
Creek 

     

1 low ditched sand/silt swamp/agricultural/hedge row none 
2 moderate ditched sand/silt/rubble road allowance none 
3 low ditched sand/silt agriculture/wood lot none 
4 moderate pool/riffle/run gravel/sand/silt/cobble wood lot/lawn small dam 
5 moderate pool/riffle/run/pond sand/silt meadow old control structure at 

downstream end 



 

                   
Page B - 70 

September 2004 

Table B 6.3.1  Habitat Characteristics of Reaches Along East, Middle and West Creeks 
Reach Gradient Channel Form Substrate Riparian Vegetation Barriers 

6 moderate pool/riffle/run gravel/sand/silt/cobble/ri
p rap 

wood lot/wetland none 

7 pond pond silt/muck lawn/berm dam at outlet 
8 high rip rap channel rip rap lawn/meadow/hedge row none 
9 low run/diffuse silt/sand wet meadow none 
10 moderate pool/riffle/run gravel/sand/silt cedar bush none 
      
West 
Creek 

     

1 moderate pool/riffle/run silt/sand cedar bush/wetland begins at storm sewer outlet 
2 moderate pool/riffle/run silt/sand lawn weir at downstream end 
3 high step pool gravel/cobble/sand/silt wooded valley possible barrier at old 

berm/roadway 
4 moderate pool/riffle/run silt/sand/gravel park/road allowance none 

East Creek 

East Creek arises in a swamp north of Mohawk Road.  The 

upper portion (Reach 1) has been ditched.  At the 

downstream end of the ditched portion the watercourse 

enters a swamp where there was a lot of standing water in 

mid-May of 2002.  The channel is poorly defined, and at 

times undefined, through the swamp (Reach 2), which ends 

at Maple Grove Road.  Based on the September 10, 2002 

observations, permanent flow begins at Maple Grove Road. 

Reach 3 extends from Maple Grove Road to an old road or 

laneway that crosses the stream and valley.  The stream is 

conveyed beneath this road in a corrugated steel pipe and 

there is a vertical drop at the end that would prevent 

upstream fish migration.  Reaches 1, 2 and 3 all have low 

gradient and fine-textured substrate.   

The stream changes character at Reach 4.  Gradient 

increases and the substrate becomes coarser, with gravel 

and cobble present in significant amounts for the first time. 

It was also in Reach 4 that fish were first observed. The 

channel within Reach 4 has a pool/riffle/run configuration.  

A portion of Reach 4 borders or passes through rear lawns 

and some clearing and encroachment has occurred.  

Reach 5 has been straightened and runs parallel to 

Beaverdale Road, but has developed a relatively natural 

form.  There is a vertical drop at the downstream end of the 

Beaverdale Road culvert that is a barrier to fish migration.  

Reach 6 flows through a lawn east of Beaverdale Road.  

The upper portion of this reach in particular is quite steep 

and there is a naturally occurring waterfall approximately 1 

metre high at the downstream end of this reach that is the 

limit of upstream limit of potential migration for fish from the 

Speed River.  Reach 7 flows through an abandoned pond 

downstream of the waterfall and then along a channel 

within the Regional Road #24 allowance that was created 

to eliminate the need for a culvert beneath that road when it 

was constructed in the early 1990s. 

Water temperature data were shown in Appendix G.  

Water temperature reached a maximum of 23.4°C in East 

Creek at Beaverdale Road during the summer of 2002. and 

rarely exceeded 20°C.  Summer daily maxima were higher 

where East Creek enters the Speed River, generally by 3 to 

5 centigrade degrees.  This increase is probably due to 

solar heating between the two locations.  Summer daily 

minima were similar at the two locations in the early 

summer and during the latter part of the summer, were 
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lower at the confluence with the Speed than at Beaverdale 

Road.  This is consistent with there being proportionately 

more groundwater discharge to the lower reaches as the 

drought progressed. 

Middle Creek 

Middle Creek arises in a swamp north of Middle Block 

Road.  The headwaters (Reach 1) are ditched through 

agricultural fields with hedge rows developed along the 

banks in many areas.  The substrate is consistently fine 

sand and silt and there is very little riffle or pool 

development.  Reach 2 flows in a man-made channel along 

the south side of Maple Grove Road.  The banks have 

been armoured with rounded field-stone but the substrate 

in the channel proper is primarily fine-textured silt and 

sand, except where rip rap has been placed at fire 

hydrants.  Although this reach is man-made, the lower 

portion (downstream from Speedsville Road) has a deep 

thalweg bordered by dense beds of watercress. 

Reach 3 is another ditched section that runs through 

agricultural land, with hedgerow development in some 

places, and then enters a wood lot.  The gradient is low 

and the substrate is fine sand and silt.  Reach 4 begins 

shortly after the stream enters the woodlot.  The channel is 

natural, gradient is higher and the substrate is coarser.  At 

the downstream end of Reach 4, east of Briardean Road, 

the stream flows through yards and there is an on-line pond 

maintained by a small weir that is a barrier to upstream fish 

migration.  Reach 5, which may have been ditched at some 

time, flows through meadow/old field to an old control 

structure that may have created a pond at one time.  There 

is a vertical drop at this structure, creating a barrier to 

upstream fish migration.  The gradient is quite low through 

most of Reach 5, but at the upstream end, at its border with 

Reach 4, there is some bank erosion occurring. 

Reach 6 begins at the old control structure mentioned 

above and flows through a well-defined wooded valley.  

The stream gradient is higher again here, with gravel and 

small cobble present in the well-developed natural channel 

in addition to the finer sand and silt substrates.  This reach 

ends with a short gabion lined section at the entrance to an 

online pond (Reach 7).  The pond emptied over a small 

dam/weir into a steep gabion-lined section (Reach 8) that 

ends at Hunt Club Road.   

On September 10 there was a steady flow into this pond, 

but very little visible flow leaving it.  It is possible that water 

exits the pond and flows through the rip rap, so it is not 

observable, however there was no discernable flow at Hunt 

Club Road and the stream was completely dry closer to the 

mouth.  It appears that the water in the stream is lost to the 

ground through this reach.  This is consistent with 

observations in the wetland to the west, where springs 

were observed to emerge, creating “streams” that flowed 

through the wetland and then disappeared, apparently 

recharging into the ground. 

Downstream from Hunt Club Road the watercourse enters 

a large, wet meadow (Reach 9).  On May 16, 2002, this 

meadow also was receiving water from a small channel 

originating from a pipe just west of the driveway at the end 

of the road.  The channel becomes better defined at the 

downstream end of Reach 9, and Reach 10 begins where 

the creek enters a cedar bush.  The channel through 

Reach 10 has a pool/riffle/run configuration and there is a 

considerable amount of gravel present.  One other small 

tributary was observed entering this channel from the west 

within Reach 10. 

Water temperature was monitored at Maple Grove Road 

and Hunt Club Road beginning in the fall of 2001, and 

commenced upstream and downstream of the pond above 

Hunt Club Road and at the outlet to the Speed River in 

early July.  The data are presented in Appendix G. High 
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daily temperature fluctuations at the mouth of Middle Creek 

heralded the fact that this section of the stream was going 

dry.  Summer maxima and minima were higher 

downstream from the pond than upstream.  The maximum 

recorded water temperature was 30.9ºC degrees at Maple 

Grove Road, 25.4ºC immediately upstream from the pond, 

and 30.8ºC immediately downstream from the pond.  The 

high temperatures at Maple Grove and downstream from 

the pond are thought to be due to solar heating, as both 

areas are exposed to the sun.  The decrease between 

Maple Grove Road and the pond is believed to be due to 

improved shading and the influence of groundwater 

discharge.  

West Creek 

The headwaters of West Creek have been extensively 

modified, and the creek proper now appears to begin at a 

storm sewer outlet along the east embankment of Boxwood 

Drive.  Reach 1 flows through a wetland (primarily cedar 

swamp), and is characterized by low gradient and fine 

substrate.  Reach 2 flows through a series of back yards 

and ends at a small weir/dam immediately upstream from 

Royal Oak Road.  There is some leakage through this 

structure, but it is probably a complete barrier to upstream 

fish migration.  Reach 3 extends from this structure 

downstream nearly to Highway 401.  It is quite steep, with 

coarser substrate than is present in most of the rest of the 

stream, and flows in a wooded valley over most of its 

length.  There is a laneway that crosses the creek and its 

valley near the upper end of this section and the culvert 

that passes beneath is may be a barrier to fish migration.  

Reach 4 is the lower reach of this creek, most of which is a 

ditched channel running through Riverside Park 

downstream from Highway 401. 

The summer water temperature in West Creek rarely 

exceeded 20ºC and reached a maximum during the 

summer of 23.1ºC. 

B 6.3.2.2  Fish Community 

The electrofishing results are presented in Table 6.3.2.2 

and the sampling locations are shown in Figure B 6.3.1.  A 

total of 12 fish species were captured at one or more 

locations.  None of the species captured are considered to 

be at-risk in Ontario.  No trout or other coldwater species 

were captured, although three of the species, northern 

redbelly dace, brassy minnow and central mudminnow are 

often considered ‘coolwater’ species, as they are usually 

found in stream reaches that are receiving some 

groundwater discharge.  The maximum water temperatures 

(to July 26) recorded in Middle Creek were 28.2ºC at Hunt 

Club Road and 30.9ºC at Maple Grove Road, which are 

well in excess of the thermal tolerance of trout. 

In all three streams there are more fish species in the lower 

reaches than in the upper reaches.  This is probably 

because the lower reaches are readily accessible from the 

Speed River and the upper reaches of all three tributaries 

are either intermittent or experience very low flows during 

most summers.  The absence of fish at location E-4 is 

consistent with intermittent flow, as is the presence of only 

small brook stickleback, which probably originated from 

upstream ponds, at M5. 
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B 6.4  Summary of Aquatic Management 
Considerations 

All three creeks begin as low gradient watercourses in their 

headwaters, which have fine-textured substrates, have 

been ditched (the uppermost reaches of West Creek have 

been eliminated) and quite likely experience only 

intermittent flow.  Each creek also has a steeper middle 

section that probably reflects underlying bedrock 

topography.  East and West Creek have only short low- to 

moderate-gradient reaches between their steeper section 

and the Speed River, but Middle Creek flows a 

considerable distance downstream of the topographic 

break before entering the Speed.  This section of Middle 

Creek, however, goes dry as the water from the stream 

apparently is recharged. 

There are two culverts that are barriers to upstream fish 

migration on East Creek, although both are upstream of the 

natural falls that also prevents upstream migration.  Middle 

Creek has three man-made barriers to fish migration, two 

weirs and an old control structure.  There is one confirmed 

barrier to fish migration on West Creek, immediately 

upstream from Royal Oak Drive, and another potential 

barrier a short distance downstream. 

The fish communities consist of warmwater and coolwater 

non-game species, with more species present in the 

reaches that are close to, and accessible from, the Speed 

River.  The absence of fish in some of the headwaters and 

the low numbers in others reflect the fact that these areas 

are periodically dry. 

The absence of coldwater fish species in the study area, 

and especially in West and East Creeks which have 

consistently coldwater temperatures in some reaches is 

somewhat surprising.  It may be due to severe conditions, 

such as high temperatures imposed by weather or other 

factors during the past. 

Aquatic resources are affected by the physical, chemical 

and biological characteristics of their habitat.  In the 

absence of human influences, climate and 

geology/physiography would be the key determinants of 

watershed processes and watercourse characteristics, and, 

combined with the ‘natural’ distribution of plants and 

animals, would determine the biological communities.  Of 

course, human activity has altered many of the watershed 

processes to a greater or lesser extent.  Activities which 

Table B 6.3.2  Fish Captured at Various Locations by 
Electrofishing on June 13 and 14, 2002. 

East Creek 
Station E-1 E-2 E-3 E-4  
central mudminnow 1     no   
northern redbelly dace   1   catch  
common shiner 2        
bluntnose minnow 3        
fathead minnow   1      
blacknose dace 8 15 11    
creek chub 1 7      
brook stickleback 1 2 1    

Middle Creek 
Station M-1 M-2 M-3 M-4 M-5 
central mudminnow 23 78   2  
white sucker 1     1  
northern redbelly dace       3  
bluntnose minnow 4 17 18   
blacknose dace 9       
creek chub 4     1  
pumpkinseed 5 54 61   
brook stickleback       6 20+ 

West Creek 
Station W-1 W-2 W-3   
white sucker 31     
northern redbelly dace 1     
common shiner 9     
bluntnose minnow 1     
blacknose dace 27 7    
creek chub 53  3   
brassy minnow 1     
hornyhead or river chub 1     
brook stickleback 12  1   
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have led to these modifications include changes to the land 

surface (land clearing and agricultural or urban 

development), pumping from wells or discharges of 

effluents or stormwater and direct alteration of stream 

channels. Thus today’s existing conditions reflect not only 

the natural characteristics of the watersheds but also by the 

cumulative impacts of past and present human influences. 

The key processes/functions/characteristics of 

watercourses which influence their biota are base flow, 

hydrology, channel form, water temperature, water 

chemistry and riparian vegetation.  Base flow is derived 

from groundwater that discharges to a stream and it is 

necessary to prevent streams from going dry between 

precipitation events.  Changes in base flow are cumulative 

in a downstream direction, so that increases or decreases 

in base flow in one stream or section of stream influences 

base flow in sections downstream.  Thus, base flow in the 

Hespeler West tributaries contributes to base flow in the 

Speed River, which contributes to base flow in the Grand 

River.   

Groundwater also plays a role in temperature moderation.  

In southern Ontario, groundwater is necessary to maintain 

low enough summer stream temperatures to permit 

streams to support brook trout and other coldwater species.  

Furthermore, brook trout spawn exclusively in areas where 

groundwater discharge occurs.  This is presumed to be an 

adaptation to prevent the developing embryos, which are 

spawned in the fall, from freezing during their winter 

incubation.  Thus, for several reasons, the maintenance or 

enhancement of both groundwater recharge and 

groundwater discharge is very important to streams. 

Hydrology is linked to channel form and stability.  

Generally, natural streams with (dynamically) stable banks 

and channels support more fish and more fish species than 

unstable streams.  Furthermore, some life stages or 

activities of many fish and invertebrate species are 

seasonal, and are linked to hydrologic events, such as the 

spring freshet.  Therefore maintenance of a natural 

hydrologic regime is generally beneficial. 

Natural channels vary in nature with the geology, 

topography, hydrology and riparian vegetation, but 

generally consist of repeating series of pools, riffles and 

runs that each have differing depth, velocity and substrate 

characteristics.  Different habitats support different fish and 

invertebrate species or, in some cases, different life stages 

of a single species.  Thus maintaining or recreating natural 

channel form is desirable. 

Water chemistry deals primarily with dissolved substances, 

including dissolved oxygen which is essential for fish life.  

Decomposing organic matter can reduce dissolved oxygen 

concentrations in streams and ponds to levels where some 

fish species cannot survive.  Excessive plant growth can 

also contribute to low night-time dissolved oxygen 

concentrations when plants are consuming oxygen through 

respiration but not producing it through photosynthesis, as 

they do during the day, the solubility of oxygen increases 

as temperature decreases. Consequently, lower water 

temperatures are of benefit where dissolved oxygen levels 

are of concern.   

Riparian vegetation serves several functions for stream 

ecosystems.  It provides shade, thereby reducing solar 

heating.  It increases bank stability.  It provides cover for 

fish and other animals and provides food, both in the form 

of insects that may fall from it into the water and, more 

importantly, as leaves and debris that falls into the streams 

and then are consumed by a variety of invertebrate 

organisms. 
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B 7.1  Introduction 

It is recognized that the land within the subwatershed study 

area is in a state of transition from agricultural and rural 

uses to urban uses. However, a portion of the study area is 

presently designated agricultural.  Agriculture, because of 

its presence in the subwatershed, has the potential to affect 

water quality and quantity either in the short-term or in the 

long-term.  As agricultural uses are present in the upstream 

area of the subwatershed, what occurs in agricultural areas 

has the potential to affect water that is currently flowing 

through and will continue to flow through an urban area 

downstream from the agricultural areas.  Therefore, the 

objectives of this investigation are to: 

• provide a general description of agriculture within 

the subwatershed study area; 

• characterize the urban-agricultural interface; 

• identify any existing agricultural issues; 

• evaluate how agricultural impacts on 

subwatershed ecology can be minimized;  

• identify possible agricultural Best Management 

Practices; and 

• Identify location of aggregate resources. 

The information presented is not intended to be as detailed 

and/or specific as that which would be included in an 

agricultural impact assessment associated with an official 

plan amendment. 

B 7.2  Biophysical Description  

The bedrock underlying the subwatershed on the east side 

is predominantly a cream to buff colored dolomite of the 

Guelph formation.  On the west side, the underlying 

bedrock has been mapped as Salina Formation and 

consists of interbedded brown dolomite and gray shale 

(Karrow, 1971).  The bedrock is overlain by overburden 

that resulted from the action of glaciers. The depth of the 

overburden varies but in some areas is relatively close to 

the surface, that is, within one metre of the soil surface.  

Where bedrock is close to the surface within the 

subwatershed, soil series such as Brooke and Farmington 

have been mapped (Presant and Wicklund, 1971). 

Part of the study area is characterized by rolling 

topography typical of glacial moraine.  The moraine has 

subsequently been reworked by melt waters resulting in 

glaciofluvial deposits of outwash sand and gravel as well as 

glaciolacustrine sand and silt soil materials which have 

relatively little topographic variation.  More specific 

mapping and descriptions of the bedrock and Pleistocene 

geology are summarized by Karrow in the report Soils of 

Waterloo County by Presant and Wicklund (1971).  As well, 

soil materials are described in Section B 1.0 of this report. 

B 7.2.1  Agricultural Soils 

As a result of the past soil formation processes, the land 

has a broad cross-section of different agricultural soil types, 

drainage classes and topography.  Organic soils as well as 

mineral soils are found within the subwatershed.  Based on 

the maps produced by Presant and Wicklund (1971), 

approximately 24 different soil series, soil phases or land 

types have been identified.  The characteristics of these 

soils are summarized in Table B 7.2.1.  Within the study 

area, the predominant soils to the north are Lisbon and 

Brady series.  These soil series are well and imperfectly 

drained respectively, and have sandy loam surface 

textures.  Texture below the soil surface horizon ranges 

from loamy sand to sandy loam.  In the south, an additional 

soil called Burford is also relatively predominant.  This 

series is well-drained and is coarse with surface textures 

B 7.0  AGRICULTURE AND RURAL 
RESOURCES 
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mapped as a gravelly loam or cobbly sandy loam.  The 

underlying layer, called parent materials, has a gravelly 

sandy loam texture  

B 7.2.2 Soil Capability for Agricultural 
Production  

Most of the land within the subwatershed remaining in 

agricultural production has been rated for soil capability 

between Classes 1 and 3 (following the soil map and 

capability class interpretation published by Presant and 

Wicklund, 1971).  There are some areas that are not prime 

and are classified in capability classes 4, 5 and 6.  Field 

observations for individual farm fields indicate that soil 

capability classes tend to follow the published capability 

ratings. 

Notes 
1. Slope Class Convention 

Slope classes mapped within the Region of Waterloo follow an alphabetic convention.  Slopes are recorded in the field as a percent 
which is calculated by dividing rise by run and subsequently multiplying the result of the division by 100 percent.  Slope class 
represents a range of percent as follows: 
Slope Classes 
Simple              Complex  Range (%) 
A   a   0.0 -   3.0 
B  b   3.1 -   6.0 
C  c   6.1 -   12.0 
D  d   12 + 
Uppercase letters denote simple regular slopes whereas lowercase letters indicate complex irregular slopes. 
 

2. Common Field Crop Capability Class 

Table B 7.2.1  Summary of Agricultural Soil Characteristics 

 Soil Name Drainage Surface Texture Parent Materials/underlying soil or rock Slope Classes Capability 
Class 

 Brady Imperfect Sandy loam Sandy loam A,B 2 
 Brisbane Imperfect Sandy loam Gravelly loamy sand A 2 
 Brooke Poor Loam or silt loam Dolomitic limestone A 6 
 Burford Well Gravelly loam Gravelly sandy loam A, B, C, c, D 2, 3, 4 
 Burford Well Cobbly sandy loam Gravelly sandy loam b, D 3, 5 
 Caledon Well Sandy loam Gravelly loamy sand A, B 2 

 Camilla Imperfect Sandy loam Gravelly sandy loam A 2 
 Conestogo Imperfect Silt loam Loam till A 1 
 Farmington Well Sandy loam Dolomitic limestone A 6 
 Floradale Imperfect  silt loam Loam -- gravelly layers A, B 1 
 Fox Well Sandy loam Sand C 3 
 Gravel pit Variable Not present Sand and gravel suitable for aggregate Variable Not rated 

 Guelph Well Loam Loam till A, B, C, D 1, 2, 3, 4 
 Guelph Well Sandy loam Loam till A, B 2, 3 
 Hespeler Poor Sandy loam Gravelly sand A 4 
 Hawkesville Poor Silt loam Sandy loam and loam over gravelly sandy loam A 4 
 Lisbon Well Sandy loam Loamy sand A, B, b, C, c, D 2, 3, 4 
 London Imperfect Loam Loam and sandy loam till A, B 1, 2 

 Organic Very poor Decomposed organics Decomposed organics 12 to 36 inches deep A 0 
 Organic Very poor Decomposed organics Decomposed organics > 36 inches deep A 0 
 Maryhill Poor Loam Loam till A 2 
 Preston Imperfect Sandy loam Loamy sand over dolomitic limestone A 4 
 St. Jacobs Well Silt loam Very gravelly loamy sand A, B 1 
 Woolwich Well Silt loam Loam till A, B 1 
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The class, the broadest category in this classification, is a grouping of subclasses that have the same relative degree of limitation or 
hazard.  The limitation or hazard becomes progressively greater from Class 1 to Class 7.  The class indicates the general suitability of 
the soils for agricultural use. 
Class 1 - Soils in this class have no significant limitations in use for crops. 
Class 2 - Soils in this class have moderate limitations that restrict the range of crops or require moderate conservation practices. 
Class 3 - Soils in this class have moderately severe limitations that restrict the range of crops or require special conservation 
practices or both. 
Class 4 - Soils in this class have severe limitations that restrict the range of crops or require special conservation practices or both. 
Class 5 - Soils in this class have very severe limitations that restrict their capability of producing perennial forage crops, and 
improvement practices are feasible. 
Class 6 - Soils in this class are capable only of producing perennial forage crops and improvement practices are not feasible. 
Class 7 - Soils in this class have no capability for arable culture or permanent pasture. 
The original soil capability rating report (Environment Canada, 1972) has a number of assumptions which have been applied to the 
interpretation of soils in the subwatershed.  Two of these assumptions (Environment Canada, 1972) are germane to a discussion on 
the capability of the subwatershed and are as follows: 
Good soil management practices that are feasible and practical under a largely mechanized system of agriculture are assumed. 
Soils considered feasible for improvement by draining, by irrigating, by removing stones, by altering soil structure, or by protecting 
from overflow, are classified according to their continuing limitations or hazards in use after the improvements have been made. The 
term "feasible" implies that it is within present day economic possibility for the farmer to make such improvements and it does not 
require a major reclamation project to do so. Where such major projects have been installed, the soils are grouped according to the 
soil and climatic limitations that continue to exist. A general guide as to what is considered a major reclamation project is that such 
projects require co-operative action among farmers or between farmers and governments. (Minor dams, small dykes, or field 
conservation measures are not included). 
 

B 7.3  Socio-economic Description 

Less than half of the land area within the Hespeler West 

subwatersheds is in agricultural production with common 

field crops such as corn, wheat and soybeans 

predominating.  Some fields are used as hay/pasture. 

Because of the aforementioned variability in the soils and 

topography, ownership patterns as well as the broad mix of 

land uses within the study area, farm fields are relatively 

small and are subdivided by existing woodlots, wetlands 

and hedgerows (see Section B 8.0). 

Two other agricultural land uses are significant within the 

subwatershed.  The first is a crop research area of 270 ha 

that is called the Cambridge Research Station part of which 

is located within the subwatershed.  The station is operated 

jointly by the University of Guelph and the Ontario Ministry 

of Agriculture and Food.  The second is a relatively large 

sod production business located within and around the 

subwatershed. 

B 7.3.1  Planning Designation and Land Use 
Trends 

Currently, the agricultural designation in the City Official 

Plan extends north of Maple Grove Road and north of 

Middle Creek. This area has cash crop and mixed farming 

in addition to a number of sod farm operations and includes 

the agricultural research station. This is shown as the 

border between the Agricultural Resource Area and City 

Urban Area (see Figure A 2.2.1).  

The Regional Municipality of Waterloo has taken a 

proactive approach to growth management and has 

identified a number of potential growth areas within the 

Region.  One such area is the land between the City’s 

industrial subdivision on the north side of Maple Grove 

Road, to the City’s northern boundary.  The City has 

responded to that initiative by stating the desire to maintain 

a “Countryside Line” that runs along Middle Block Road 

and Mohawk Road.  The “Countryside Line” is shown on 

Figure C 2.1.1 and was derived from the report titled, 

“Response to Planning our Future: A Smart Growth 

Initiative by the Region of Waterloo” (Report # P-58-02).  

Discussions between the Region and the City are 
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continuing on future growth boundaries, but the current 

Official Plan with a planning horizon of 2016 remains in 

effect. 

B 7.3.2  Farm Infrastructure and Economics 

Farm infrastructure includes buildings as well as 

improvements to land such as tile drainage, irrigation 

systems (or parts thereof) and erosion control structures.  

Relative to other areas in the province, farm investment in 

infrastructure within the subwatershed is generally low.  

Farm buildings within the subwatershed vary in size and 

condition.  However, many of the farm buildings do not 

currently appear to be in agricultural uses related to their 

original design.  There is an exception to the general 

observations on infrastructure as some significant 

infrastructure is associated with the research station 

operated by the University of Guelph and OMAF. 

Drainage improvements such as tile drainage are not 

required in many locations because soils are well-drained.  

Erosion control structures were observed in fields where 

sod is being produced.  The relatively low investment in 

non-institutional farm related infrastructure within the study 

area is predictable given that: 

• The subwatershed area is urbanizing. 

• The lack of available funding due to the low 

economic returns associated with common field 

crop production like that which is present in the 

subwatershed. 

The problem of low economic returns within agriculture has 

been relatively consistent over time.  An older planning 

report, evaluating agriculture in Ontario, suggested that 

profitable agriculture on soil capability Class 2 or poorer 

lands was difficult if common field crops were grown 

(Center for Resources Development, 1972).  Relatively low 

returns associated with common field crop production have 

resulted in the need to supplement farm income from 

sources other than the farm.  Relatively recent data 

available from Ontario Ministry of Agriculture and Food 

(from:http://www.gov.on.ca/OMAFRA/english/stats/finance/i

ndex.html, 2001) clearly indicate that, on average, more of 

total farm income comes from non-farm sources than from 

farm sources (See Figure B 7.3.1).  Better economic 

returns are associated with specialty crop production 

especially when these crops are sold directly to the public.  

This relationship is illustrated in Figure B 7.3.2 

(from:http://www.gov.on.ca/OMAFRA/english/stats/hort/ind

ex.html 2001) where the dollars received per unit area are 

significantly higher for the specialty crops sod, potatoes 

and tomatoes when compared to common field crops such 

as soybeans and hay.  The dollars received are also a 

function of what is called marketing channel.  Therefore, 

dollars received are significantly higher when produce is 

sold directly to retail buyers through a marketing channel 

such as a roadside stand or farmers’ market.  Finding data 

that provide a breakdown for price related to marketing 

channel is difficult.  However, past studies by OMAF (from 

http://www.gov.on.ca/OMAFRA/english/stats/hort/index.htm

l, 2001) are available for apples and demonstrate clearly 

the differences in price received within different marketing 

channels.  The data are summarized in Figure B 7.3.3.  

With respect to the subwatershed, sod is produced and 

sold directly to the public.  As well, the soils in the 

subwatershed area have the potential to be used (and have 

been used) for potato production and these crops can also 

be sold directly to the public - thereby maximizing gross 

returns.  Generally speaking, it should be noted that net 

returns are higher when gross returns are higher. 

In addition, part of the subwatershed is used for agricultural 

research.  These research lands are subject to economic 

and political influences not found in other parts of the 

subwatershed. 
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B 7.3.3  Soil Erosion in Agricultural Fields 

On the basis of field observations, cultivated lands within 

the subwatershed are currently eroding.  This erosion 

ranges from shallow loss or deposition areas related to 

wind erosion in addition to small rills or relatively large 

gullies caused by water erosion.  However, no detailed 

assessment of the subwatershed has been completed to 

quantify the relative amount/severity and location of erosion 

by water or wind within farm fields.  The same field 

observations also indicate that sediment delivery to creeks, 

ponds or wetlands located within the subwatershed is 

relatively low.  In other words, most of the sediment 

appears to be re-deposited in swales within farm fields or 

within grassed and/or forested lands located adjacent to 

the fields within which erosion is occurring. 

In addition, no detailed assessment of soil erosion potential 

has been completed for individual fields.  A detailed study 

of soil erosion potential as well as the severity and extent of 

existing erosion would need to be completed to identify 

those areas either currently or potentially at risk.  The level 

of detail required is beyond the scope of this study. 

B 7.4  Aggregate Resources 

The Ontario Geological Survey is responsible for the 

identification of general locations of aggregate deposits 

within the Province.  Aggregate Resource Inventory Paper 

161 for Waterloo Region (1998) identifies two types of 

deposits within the study area.  

First, a ‘primary significant sand and gravel deposit’ 

(Number 26) generally underlies an area north of Highway 

401 and south of Maple Grove Road.  On the easterly 

portion of this deposit, east of Speedsville Road, abutting 

the Speed River Wetland Complex, is a Category 3 Class A 

aggregate operation licensed under the Aggregate 

Resources Act (License #5537).  This area was first 

licensed under the old Pits and Quarries Act in 1971-72, 

and revised in 1996.  North of Briardean Road, just east of 

Speedsville Road, is another Category 3 Class A licensed 

Figure B 7.3.3 
Farm Value 
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aggregate operation (License #46162), approved and 

licensed in 2000.  These licenses are both issued in the 

name of Arriscraft International Inc.  Under the Aggregate 

Resources Act, all activities within these licensed areas are 

governed by the terms of the licenses, the site plans and 

the operating standards prescribed by the regulations 

under the Act.  The licensed pit areas have been shown on 

Figure B 7.4.1  

Secondly, a large ‘tertiary significant sand and gravel 

deposit’ underlies the northeast quadrant of the study area.  

Neither the Region nor the City have identified these 

deposits in their Official Plans, since these aggregates 

have marginal commercial viability.  There are no licensed 

pit areas in this deposit in the study area. 

B 7.5  Summary of Agricultural and Rural 
Resource Issues  

The management of the subwatershed will be influenced by 

the relative weight given to agriculture within the planning 

process in the short run as well as in the long-term.  

Agricultural uses are predominant in the north portion of the 

subwatershed and have the potential to significantly affect 

water quality and quantity. 

This effect is a function of the kinds of agricultural use and 

their relative proportion within the subwatershed but most 

importantly is a function of the management practices 

chosen and applied by each agricultural operation.  

Planning policies directly related to agriculture are, for the 

most part, related to the preservation of the soil resource 

supporting agriculture but do not address issues related to 

best management practices.  Therefore, agricultural issues 

related to the management plan can be divided into two 

distinct categories where the first category relates to 

agricultural provincial planning policy and the second 

category relates to best management practices as 

summarized in the following: 

1. Planning within the subwatershed should 

maximize the preservation of agricultural land as 

long as possible with priority given to lands with 

higher common field crop capability.  In addition, 

additional characteristics may need to be 

considered when assigning priorities for the 

preservation of agricultural land.  For example, 

public opinion may indicate that the Cambridge 

Research Station should be given a higher priority 

when rating agricultural lands. 

2. Encouragement of, or recommendations related 

to, best management practices will need to 

consider: 

a. farm economics (that is, how much 

money is available to the farmer for the 

application and/or implementation of a 

particular practice); 

b. the sometimes contradictory 

characteristics of best management 

practices (that is, the fact that some 

practices may be best for one particular 

environmental component but may 

represent a negative condition when 

associated with a different environmental 

component); and 

c. finally and most importantly, the  

individual skill sets and interests of 

farmers applying those best management 

practices. 

3. The Cambridge Official Plan discourages a high 

concentration of sod farms in agricultural areas.  

However, within this subwatershed such 

discouragement is not necessary for the following 

reasons.  Sod farms are more economically viable 
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than other farms (particularly those producing 

common field crops).  As well, sod farms need to 

be close to the market that they serve (urban 

areas) because of transportation costs in addition 

to problems of heating associated with rolled sod 

product.  The heat destroys the sod.  While there 

is some criticism of sod farming because it results 

in soil removal, more recent management 

techniques minimize or eliminate topsoil loss.  In 

addition, sod has been shown to improve soil tilth, 

water infiltration and provide protection from wind 

and water erosion.  In an urbanizing area, sod 

farms provide an open green area similar to the 

adjacent landscaped urban lands and are 

generally perceived to be better neighbours then 

some other kinds of agricultural operations - 

particularly those involved in livestock production.  

Some of this information and additional discussion 

on sod production is available at 

http://www.gov.on.ca:80/OMAFRA/english/crops/f

acts/info_sodprod.htm.  Locations of local sod 

farms within Hespeler has been shown in Figure B 

7.4.1. 

4. Two aggregate deposits, a primary and a tertiary, 

are located within the study area. In addition, two 

approved aggregate licenses are present within 

the study area. Future studies (i.e., the 

Community Plan) and development should 

incorporate the reality of existing approved 

licenses made under the Aggregate Resources 

Act and maximize the use of the existing resource 

during development.  

 

B 8.1  Introduction 

Background documents relating to terrestrial resources 

(vegetation and wildlife) within the Hespeler West 

subwatersheds documents were reviewed in the fall and 

winter of 2001-02. Existing terrestrial resources were 

inventoried in the winter, spring and summer of 2002. 

Based on the data gathered, lists of flora and fauna were 

produced and their conservation status evaluated. The 

summary map is Figure B 8.3.1 - “Existing Natural Heritage 

Features”, which depicts discrete vegetation communities 

according to the Ecological Land Classification system 

(Ecosite Level).  

B 8.2  Background Review 

B 8 2.1  Special Features 

Figure A 2.2.3 shows existing Provincially and Locally 

Significant Wetlands in the study area, based on Map 8 in 

the City of Cambridge Official Plan.  Figure A 2.2.4 shows 

existing Environmentally Sensitive Policy areas and Locally 

Significant Natural Areas, based on Map 9 in the Official 

Plan. 

The study area contains two existing evaluated wetland 

complexes: the ‘Locally Significant’ Maple Grove Road 

Complex (Skinner et al., 1995) and the ‘Provincially 

Significant’ Speed River Wetland (Coulson et al., 1986). 

The Maple Grove Road Complex extends across on the 

upper reaches of Middle Creek and the lower reaches of 

East Creek (Figure A 2.2.3).  The Speed River Wetland is 

mainly found in areas adjacent to the Speed River. Several 

unevaluated wetland features are also found within the 

subwatershed; some of these are being added to the 

evaluated wetlands (see below). 

B 8.0  TERRESTRIAL RESOURCES 
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Two other ‘Provincially Significant’ wetland complexes are 

found within 500 metres of the subwatershed boundaries. 

They are the Ellis Creek Wetland Complex (Coulson et al., 

1987) and the Kossuth Wetland Complex (Timmerman et 

al., 1995). 

According to Map 9 in the City of Cambridge Official Plan 

(Corporation of the City of Cambridge, 1999), most of the 

natural heritage features associated with the upper reaches 

of Middle Creek are officially recognized as a “Locally 

Significant Natural Area” (LSNA). Pages 40 and 41 of the 

Official Plan list the LSNA designation criteria. More 

specifically, it appears that the natural heritage features 

recognized correspond with Units 9A and 10A of the 

Cambridge Natural Areas Inventory, as shown on Map 3 of 

the NAI Study (Environmental Advisory Services, 1996). 

These two units almost entirely contain within their 

boundaries the upper half of the Locally Significant Maple 

Grove Road Wetland Complex. The natural heritage 

features associated with the lower half of the Maple Grove 

Road Complex have not received equal recognition as an 

LSNA, however Locally Significant Wetlands normally merit 

such designation and are designated Class One 

(Significant Natural Features) Open Space District.  As part 

of this subwatersheds study all natural heritage features 

will be reviewed to determine their wetland and LSNA 

status for potential inclusion into the City’s Natural 

Environment System. 

No “Environmentally Sensitive Policy Areas” (ESPAs) are 

recognized as occurring within the Hespeler West 

subwatersheds study area (Regional Municipality of 

Waterloo, 1998; Corporation of the City of Cambridge, 

1999). However, similar to the treatment of LSNAs, this 

subwatersheds study will review all new and background 

information to determine whether any natural heritage 

features merit such designation. ESPAs are defined by 

their designation criteria listed on pages 33–34 of the 

Regional Official Policies Plan (Regional Municipality of 

Waterloo, 1998). The closest ESPA to the Hespeler West 

Subwatersheds Study is the “Kossuth Swamp” (ESPA 

#22). It is located approximately 675 metres north of the 

subwatersheds boundary (Regional Municipality of 

Waterloo, 1998). 

B 8 2.2  Vegetation Resources 

The Hespeler West subwatersheds (comprised of East 

Creek, Middle Creek and West Creek) are located in a 

transitional area between the Great Lakes - St Lawrence 

Forest and the Deciduous Forest Regions (Hosie, 1975); 

the former forest region is also known as the Carolinian 

floristic zone [Soper (1956)].  As such, vegetation 

resources in the subwatershed are represented by species 

with northern and southern affinities. 

Vegetation resources in the subwatersheds have been 

previously documented through a number of studies 

including the following: 

• Cambridge Natural Areas Inventory – Table 4 and 

original field notes (Environmental Advisory 

Services Ltd., 1996). 

• Ontario Natural Heritage Information Centre – 

Rare species element occurrence database 

(ONHIC, 2001h). 

• Distribution and Status of the Vascular Plants of 

Central Region (Riley, 1989). 

• Wetland Data Record – Maple Grove Road 

Complex. Third Edition (March, 1995). Aug 16, 

22–25, 1995. (Skinner, A., B. Tilt, and R. Jollette, 

1995). 

• Wetland Data Record – Speed River Wetland. 

Second Edition (1984). June 23–25, 1986. 

(Coulson, D.P., E. O’Neill, B. Neeb-Brechin, M. 

Ross, M. Belanger, and B. Ahrens, 1986). 
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• Wetland Data Record and Evaluation – Ellis Creek 

Wetland Complex. Second Edition (1984). Second 

Edition. June 19, 1987; July 28 and Aug 2, 1988. 

Ontario Ministry of Natural Resources (1987) and 

Ecologistics Ltd. (1988). Manuscript. 22pp.  

(Bergmann, B., M. Ross, N. Sullivan, D. Coulson 

and D. Stephenson. 1988). 

a = Regionally Rare-Waterloo (1985)    
b = Regionally Rare, Riley (1989) 
S = Is regionally significant 
T = Is regionally significant but is expected to be delisted 
n = Native colonies only 
NPL = Not on present list 
 

• Wetland Data Record – Kossuth Wetland 

Complex.  Third Edition (March 1995).  July 21, 

Aug 1,2,9 and 18, 1995.  (Timmerman. A., A. 

Skinner, and B. Tilt, 1995). 

Environmental Advisory Services Ltd. (1996) examined 

most of the natural heritage features in the Hespeler West 

subwatersheds in 1995 as part of a natural area study 

undertaken for the City of Cambridge. During the course of 

their work they noted several species considered significant 

in the Regional Municipality of Waterloo. Status 

designations were based on A Preliminary Annotated List 

of the Plants of the Regional Municipality of Waterloo, 

Ontario (Campbell and Lamb, 1984) and MNR’s 

Distribution and Status of the Vascular Plants of Central 

Region (Riley, 1989). These species and their approximate 

locations are listed in Appendix J1. Some of these species 

were also incorporated into the Ministry of Natural 

Resource’s wetland evaluation scoring for the Maple Grove 

Road Complex (Skinner et al., 1995). 

The most current expression of botanical status in Waterloo 

Region is the revised Regional Municipality of Waterloo 

Significant Plant List (R. M. Waterloo, 1999).  This 

document was released after the Cambridge Natural Areas 

Inventory was completed. Table B 8.2.1 provides a 

comparison between those species considered significant 

at the time the Cambridge Natural Areas Inventory was 

conducted and those species considered significant today. 

Based on this most recent status list, at least eleven, and 

possibly twelve regionally rare species are reported in 

background documents to occur in the Hespeler West 

subwatersheds (R. M. of Waterloo, 1999). They include: 

Alnus rugosa  Speckled Alder  
Carex woodii  Pretty Sedge  
Dryopteris filix-mas  Male Fern  
Epilobium strictum  Downy Willow-herb  
Gentiana andrewsii  Closed Gentian  
Pilea fontana  Springs Clearweed  
Populus deltoides  Eastern Cottonwood  
Quercus bicolor  Swamp White Oak  
Salix humilis  Tall Prairie Willow  
Sorbus americana  American Mountain-ash  
Zanthoxylum americanum  Northern Prickly Ash  
Menispermum canadense  Canada Moonseed  

Table B 8.2.1 Significant Species Reports in the 
Cambridge Natural Areas Inventory (1995) 

Scientific Name Common Name Status Significant 
species 

Quercus bicolor Swamp White Oak b S 
Lycopus uniflorus Northern Bugleweed b NPL 
Bidens frondosa Devil’s Beggar’s Ticks b NPL 
Leersia oryzoides Rice Cutgrass a NPL 
Salix humilis Tall Prairie Willow a S 
Populus deltoides Eastern Cottonwood a n 
Zanthoxylum  
americanum Northern Prickly Ash a T 

Bidens vulgata Tall beggar’s Ticks b NPL 
Carex cristatella Crested Sedge b NPL 
Carex flava Yellow Sedge a NPL 
Carex woodii Pretty Sedge b T 
Salix eriocephala Heart-leaved Willow a NPL 
Polygonatum biflorum Giant Solomon’s Seal b NPL 
Sorbus americana American Mountain-ash b S 
Solidago gigantea Smooth Goldenrod a NPL 
Pilea fontana Springs Clearweed b S 
Salix bebbiana Bebb’s Sedge a NPL 
Alnus rugosa Speckled Alder a T 
Menispermum  
canadense Canada Moonseed a S 

Gentiana andrewsii Closed Gentian a S 
Epilobium strictum Downy Willow-herb b S 
Equisetum sylvaticum Woodland Horsetail a NPL 
Dryopteris filix-mas Male Fern b S 
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Additional plant records were obtained from the data 

sheets for the Speed River Provincially Significant Wetland 

(Coulson et al., 1986). Two of the species listed are 

considered regionally significant.  They are: Interrupted 

Fern (Osmunda claytoniana) and Walking Fern 

(Campytosorus rhizophyllus). However, since the wetland 

extends beyond the boundaries of the subwatersheds, the 

two species may not occur in the Hespeler West 

subwatersheds.  For this reason, they have been excluded 

from the list above until their location can be ascertained. 

B 8.2.3  Wildlife Resources 

The following sources were consulted for wildlife 

information: 

• Cambridge Natural Areas Inventory – Table 5 

and original field notes (Environmental 

Advisory Services Ltd., 1996). 

• Ontario Natural Heritage Information Centre – 

Rare species element occurrences database 

(ONHIC, 2001h). 

• Ontario Herpetofaunal Atlas – data records 

for UTM squares 17NU40 & 17NU50 

(NAD27) – aside from individual local 

contributors, includes data gathered as part of 

the atlas project of the herpetofauna of 

Waterloo Region (1976–1981) and Hamilton 

Herpetofaunal Atlas (1984–1992). 

• “The Herpetofauna of Waterloo Region, 

Ontario” – Journal article documenting the 

results of the 1976–1981 atlas project 

(Francis, G.R. and C.A. Campbell, 1983). 

• “The Reptiles and Amphibians of the Hamilton 

Area:  A Historical Summary and Results of 

The Hamilton Herpetofaunal Atlas” (Lamond, 

1994). 

• Wetland Data Record – Maple Grove Road 

Complex. Third Edition (March, 1995). Aug 

16, 22–25, 1995. (Skinner, A., B. Tilt, and R. 

Jollette, 1995). 

• Wetland Data Record – Speed River Wetland. 

Second Edition (1984). June 23–25, 1986. 

(Coulson, D.P., E. O’Neill, B. Neeb-Brechin, 

M. Ross, M. Belanger, and B. Ahrens, 1986). 

• A Checklist of Waterloo Lepidoptera, 

Papilionoidea – The Butterflies (Larry Lamb, 

April 11, 1967). 

• Woodward, Susan (The Centre for 

Biodiversity and Conservation Biology at the 

Royal Ontario Museum) – personal (e-mail) 

communication, November 8, 2001. 

• Ontario Mammal Atlas (Dobbyn, 1994) – data 

records for UTM square. 

• Thompson, Melinda (Species at Risk Biologist 

– OMNR Guelph) – personal communication, 

December 19, 2001. 

• Ontario Breeding Bird Atlas 2001 – field data 

records for UTM square 17NJ50 (NAD83) 

“Cambridge North”. (Bill Wilson [Regional 

Coordinator for Waterloo Region], December 

21, 2001). 

• Kitchener-Waterloo Field Naturalists – letter 

read out at January 2002 meeting and 

February 2002 outing requesting natural 

history information. 

Based on the list of sources reviewed above, 55 species of 

wildlife have been recorded from the three component 

Hespeler West subwatersheds (Appendix J2). Most refer 

to resident breeding species, but some are also 

observations of species passing through during migration. 

They include 11 species of amphibians and reptiles, 35 

species of birds and 9 species of mammals. Of the 

breeding residents, 6 species are recognized to be 
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‘significant’ in the Regional Municipality of Waterloo (R. M. 

of W., 1985a; R. M. of W., 1985b; R. M. of W., 1996). This 

includes 2 species of herpetofauna, 2 birds and 2 

mammals. 

A check of the Ontario Natural Heritage Information Centre 

rare species element occurrence database yielded no 

‘significant’ species for the Hespeler West subwatersheds 

area (M. Thompson pers. comm. 2001). Typically, this 

includes species officially recognized to be provincially 

‘vulnerable’, ‘threatened’ or ‘endangered’, as well those 

with a provincial rarity rank of S3 (rare to uncommon in 

Ontario; usually between 20 and 100 occurrences in the 

province) or lower. 

Most of the background information on wildlife was 

obtained from the City of Cambridge Natural Areas 

Inventory (Environmental Advisory Services, 1996).  A list 

of species observed from within the Hespeler West 

subwatersheds was compiled based on this source (see 

Appendix J3).  In total, 34 wildlife species are on record, 

including 6 species of herpetofauna (amphibians and 

reptiles), 25 species of birds, and 3 species of mammal.  

Four of these species are considered to be “significant” in 

the Regional Municipality of Waterloo: Bullfrog (Rana 

catesbeiana), Great Blue Heron (Ardea herodias) Ruby-

throated Hummingbird (Archilochus colubris), and Hairy 

Woodpecker (Picoides villosus). No details were provided 

in the field notes to distinguish whether the Great Blue 

Heron was actually breeding on site or simply an individual 

foraging in the area. 

A review of the Ontario Herpetofaunal Atlas database 

(administered by the Ontario Natural Heritage Information 

Centre) yielded 23 individual records for the 

subwatersheds, representing ten species (Table B 8.2.2).  

An eleventh species, the Northern Redback Salamander 

(Plethodon cinereus) may also have been documented 

from the subwatershed.  Unfortunately, detailed location 

information was absent.  One of the species noted, the 

Northern Water Snake (Nerodia sipedon sipedon) is 

considered to be significant in the Regional Municipality of 

Waterloo (Regional Municipality of Waterloo, 1985a.) It was 

observed along the Speed River in 1987.  In addition to 

various local contributors, the Ontario Herpetofaunal Atlas 

records included data gathered as part of the atlas project 

of the herpetofauna of Waterloo Region (1976–1981) and 

Hamilton Herpetofaunal Atlas (1984–1992). In fact, 15 of 

the 23 records date back to between 1978 and 1981. The 

remainders are for the mid to late 80s. 

 

The Ontario Mammal Atlas database yielded only five 

records clearly known to have occurred within the 

boundaries of the three Hespeler West subwatersheds 

(Table B 8.2.3). All of the species are considered common 

or very common in Ontario (ONHIC, 2001g). One of the 

species, the Virginia Opossum (Didelphis virginiana), is 

recognized as ‘significant’ in the Regional Municipality of 

Waterloo (R.M. of Waterloo, 1985b). Most of the 

observations (except for those of the White-tailed deer 

(Odocoileus virginianus) were made from along roadways. 

Table B 8.2.2  Ontario Herpetofaunal Atlas (Summary ) 
records for the Hespeler West subwatersheds (as of 

2002). 

Common Name Scientific Name Obs. Year(s) 
recorded

American Toad Bufo a. americanus 4 1981-87 

Gray Treefrog Hyla versicolor 2 1978 

Western Chorus Frog Pseudacris triseriata 3 1987-88 

Spring Peeper Pseudacris c. crucifer 5 1981 

Northern Leopard Frog Rana pipiens 1 1987 

Wood Frog Rana sylvatica 2 1980 

Snapping Turtle Chelydra serpentine 2 1996-97 

Midland Painted Turtle Chrysemys picta marginata 2 1987-88 

Northern Water Snake† Nerodia s. sipedon 1 1987 

Eastern Garter Snake Thamnophis s. sirtalis 1 1987 

† = Regionally Significant (Regional Municipality of Waterloo, 1985a) 
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No additional mammal records for the Hespeler West 

subwatersheds area are on record with The Centre for 

Biodiversity and Conservation Biology at the Royal Ontario 

Museum database (S. Woodward, pers. comm.). 

Most wetland features found within the subwatersheds 

have also been inventoried as part of the Ministry of 

Natural Resources wetland evaluation program. The 

wetland data records for the Maple Grove Road Complex 

(Skinner et al., 1995) and Speed River Wetland (Coulson et 

al., 1986) were reviewed for wildlife observations. Table B 
8.2.4 lists species documented from these reports. It 

should be noted that while the Maple Grove Road Complex 

is completely contained within the study area boundaries, 

the observations listed for the Speed River Wetland may 

not be present within the Hespeler West subwatersheds 

since the wetland extends beyond the boundaries of the 

subwatersheds. Two species of birds and eight species of 

mammals were noted in the documentation. Of these, 

several are considered to be significant in the Regional 

Municipality of Waterloo (see Table B 8.2.4). The Region’s 

designations for mammals have not been reviewed since  

1985 and some rankings may no longer “unofficially” apply. 

For example, Coyote may no longer merit regionally 

significant status. Furthermore, the information gathered 

from the Speed River Wetland Data and Scoring Records 

is quite dated. For example, if the American Black Duck 

(Anas rubripes) and Osprey (Pandion haliaetus) did breed 

in the subwatersheds during the time of the evaluation, 

conditions may have changed since then. These records 

should be interpreted with caution. 

Contact to secure 2001 Ontario Breeding Bird Atlas data 

for the “Cambridge North” atlas square (17NJ51) was 

initiated in December 2001. Unfortunately, based on 

conversations with the regional coordinator, little time was 

spent in the Hespeler West subwatersheds in 2001, more 

or less in the form of a reconnaissance. The few 

observations that took place were incorporated into the 

overall species list in January 2002. Database information 

from the first Ontario Breeding Bird Atlas (Cadman, et al., 

1987) was not utilized due to the dated nature of the 

records (1980-1985) and their lack of site specificity. 

Local residents have come forward with limited additional 

wildlife information to date (as of the June 26, 2002 Public 

Meeting). There have been general references to deer, 

coyote, and Great Blue Heron. 

Table B 8.2.3 Mammals documented in the Hespeler West Subwatersheds by the Ontario 
Mammal Atlas1 

Conservation Status  Common Name Scientific Name Ontario2 R.M. Waterloo3 
1  Virginia Opossum Didelphis virginiana S4 RS 

2  Eastern Cottontail Sylvilagus floridanus S5 --- 

3  Norway Rat Rattus norvegicus SE --- 

4  Raccoon Procyon lotor S5 --- 

5  White-tailed Deer Odocoileus virginianus S5 --- 

 

Legend 
S4 = Breeding resident. Common and apparently secure in Ontario; usually with more than            
         100 occurrences in the province. 

S5 = Breeding resident. Very common and demonstrably secure in Ontario. 

SE = Exotic; not believed to be a native component of Ontario's fauna. 
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RS = Regionally Significant in Regional Municipality of Waterloo (R.M. Waterloo, 1985b). 
 

References 
1. Dobbyn, J.A.S. 1994. Atlas of the Mammals of Ontario.  Federation of Ontario 
 Naturalists, Don Mills, Ontario. 120p. 
2. Ontario Natural Heritage Information Centre (ONHIC). 2002. NHIC List of Ontario 
 Mammals. Ontario Natural Heritage Information Centre Home Page. 
 http://www.mnr.gov.on.ca/MNR/nhic/queries/listout.cfm?el=am. 
3. Regional Municipality of Waterloo, 1985.  Appendix 4: Mammals in Environmentally 
 Sensitive Policy Areas. Technical Appendix. Approved by Council: 1986. 

 

Table B 8.2.4  Wildlife observations documented in the Maple Grove Road and 
Speed River Wetland Data and Scoring Records 

  Common Name Scientific Name Conservation 
Status 

Maple Grove 
Wetland Complex Speed River Wetland

Birds 
1  American Black Duck Anas rubripes RS  X 
2  Osprey Pandion haliaetus RS  X 

 
Mammals 

1  Red Squirrel Tamiasciurus hudsonicus  X  
2  Beaver Castor canadensis RS  X 
3  Muskrat Ondatra zibethicus   X 
4  Coyote Canis latrans RS X X 
5  Red Fox Vulpes vulpes  X X 
6  Raccoon Procyon lotor  X X 
7  Mink Mustela vison RS  X 
8  Striped Skunk Mephitis mephitis   X 

 
Legend 
RS = Regionally significant in Waterloo (R.M. of Waterloo, 1985b; R.M. of Waterloo, 1996). 

B 8.3  Vegetation Resources 

B 8.3.1  Field Methodology 

Vegetation resources (communities and plant species) 

within the subwatershed were characterized using available 

background information sources and supplemented with 

new field data collected for the current study. Individual 

vegetation communities were selected to represent the 

base terrestrial resource-mapping unit (polygons). 

Vegetation communities were interpreted from 1:8,000 

scale black and white aerial photographs dated April 2000, 

and mapped as polygons onto an ortho-rectified base. 

Individual polygons were assigned a unique identifier and 

prefixed with a number corresponding to the habitat block 

they are located in. 

Preliminary roadside reconnaissance of vegetation features 

was undertaken in October 2001. Detailed fieldwork of 

vegetation resources, and verification of vegetation 

community boundaries was carried out between early June 

and mid July 2002. Individual polygons were characterized 

according to a set of biophysical attributes including 

species composition, structural diversity, average canopy 

tree diameter, canopy closure, topography, slope, drainage 
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and linkage value. These ratings were used to identify 

constraints related to individual features. A detailed 

description of the vegetation assessment and constraint 

methodology utilized for the current study is presented in 

Appendix J5. Individual vegetation polygons were 

classified according to the Ontario Ministry of Natural 

Resources - Southern Ontario Ecological Land 

Classification (ELC) (Lee et al., 1998). Vegetation data for 

individual polygons was entered into a database. A 

checklist of all the vascular plants observed in the 

subwatersheds is included in Appendix J4a.  

Nomenclature for vascular plant species follows the Ontario 

Plant List (Newmaster et al., 1998).  

Fieldwork included verification of existing MNR wetland 

boundaries, and identification of unevaluated wetlands. In 

order to permit the updating of the wetland evaluations, 

dominant vegetation forms were noted in accordance with 

the protocols of the Ontario Wetland Evaluation System 

(1993).  

B 8.3.2  Summary of Findings 

B 8.3.2.1  Vegetation Communities 

The Hespeler West subwatersheds support a diverse 

assemblage of vegetation community types, which can be 

attributed to its geographic and physiographic setting. Nine 

ELC community series categories have been identified.  A 

list of vegetation communities and associated attributes is 

presented in Appendix J6.  The locations of individual 

vegetation community units or polygons are presented in 

Figure B 8.3.1 and Map 02.  Terrestrial and aquatic 

community classes represented in the subwatershed 

include: Cultural, Forest, Marsh, Swamp and Open Water. 

Although not included in the current ELC system, 

Agricultural Fields and Hedgerows represent two additional 

community series that are present in the subwatershed.  

Please note that the terminology used to describe the 

vegetation communities present (i.e., forest, woodland) is 

based on the system adopted under the MNR Ecological 

Land Classification system (Lee et al., 1998) and should 

not be confused with the terminology used in the Regional 

Municipality of Waterloo ‘Tree By-law’ (By-law No. 99-045) 

(see Section D 2.9).  The definitions under the By-law will 

apply to its application without regard to any other 

designations applied in this report.  A summary of 

community series categories in the subwatersheds is 

provided below; areas and percentages are summarized in 

Table B 8.3.1.  

A general characterization of the vegetative systems in the 

subwatershed is as follows: 

The upper watershed areas, principally north of Maple 

Grove Road, are in a relatively flat landscape with sandy 

surficial soils over variable parent materials. Areas 

underlain by fine-textured soils exhibit seasonal ponding 

that has led to the establishment of soft maple swamps as 

well as local mixed swamp stands. Occasional hummocks 

and rises have upland cover; the forests on East Creek in 

this area exhibit high botanical diversity due to the 

complexity of local hydrology and topography. There are 

also some soft maple swamp stands south of Maple Grove 

Road, where they tend to be quite localized, in some cases 

created by shallow bedrock. 

The creek valleys between Maple Grove Road and the 

heights above the Speed River exhibit fairly extensive 

groundwater discharge zones along the creek floodplains 

which are quite diverse and include mixed and deciduous 

swamp cover as well as marsh and thicket pockets.  These 

are also areas of high botanical diversity. A remnant 

woodlot on the Arriscraft lands (Unit 6.30 series) is an 

example of a highly diverse discharge system that has 

been otherwise eliminated within the entire study area. In 

this feature, an extensive array of springs and small creeks 
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feed into mixed and coniferous swamp and marsh on deep 

organic soils. Examples of Carolinian species such as 

shagbark hickory and Canada moonseed occur in this 

area.  

The forests along the Speed River are dominated by white 

cedar forest and swamps, located on shallow mineral or 

organic soils that are locally fed by springs and also 

sustained by periodic flooding. Local pockets with high 

species diversity occur in this extensive forest block. 

Table B 8.3.1  ELC Community Series’ 
Present in the Hespeler West Subwatersheds 

 ELC Community Series Area 
(Hectares) 

Percentage of 
subwatersheds

 Agriculture 379.04 38.29 

 Anthropogenic 222.34 22.46 

 Cultural Meadow 87.69 8.86 

 Cultural Plantation 14.36 1.45 

 Cultural Savannah 1.39 0.14 

 Cultural Thicket 23.87 2.41 

 Cultural Woodland 7.41 0.75 

 Coniferous Forest 7.51 0.76 

 Deciduous Forest 23.14 2.34 

 Mixed Forest 4.09 0.41 

 Hedgerow 10.12 1.02 

 Meadow Marsh 32.16 3.25 

 Shallow Marsh 0.27 0.03 

 Open Aquatic 8.80 0.89 

 Coniferous Swamp 10.18 1.03 

 Deciduous Swamp  87.36 8.82 

 Mixed Swamp 26.16 2.64 

 Thicket Swamp 14.78 1.49 

 TOTAL 960.67 97.04* 
*Roadways and other built features comprise the remaining 2.96% 
(29.30 ha). 

The following sections provide a brief description of each 

vegetation community. 

Cultural 

Cultural communities consist of old agricultural fields, 

plantations, woodlands, meadows, overgrown lawns and 

old pastures, the development of which is clearly 

dominated by human influence. No significant plant species 

were found in these habitats. 

Cultural Meadow 

Cultural meadow communities are areas of 

recently abandoned agricultural lands that have 

developed into old field/meadow associations. 

These vary from pasture grasses and agricultural 

weeds (generally non-native species) to 

aster/goldenrod communities.  Plants that are 

commonly found in these communities include 

Canada Goldenrod, Tall Goldenrod, Orchard 

Grass and Queen Anne’s Lace.   

Cultural Thicket 

The majority of these areas consist of non-native 

vegetation in the ground layer with shrubs in the 

overstorey.  The tree cover is less than 25% with 

the shrub cover greater than 25%. Common 

species for this community include Orchard Grass, 

Kentucky Blue Grass, Tall and Canada 

Goldenrod, Red Osier Dogwood, and Staghorn 

Sumac.  

Cultural Plantation 

Cultural plantations are present in several areas of 

the subwatershed, particularly on lands in the 

lower to mid reaches of the East and Middle 

Creeks.  Most are immature coniferous plantings 

that are in poor condition due to lack of 

management. Larger stands are gradually 

converting to mixed deciduous cover. One mature 

stand (pine-hemlock) was noted in the Middle 
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Creek subwatershed, north of Maple Grove Road. 

When associated with existing wetland cover and 

upland forest cover, these stands provide 

substantive benefits to overall natural functions. 

Conifer plantations have important benefits for 

wildlife in terms of winter shelter, and also attract 

bird species which are reliant on coniferous cover. 

Cultural Woodland 

Cultural woodlands were observed in only a few 

locations. They consist of areas with canopy 

coverage between 35-60%, comprised of native 

and non-native species. Composition typically 

includes species such as Manitoba Maple, 

Cottonwood, Norway Spruce, and Scots Pine. 

Forest 

Upland forest communities consist of immature to mature 

deciduous, mixed and coniferous forest. Individual 

vegetation units in this category are generally small, often 

forming fringe areas around, or pockets within the more 

extensive wetlands.  This shortage of upland cover reflects 

the intensity of past agricultural activity in the 

subwatersheds. Regionally and provincially significant plant 

species were identified in several of these communities.  

Representative forest types include Fresh-Moist Ash 

Lowland Deciduous Forest adjacent to some of the 

deciduous swamp units north of Maple Grove Road.  The 

canopy is dominated by Green Ash with Trembling Aspen 

and White Elm.  Plants in the groundcover layer include 

Jack in the Pulpit, Downy Yellow Violet, Spinulose 

Woodfern and Sedges. Other vegetation types documented 

included Dry-Fresh Sugar Maple Deciduous Forest, Fresh-

Moist Sugar Maple Deciduous Forest, and Fresh-Moist 

Hemlock Mixed Forest.  A single unit of this latter 

community type was observed in the Middle Creek 

Subwatershed, north of Maple Grove Road. The tree cover 

is mature, and there is an associated groundcover of 

Trilliums, Woodferns and Sedges. Fresh-Moist White Cedar 

Coniferous Forest is prevalent in lands along the Speed 

River, and is closely affiliated with wetland units. Typically 

the canopy is dominated by White Cedar, which tends to 

suppress the growth of groundcovers. 

Marsh 

These wetland community types consist of mineral and 

organic meadow marshes. Most of the marsh communities 

in the subwatershed are associated with the Speed River 

PSW and Maple Grove Wetland Complex. Significant 

species are present in several of these communities. 

Mineral Meadow Marsh 

Communities associated with this ecosite occur 

sporadically throughout the watersheds, 

associated with flat topography.  Some units are 

associated with abandoned agricultural fields that 

are not productive due to poor drainage.  Cover is 

generally dominated by Rushes, Sedges and 

Reed Canary Grass, as well as broad-leaved 

plants including Asters, Joe Pye Weed and 

Boneset.   

Organic Meadow Marsh  

Communities associated with this ecosite occur 

occasionally throughout the subwatersheds, 

forming extensive marsh in the flat topography of 

the upper watersheds, pockets in areas with 

confined surface hydrology, and open pockets in 

swamp-dominated floodplains along the creek 

channels. Dominant vegetation includes Common 

as well as Narrow-leaved Cattail, often with 

localized Willow, Red Osier Dogwood and Glossy 
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Buckthorn shrubs.  Other examples are dominated 

by narrow-leaved Sedges, with forbs such as 

Panicled Aster, Boneset and Joe Pye Weed. Rare 

species such as Sweet Flag occur in some units 

(see Photograph B12). 

Mineral Shallow Marsh 

Communities of this ecosite type are generally 

confined to margins of constructed ponds. 

Dominant vegetation includes Cattails and Tall 

Reed Grass.  

Swamp 

This wetland community consists of treed and thicket 

swamp community. This community class is the most 

prevalent in the subwatersheds, associated with both 

evaluated and unevaluated wetlands.   

Thicket Swamp 

Thicket Swamps may occur on organic or mineral 

soil with a canopy closure of trees less than 25% 

and hydrophytic shrubs greater than 25%. They 

are relatively uncommon in the study area. 

Coniferous Swamp 

This community is dominated by White Cedar to 

the exclusion of most other species.  Sedges and 

grasses are found in the understorey. This 

community is primarily associated with the Speed 

River PSW.   

Mixed Swamp 

This ecosite type occurs sporadically in the 

subwatersheds, sometimes affiliated with deeper 

(i.e., greater than 60 cm) deposits of organic soils. 

Substantive blocks of mixed swamp occur in close 

association with the East, Middle and West 

Creeks.  

Deciduous Swamp 

This is the most prevalent ecosite observed in the 

upper subwatersheds.  It may occur on organic or 

mineral soils. Maple Mineral Deciduous Swamp is 

very common throughout the subwatersheds, 

dominated by Soft Maple (Silver and Freeman 

Maple), with frequent to abundant Ash (Black and 

Green), Elm, Willows and Poplars. Most of the 

significant plant species were observed in areas of 

deciduous or mixed swamp cover. 

Open Water 

This aquatic community type consists primarily of relatively 

small dug ponds, several of which occur within the 

subwatersheds. The largest ponds are associated with the 

headwaters of Middle Creek, and adjacent to West Creek. 

No significant plant species were observed in these 

features.  A large pond in a former gravel pit, located along 

the West Creek, is the largest such feature (see 

Photograph B13).  

Agricultural Fields 

Agricultural communities include cultivated fields. Corn, 

oats, soybeans, sod and hay are the most dominant types 

of cover crops. No significant terrestrial resources are 

associated with this community type. 

Hedgerows 

Hedgerows or fencerows are narrow strips of vegetation 

that typically occur between cultivated or open fields. 
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Hedgerows can provide for important connections between 

the other communities within the subwatersheds and also 

to natural areas outside of the subwatersheds.  

Hedgerows within the subwatershed were ranked in three 

classes based on their size, composition and structure 

(Table B 8.3.2). Class 1 hedgerows are comprised of 

mature cover with relatively high continuity. 

Hedgerow Classes: 
1. Dominated by mature trees or continuous cover with 

minimal breaks  
2. Mature, with occasional breaks less than 50 metres wide 

or immature and continuous, with minimal breaks 
3. Composed of widely scattered trees or shrubs, breaks 

regularly more than 50 metres wide 
 

B 8.3.2.2  Wetland Re-evaluation 

The most significant natural features of the three 

subwatersheds are the wetlands, which are primarily 

associated with floodlands on the East, Middle and West 

Creeks, and the Speed River.  They are comprised of 

swamp, marsh and limited areas of open water.  These are 

divided into more specific wetland communities (see ELC 

categories above).  The Ontario Wetland Evaluation 

system recognizes five classes of wetlands: bog, fen, 

swamp, marsh, and open water (less than 2 metres deep).  

Only swamp, marsh and open water were observed in the 

subwatersheds.  

Marshes form in flat, seasonally flooded depressions, fed 

by surface runoff and groundwater discharge.  As storage 

and groundwater recharge areas they help to maintain the 

water balance in the subwatersheds. 

Swamps are wetlands dominated by woody vegetation. 

They are reliant on surface runoff and occasionally on 

groundwater discharge. Swamps are important in 

maintaining the water balance, in maintaining water quality 

and cool temperatures in watercourses, and in providing 

wildlife habitat. 

Evaluated wetlands that are determined to be Provincially 

Significant (PSW) based on scoring under the Ontario 

Wetland Evaluation System – Southern Manual (Ontario 

Ministry of Natural Resources, 1993), are subject to the 

Provincial Policy Statement as well as Official Plans, and 

require special consideration and designation as part of the 

subwatershed study.  Locally significant wetlands (LSW) 

are also recognized in the City Official Plan (Corporation of 

the City of Cambridge, 1999), as Locally Significant Natural 

Areas.  

As background to this study the existing MNR wetland 

mapping (1995) was consulted. This mapping shows that 

most of the previously known wetlands in the 

subwatersheds are included in the Provincially Significant 

Speed River Wetland Complex, and the locally significant 

Maple Grove Wetland Complex (see Figure A 2.2.3). 

As required in the Terms of Reference for the present 

study, the two existing wetland evaluations were reviewed 

and updated based on the information gleaned from field 

surveys conducted for this subwatershed study.  Staff of 

the Guelph Office of the Ministry of Natural Resources 

were consulted to determine their preferred approach for 

the re-evaluation. Based on the documentation of 

additional wetland units that fulfill the wetland complexing 

requirements, and the discovery of rare and significant 

 
Vegetation Unit (Polygon) Hedgerow 

Class 

 

1.05j, 2.02, 2.22, 2.28a, 2.28b, 3.05, 4.18, 
6.14a & 6.14b 
 

1 

 

0.01, 1.18, 2.06, 2.07, 2.08, 2.14, 2.16, 2.32, 
4.03, 4.05a, 4.10, 4.20, 5.04, 5.06, 5.07, 5.08, 
5.20b, 5.22c, 6.16a, 6.20a, 6.21, 6.25b, 6.26c, 
6.31c & 7.01 
 

2 

 
1.02, 2.19, 2.40, 3.03, 4.15, 5.10 & 6.28c 
 

3 

Table B 8.3.2  Hedgerow Linkage Analysis 
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plant and animal species in the wetlands, the evaluations 

have been updated and re-organized into three complexes, 

as follows: 

Speed River Wetland Complex (existing PSW) 

The boundaries of the Provincially Significant Speed River 

Wetland Complex are basically unchanged; however, new 

records for regionally rare plants and wildlife were added to 

the data record for this complex.  These records will be 

provided to MNR upon completion of the Subwatershed 

Study. 

Maple Grove Road Wetland Complex (new PSW) 

This complex, formerly locally significant, encompasses 

wetland habitats in the East and Middle Creek 

Subwatersheds. Updated scoring based on the inclusion of 

several additional wetland units, and several new records 

for regionally significant plants and wildlife, indicates that 

this complex should be recognized as Provincially 

Significant. A finalized data record will be provided to the 

Ministry of Natural Resources upon completion of the 

Subwatershed Study. 

West Creek Wetland Complex (new LSW)  

MNR staff recommended that the wetland habitats located 

within the West Creek Subwatershed be placed in a 

separate complex. Preliminary scoring indicates that this is 

a Locally Significant complex.  This will be confirmed when 

the finalized data record is provided to MNR upon 

completion of the Subwatershed Study.  

Figure B 8.3.2 summarizes the boundaries of the three 

complexes as determined by the present study.  Wetland 

boundaries are based on polygon units recognized as 

‘wetlands’ under the Ecological Land Classification system 

(Lee et al., 1998). 

B 8.3.2.3  Subwatershed Flora 

A total of 437 species of vascular plants were observed in 

the Hespeler West subwatersheds in 2001-2002.  The list 

of observed species can be found in Appendix J4a and 

includes associated status information (i.e., native or 

introduced, conservation status in Waterloo Region, in the 

Province, and in Canada). Appendix J4b describes the 

status codes used in Appendix J4a.  Of the species 

observed, 78% are considered native to Ontario, 24 

species are considered Regionally Significant for Waterloo 

(Regional Municipality of Waterloo, 1999); based on final 

identification confirmations, one species is currently 

considered Provincially Rare (Oldham, 1999; ONHIC, 

2002a). Significant plant species observed in the 

subwatersheds in 2002 fieldwork and the habitat attributes 

where they were located in the subwatersheds are 

summarized in Table B 8.3.3 below (see also Photograph 

B14).   
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Table B 8.3.3  Significant Vascular Plants Documented in the Hespeler West Subwatersheds in 2002. 

 Scientific Name Common Names Provincial 
Status* 

Regional Status** Habitat (this study) 

1 Acorus americanus Sweetflag S4 S Lowland 

2 Carex atherodes Awned Sedge S4S5 S Lowland 

3 Carex brunnescens Brownish Sedge S5 T Lowland 

4 Carex formosa Handsome Sedge S3S4 S Lowland 

5 Carex laevivaginata Smooth-sheath Sedge S4 S Lowland 

6 Carex laxiculmis Spreading Sedge S4 S Upland 

7 Carex normalis Larger Straw Sedge S4 T Lowland 

8 Carex scabrata Rough Sedge S5 S Lowland 

9 Carex tuckermanii Tuckerman’s Sedge S4 S Lowland 

10 Carex woodii Pretty Sedge S4 T Upland 

11 Celtis occidentalis Common Hackberry S4 T Upland & Lowland 

12 Cypripedium calceolus Small Yellow Lady’s Slipper S5 S Lowland 

13 Eleocharis pauciflora Fewflower Spikerush S5 S Lowland 

14 Galium obtusum Wild Madder S4S5 T Lowland 

15 Glyceria canadensis Canada Manna Grass S4S5 T Lowland 

16 Juncus canadensis Canada Rush S5 S Lowland 

17 Menispermum canadense Canada Moonseed S4 S Upland 

18 Platanthera psycodes Small Purple-fringe Orchid S5 S Lowland 

19 Rubus odoratus Purple-flowering Raspberry S5 S Lowland 

20 Stellaria longifolia Longleaf Stitchwort S5 S Lowland 

21 Vaccinium angustifolium Late Lowbush Blueberry S5 T Lowland  
(acidic) 

22 Wolffia columbiana Columbia Watermeal S4S5 S Lowland 

23 Zannichellia palustris Horned Pondweed S4 Not previously reported Lowland 

24 Zanthoxylum americanum Northern Prickly Ash S5 T Lowland  
(near bedrock) 

Legend 
† Provincially Rare (Oldham, 1999). 
* Provincial designations based on Newmaster et. al. (1998). 
**  Regional Status based on Regional Municipality of Waterloo (1999). 
S3 Rare to uncommon in Ontario; usually between 20 and 100 occurrences in the province; may have fewer occurrences, but with a large 

number of individuals in some populations; may be susceptible to large-scale disturbances. 
S4 Common and apparently secure in Ontario; usually with more than 100 occurrences in the province. 
S5 Very common and demonstrably secure in Ontario. 
S Is regionally significant. 
T Is regionally significant but is expected to be delisted. 
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B 8.3.2.4  Existing Impacts to Natural Heritage System 

Past and existing land uses have had substantial impacts 

on the natural heritage system in the three subwatersheds. 

These include: 

Roads and traffic – The study area is located between 

busy metropolitan areas, and the road infrastructure has 

been upgraded over the past 1-2 decades. Traffic levels 

along Maple Grove Road, Fountain Street, Speedsville 

Road, and Beaverdale Road are likely having a variety of 

effects on wildlife as documented in other jurisdictions, 

including road kills, impacts from road noise, changes to 

wildlife behaviours, and impacts of road salt usage on 

habitat composition and quality.  Highway 401 severs the 

connection between Middle Creek and its outlet on the 

Speed River.  However there is a substantial forested 

corridor along the north side of the Speed River, extending 

eastward into less urbanized areas where deer yards and 

major staging of waterfowl are known to occur.  The 

Regional Road #24 bridge is adequate to permit active 

wildlife migration between the lower study area and 

adjoining Speed River corridor.  

Changes to Drainage Regimes – There is widespread 

evidence throughout the watersheds that the existing 

drainage network, which includes the main creek channels 

as well as man-made ditches, has been substantially 

modified over many decades.  Based on conditions 

observed in the late spring and summer of 2002, the basic 

functionality of remaining wetlands is relatively intact 

despite these changes, as evidenced by prevalent stable 

canopy cover. This is due in part to the flat topography of 

the upper subwatershed areas, and to the contribution of 

groundwater to streams and wetlands downstream of 

Maple Grove Road.   

Existing industrial and residential developments – 

There are long-standing residential and agricultural uses in 

the study area.  In the past two decades, estate residential 

and industrial uses have intensified, displacing agricultural 

uses.  However, the existing landscape matrix is still largely 

agricultural, which provides a ‘low resistance’ landscape 

facilitating the movement of wildlife, and to some extent, 

plant communities.  

Removal and fragmentation of upland and wetland 
cover – Agricultural uses, aggregate extraction, and more 

recent residential and industrial developments, have 

eliminated most upland features, and have also 

encroached significantly into former wetland areas. Despite 

this loss of habitat, the drainage characteristics of the 

upper watershed have generally promoted the retention of 

fairly substantial blocks of forested wetlands. The good 

canopy health of these wetland units indicates that their 

hydrology is relatively stable. 

Logging – Although all of the subwatershed areas have 

been intensively logged since settlement, the most 

extensive evidence of relatively recent logging was 

observed in the East Creek subwatershed forest complex 

between Maple Grove Road and Mohawk Road.  Here 

logging was relatively intensive in the upland areas 10-20 

years ago. Now these areas are dominated by dense 

sapling growth. Elsewhere in the study area, periodic 

firewood cutting appears to be the most common practice, 

in uplands and swamps. 

Filling of wetlands – There has been past filling of 

wetlands, and some filling operations were observed in the 

upper subwatershed of Middle Creek during field studies in 

2002. These activities gradually reduce the extensive water 

storage capacity of the landscape, and contribute to 

downstream flooding due to increased runoff.  The changes 

also reduce the species diversity and structure in remaining 

habitats.  
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Aggregate extraction activities – The major aggregate 

extraction operation in the lower end of the subwatersheds 

has eliminated significant areas of forest and wetland 

habitat associated with a major groundwater discharge 

zone.  Several remnant habitats were examined that exhibit 

a high degree of species richness and habitat resiliency 

due to their groundwater-sustained hydrology.  The 

restoration of habitats in this groundwater-rich area could 

have profound benefits to the Speed River as well as 

natural heritage features associated with the lower reaches 

of all three creeks. 

Existing Industrial Developments – The development of 

industrial and warehousing facilities north of Maple Grove 

Road is currently underway, and will likely be expanded 

once planning studies are completed.  These facilities 

present constraints as well as potential opportunities. Noise 

and traffic associated with trucking will have a variety of 

impacts on wildlife species utilization in the vicinity.  Large 

stormwater management facilities servicing these sites may 

present opportunities to buffer and enhance connectivity. 

Exotic Species – The most extensively encountered 

invasive introduced or exotic plant species observed was 

glossy buckthorn (Rhamnus frangula). This species 

invades lowlands and wetlands, and formed the dominant 

understorey or canopy in certain units. It has displaced a 

diverse group of native shrubs. Common buckthorn 

(Rhamnus catharticus) was also prevalent in lowland and 

upland units. It has been identified as a co-factor in the 

decline of breeding success of some forest breeding 

songbirds, likely due to its effect on canopy structure.  

The long-term control of these and other exotic species 

poses a significant problem in the future management of 

natural areas. Strategies to manage these species today 

tend to require very intensive actions using herbicides and 

manual removal. Hopefully other measures such as 

biological control will be developed to facilitate their broad-

scale management.  

B 8.3.2.5 Vegetation Constraint Ratings 

Each vegetation community was assigned a vegetation 

constraint rating based on average canopy tree diameter, 

canopy structure and closure, drainage, slopes and 

topography, and botanical quality. The vegetation 

constraint identification methodology is described in 

Appendix J5.  Appendix J6 summarizes vegetation 

community data, including constraint ratings, for all 

community polygons. As discussed below in Section B 

8.4.4, a wildlife constraint rating was also applied to each 

unit.  The highest constraint score for each natural 

vegetation polygon is the priority constraint rating.  Figure B 

8.3.3 summarizes overall natural heritage constraints 

identified in the study area.  

The majority of the identified high to medium constraint 

features related to vegetation are associated with wetlands 

and closed-canopy forest features, and/or containing rare 

or significant species.  Low constraint areas are those that 

have normal planning controls (Planning Act approvals, 

permits, Agency approvals, etc), however, there are 

minimal terrestrial environmental constraints associated 

with those lands. 

B 8.4 Wildlife Resources 

B 8.4.1 Field Methodology 

Field investigations of wildlife were carried out between 

March 2002 and July 2002 so that critical seasonal 

information such as late winter mammal use, the 

occurrence of breeding amphibians, and habitat use by 

breeding birds could be established (Table B 8.4.1). 

Personnel documenting vegetation resources also 
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recorded incidental wildlife sightings. In total 12 visits 

(representing 29 hours) were made to document wildlife. 

Constraints related to wildlife were identified according to 

the methodology described in Appendix J7. This system 

assigns wildlife constraint ratings of low, medium or high to 

individual polygons based on a set of habitat and species 

attributes. These include: the presence of significant 

species, diversity of amphibians and reptiles, forest interior 

and grassland habitats. The actual scores that each 

vegetation community received based on these attributes is 

presented in Appendix J6. Final constraint ratings 

appearing on Figure B 8.3.3 will apply the higher of the two 

ranking systems scores (vegetation based vs. wildlife 

based). 

Insects  (Damselflies, Dragonflies & Butterflies) 

Although terrestrial invertebrates were not comprehensively 

sampled as part of this study, observations of damselflies, 

dragonflies and butterflies were recorded as general 

indicators of overall biological diversity and habitat quality. 

Herpetofauna (Amphibians & Reptiles) 

Areas of suitable habitat, such as wetlands, dug ponds, 

reservoirs and creek valleys were identified from 1:8000 

scale spring 2000, black-and-white aerial photography. 

These areas were subjected to night surveys in April 2002, 

coinciding with the greatest number of frogs that call in 

early spring. Daytime observations of frogs and toads were 

duly noted in subsequent wildlife and vegetation studies. 

Surveys for calling frogs and toads utilized the ‘Call Level 

Codes’ and ‘Abundance Count’ terminology used in the 

Marsh Monitoring Program ‘Amphibian Surveys’ (LPBO, 

1997). 

Pond-breeding salamanders were searched for at night in 

April 2002 while documenting calling frogs and toads. 

Suitable logs, stumps and rocks were also be turned during 

daytime breeding bird surveys. All incidental snake and 

turtle observations were also documented. 

Birds 

Breeding birds were surveyed by walking transects, 

primarily through suitable wooded and semi-wooded 

environments. All field observations were described 

according to the new (2001) Ontario Breeding Bird Atlas 

protocols (Ontario Breeding Bird Atlas, 2001).  

Special attention was paid to any wooded areas that may 

support ‘forest interior species’. Forest interior species 

represent migratory songbirds that are reliant on relatively 

large forest tracts that contain sufficient ‘interior’ to buffer 

them from predatory and parasitic birds and mammals that 

inhabit the forest ‘edge’. Many of these songbird species 

are undergoing long term declines in population in eastern 

North America due to forest fragmentation and habitat loss. 

Although forest ‘edge’ has been determined to range from 

50 metres to more than 300 metres in various studies, most 

authors recognize forest interior as the area at least 100 

metres inside of the forest edge (Freemark and Merriam, 

1986). 

Surveys during the winter were initiated to help provide an 

overall sense of the landscape as well as to document 

important wintering areas if any. 

Mammals 

No specific surveys or live trapping of mammals were 

conducted. This includes the detection of nocturnal species 

such as bats. All observations were incidental with other 

survey work. Records were based on evidence such as 

visual observations, calls, scats, bones, smells, tracks, 

browsing evidence, road kills etc., after Dobbyn (1994). 



 

                   
Page B - 99 

September 2004 

Mammal observations were also noted during night surveys 

for calling frogs and toads. 

Table B 8.4.1  Summary of Wildlife Surveys Conducted in the Hespeler West Subwatersheds 

 Date Observer Time in field Total Hours Purpose 

1 21-Mar-02 Karl Konze 09:30 - 11:45 2.25 Late-winter survey to detect mammals and birds  

2 28-Mar-02 Karl Konze 10:00 - 12:30 2.50 Late-winter survey to detect mammals and birds 

3 7-Apr-02 Karl Konze 20:00 - 20:30 0.50 Salamander and spring frog survey 

4 9-Apr-02 Karl Konze 20:00 - 21:30 1.50 Salamander and spring frog survey 

5 24-Apr-02 Karl Konze 20:45 - 23:00 2.25 Salamander and spring frog survey 

6 4-Jun-02 Karl Konze 07:15 - 09:15 2.00 Breeding Bird Survey 

7 6-Jun-02 Karl Konze 06:40 - 09:30 2.83 Breeding Bird Survey 

8 8-Jun-02 Karl Konze 06:40 - 09:55 3.25 Breeding Bird Survey 

9 9-Jun-02 Karl Konze 06:45 - 09:00 2.25 Breeding Bird Survey 

10 10-Jun-02 Karl Konze 06:10 - 10:40 4.50 Breeding Bird Survey 

11 20-Jun-02 Karl Konze 09:15 - 10:55 1.67 Breeding Bird Survey 

12 17-Jul-02 Karl Konze 06:30 - 10:00 3.50 Breeding Bird Survey 

   TOTAL HOURS 29.00  

B 8.4.2 Summary of Findings 

As of 17 July 2002, 144 species of wildlife have been 

documented from the Hespeler West subwatersheds, 133 

of which were observed during field surveys conducted in 

2002 by Dougan & Associates. Communications with the 

Kitchener-Waterloo Field Naturalists, local residents, and a 

review of available literature yielded 11 additional species. 

The complete list of species observed by Dougan & 

Associates in 2002 can be found in Appendix J8. A 

breakdown according to wildlife group is provided below in 

Table B 8.4.2. 

Of the 144 wildlife species known to occur within the 

subwatersheds, 35 are considered to be significant in the 

Regional Municipality of Waterloo (R. M. of W., 1985a; R. 

M. of W., 1985b; R. M. of W., 1996).  All 35 species are 

summarized below in Table B 8.4.3.  All observations in 

the table refer to 2002 sightings unless described 

otherwise. 

 

Table B 8.4.2  Number and Type of Wildlife 
Groups Known to Have Occurred in the 

Hespeler West Subwatersheds Study Area 

Number Wildlife Group 
11 Damselflies and Dragonflies 

12 Butterflies 

13 Amphibians and Reptiles 

91 Birds 

17 Mammals 

144 TOTAL 
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Table B 8.4.3  ‘Regionally Significant’ Wildlife Species Recorded from the Hespeler West Subwatersheds 2002 

 Common Name Scientific Name Comments 

1 Bullfrog Rana catesbeiana Apparently recorded during the Cambridge Natural Areas Inventory (N.A.I.) in 1995 but no 
details provided. Not detected in 2002 but habitat remains suitable. May still be present. 

2 Northern Water Snake Nerodia sipedon Recorded from along the Speed River in 1987. Likely still a resident. Habitat conditions 
have not changed much in the meantime.  Not observed in 2002. 

3 Great Blue Heron Ardea herodias Observed several times foraging in suitable habitat in 2002 but no heronry discovered. It 
is possible individual nests may be present.  Also recorded during the Cambridge N.A.I. 

4 Green Heron Butorides virescens Recorded foraging and from suitable breeding habitat. Also noted flying over Middle Creek 
’corridor’ north of Maple Grove Road on two occasions. 

5 Turkey Vulture  Cathartes aura Nest with two young found in large, open-sided stump. See Photograph B16. 
6 Cooper's Hawk Accipiter cooperii Observed in April 2002. May be a local resident or migrant. Not detected again. 
7 Sora Porzana carolina A single bird called several times from suitable habitat on June 20, 2002. 
8 Yellow-billed Cuckoo Coccyzus americanus Single individual heard calling. 

9 Ruby-throated Hummingbird Archilochus colubris Recorded from 2 separate vegetation units in 2002. Possible breeder. Also recorded in 
1995 during the Cambridge N.A.I. 

10 Belted Kingfisher Ceryle alcyon Pair observed entering nest hole. Also observed foraging along the nearby Speed River. 

11 Red-bellied Woodpecker Melanerpes carolinus One male observed calling in suitable breeding habitat. 

12 Hairy Woodpecker Picoides villosus Observed from 4 separate vegetation units in 2002. Breeding confirmed from one.  Also 
recorded in 1995 during the Cambridge N.A.I. 

13 Pileated Woodpecker Dryocopus pileatus No birds observed, yet both old and fresh feeding holes detected. 
14 Alder Flycatcher Empidonax alnorum Recorded from two wetland locations. 
15 Willow Flycatcher Empidonax traillii Recorded from three locations. 
16 Least Flycatcher Empidonax minimus Recorded from three locations. This ‘edge’ species appeared to associate with Poplar. 
17 Warbling Vireo Vireo gilvus Recorded from six different locations. Breeding confirmed with discovery of nest. 
18 Red-breasted Nuthatch Sitta canadensis Heard calling from one location. 

19 Brown Creeper Certhia americana Reported from seven different locations with the study area. Found mostly in mature 
deciduous swamps, but also near hemlocks. 

20 Golden-crowned Kinglet Regulus satrapa Two separate observations; one of fledged young. This ‘forest interior’ species associated 
with spruces and cedars. 

21 Eastern Bluebird Sialia sialis At least 2 pairs observed along NE edge of subwatershed by local resident in 2001, 2002.
22 Veery Catharus fuscescens One record; singing from suitable habitat during breeding season. 
23 Black-throated Green Warbler Dendroica virens Single bird heard singing from suitable habitat in June 10, 2002. 

24 Pine Warbler Dendroica pinus Two different birds heard singing in suitable breeding habitat. Closely associated with 
pines in both cases. 

25 American Redstart Setophaga ruticilla Recorded five times from within study area; probable breeder. 
26 Ovenbird Seiurus aurocapillus Single birds heard singing at two locations. 
27 Mourning Warbler Oporornis philadelphia Single birds heard singing at two locations. 
28 Clay-colored Sparrow Spizella pallida Bird observed on territory through most of June at rural residence. 

29 Vesper Sparrow Pooecetes gramineus Only reported from one location; single bird heard singing from along hedgerow between 
agricultural fields. 

30 Grasshopper Sparrow Ammodramus 
savannarum 

Unusual song thought to belong to this species discovered at one location. Identity not 
confirmed. 

31 Swamp Sparrow Melospiza georgiana Reported from a half dozen separate locations. Territory established at least one location.
32 Virginia Opossum Didelphis virginiana Roadkill observed in April 2002 along Maple Grove Road. 
33 Beaver Castor canadensis Cut trees and shrubs observed adjacent to pond in April 2002. 
34 Porcupine Erethizon dorsatum Characteristic ‘debarking’ observed in April 2002. See Photograph B17 
35 Coyote Canis latrans Possible den observed in April 2002. Scat & tracks detected elsewhere. 
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B 8.4.2.1  Insects (Damselflies, Dragonflies & 

Butterflies) 

Twenty-three species of damselfly, dragonfly and butterfly 

were recorded from within the study area in 2002 

(Appendix J8).  Some of the species could not be 

identified to species in the field. All sightings were based on 

incidental observations; i.e., no special surveys were made 

to specifically identify these groups. It is likely the list may 

represent less than a third of all of the species actually 

present. In addition, it should also be noted that 2002 is 

acknowledged to be a poor year for butterflies. The cold 

and wet spring, followed by a hot and dry summer may 

explain why butterfly numbers were down across the 

province. 

All but two of the species documented are considered ‘very 

common’ in Ontario (ONHIC, 2002b; ONHIC, 2002c). The 

Delta-spotted Spiketail (Cordulegaster diastatops), a 

dragonfly, is recognized to be ‘common’ in Ontario (ONHIC, 

2002b), but prior to this sighting, had not been recorded 

from the Regional Municipality of Waterloo (Catling and 

Brownell, 2000).  It is possible the species may have been 

overlooked in the Region since it is known to occur in the 

Regional Municipalities of Peel, to the east, as well as 

Haldimand-Norkolk, to the south. It was found sunning itself 

on June 9, 2002, adjacent to vegetation unit 6.30 which 

contains small woodland streams and springs, its preferred 

habitat. 

The second noteworthy invertebrate species discovered 

was the Baltimore Checkerspot (Euphydryas phaeton), a 

butterfly (see Photograph B15).  Even though it is 

considered common from a provincial perspective, its 

distribution is very localized, corresponding closely with the 

presence of its preferred foodplant, turtlehead (Chelone 

glabra), a wet meadow species (Powers, 2001). It was 

observed at two different thicket swamps, not far from the 

Speed River on July 9, 2002. 

B 8.4.2.2 Herpetofauna (Amphibians & Reptiles) 

Eight species of amphibians and reptiles were discovered 

during the 2002 field surveys (Appendix J8).  Egg shells 

from an unidentified turtle species representing a ninth 

species were also noted.  None of the species are 

considered to be ‘vulnerable’, ‘threatened’ or ‘endangered’ 

provincially or federally (ONHIC 2002d; ONHIC 2002e). As 

well, none are considered to be significant in the Regional 

Municipality of Waterloo (R.M. of W., 1985a).  Five of the 

13 species known to have occurred in the study area were 

not recorded during the 2002 inventories. They were 

Bullfrog (Rana catesbeiana), Western Chorus Frog 

(Pseudacris triseriata), Snapping Turtle (Chelydra 

serpentina), Midland Painted Turtle (Chrysemys picta 

marginata), and Northern Water Snake (Nerodia sipedon 

sipedon). With the exception of Western Chorus Frog, it is 

quite possible that all of these species may have been 

overlooked. Suitable habitat appears to exist for all four. 

And, as mentioned above, the unidentified remains of a 

turtle nest were discovered, but were not identified to 

species. With regard to the Western Chorus Frog, early 

spring nocturnal calling frog surveys did not reveal any 

evidence of this species, and both locations where this 

species was reported in April 1980 were surveyed. It is not 

clear if any disturbance has taken place at these locations 

since the original reports. 

Most of the 2002 observations corresponded closely with 

existing deciduous and mixed swamp features. Others 

were associated with a variety of permanent or temporary 

dug ponds or depressions. Nevertheless, they too were 

typically located close to other natural heritage features, 

including woodlands. 
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B 8.4.2.3 Birds 

Eighty-four species of birds were observed in the Hespeler 

West study area by Dougan and Associates staff in 2002 

(Appendix J8).  One other species was observed by a 

local resident. Eighty-one of the 85 species were recorded 

during the breeding season; four were considered migrants 

or winter residents.  Of the 81 species observed during the 

summer, 76 showed some evidence of breeding. 

Seventeen of the 76 species were confirmed to be 

breeding within the study area (e.g., young were seen 

being fed etc.), 28 species were considered probable 

breeders (i.e., pairs or birds on territory were observed), 

and 31 showed possible breeding evidence (i.e., birds were 

detected in suitable habitat during the breeding season). 

The remaining five species observed during the breeding 

season were either flying through the area or only using the 

available habitats to feed or rest.   

None of the bird species detected during the 2002 surveys 

are recognized to be ‘vulnerable’, ‘threatened’ or 

‘endangered’, in Ontario or Canada (ONHIC, 2002f). 

However, 28 of the 76 breeding species (37%) are 

considered ‘significant’ in the Regional Municipality of 

Waterloo (R.M. of W., 1996) (Table B 8.4.4 and 
Photograph B16). One other regionally significant species, 

the Pileated Woodpecker (Dryocopus pileatus) used the 

study area to forage (i.e., fresh feeding holes were 

discovered) but no direct evidence of breeding could be 

established. 

.

 

Table B 8.4.4  Breeding Birds* Present in the Hespeler West Subwatersheds (2002) that are Recognized to be Significant 
in the Regional Municipality of Waterloo or Considered to be ‘Conservation Priorities’. 

Conservation Status Habitat Association  
Common Name Scientific Name 

Highest 
Breeding 

Status Significant 
in Waterloo 

‘Conservation 
 Priority’ 

Forest/ 
Swamp Marsh Open 

Country
1 Great Blue Heron Ardea herodias Possible X   X  
2 Green Heron Butorides virescens Possible X X  X  
3 Turkey Vulture Cathartes aura Confirmed X X X   
4 Wood Duck  Aix sponsa Probable  X X   
5 Cooper's Hawk Accipiter cooperii Possible X X X   
6 Ruffed Grouse Bonasa umbellus Confirmed  X X   
7 Sora Porzana carolina Possible X X  X  
8 Spotted Sandpiper Actitis macularia Possible  X   X 
9 American Woodcock Scolopax minor Possible  X X   
10 Yellow-billed Cuckoo Coccyzus americanus Possible X X X   
11 Ruby-throated Hummingbird Archilochus colubris Possible X X X   
12 Belted Kingfisher Ceryle alcyon Confirmed X   X  
13 Red-bellied Woodpecker Melanerpes carolinus Possible X X X   
14 Hairy Woodpecker Picoides villosus Confirmed X  X   
15 Alder Flycatcher Empidonax alnorum Possible X X X   
16 Willow Flycatcher Empidonax traillii Probable X    X 
17 Least Flycatcher  Empidonax minimus Possible X X X   
18 Eastern Phoebe Sayornis phoebe Probable  X X   
19 Eastern Kingbird Tyrannus tyrannus Probable  X   X 
20 Warbling Vireo Vireo gilvus Confirmed X  X   
21 Horned Lark Eremophila alpestris Possible  X   X 
22 Bank Swallow Riparia riparia Confirmed  X   X 
23 Black-capped Chickadee Poecile atricapillus Probable  X X   
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Table B 8.4.4  Breeding Birds* Present in the Hespeler West Subwatersheds (2002) that are Recognized to be Significant 
in the Regional Municipality of Waterloo or Considered to be ‘Conservation Priorities’. 

Conservation Status Habitat Association  
Common Name Scientific Name 

Highest 
Breeding 

Status Significant 
in Waterloo 

‘Conservation 
 Priority’ 

Forest/ 
Swamp Marsh Open 

Country
24 Red-breasted Nuthatch Sitta canadensis Possible X X X   
25 Brown Creeper Certhia americana Probable X X X   
26 Golden-crowned Kinglet Regulus satrapa Confirmed X X X   
27 Eastern Bluebird Sialia sialis Probable X X   X 
28 Veery Cathartes fuscescens Possible X X X   
29 Wood Thrush Hylocichla mustelina Possible  X X   
30 Gray Catbird Dumetella carolinensis Possible  X X   
31 Black-throated Green Warbler Dendroica virens Possible X X X   
32 Pine Warbler Dendroica pinus Possible X X X   
33 American Redstart Setophaga ruticilla Probable X X X   
34 Ovenbird Seiurus aurocapillus Possible X X X   
35 Mourning Warbler Oporornis philadelphia Possible X X X   
36 Clay-colored Sparrow Spizella pallida Probable X X   X 
37 Field Sparrow Spizella pusilla Probable  X   X 
38 Vesper Sparrow Pooecetes gramineus Possible X X   X 
39 Savannah Sparrow Passerculus sandwichensis Probable  X   X 
40 Grasshopper Sparrow Ammodramus savannarum Possible X X   X 
41 Swamp Sparrow Melospiza georgiana Probable X X X   
42 American Goldfinch Carduelis tristis Probable  X   X 
 *Breeding evidence for Pileated Woodpecker, a Regionally Significant and Conservation Priority species, could not be obtained 

In addition to the significant bird species recognized by the 

Regional Municipality of Waterloo, the Ontario Ministry of 

Natural Resources, Bird Studies Canada, and Environment 

Canada collaborated to produce a document entitled 

Conservation Priorities for the Birds of Southern Ontario 

(Couturier, 1999). The document lists “conservation priority” 

species for all southern Ontario municipalities, including the 

Regional Municipality of Waterloo. Conservation priorities 

were assigned to individual species based on attributes 

such as Jurisdictional Responsibility (i.e., how much of a 

species’ range occurs within a given jurisdiction), 

Preservation Responsibility (e.g., abundance, breadth of 

breeding range, reproductive output, population trends) and 

Area Sensitivity (i.e., a species’ tolerance to human 

disturbance and habitat fragmentation). The Region of 

Waterloo does not currently recognize the species listed as 

being regionally significant (V. Martin, pers. comm.). 

According to Couturier (1999), 38 of the 76 (50.0%) 

breeding bird species documented are considered to be of 

‘conservation priority’ in the Regional Municipality of 

Waterloo (Table B 8.4.4).  However, one species, the 

Pileated Woodpecker (Dryocopus pileatus) did not show 

any breeding evidence and was excluded from the list.  In 

addition to the 38 species mentioned above, 3 other bird 

species observed are also regarded as conservation 

priorities for the Regional Municipality of Waterloo, but 

were simply passing through or foraging within the subject 

lands and did not show breeding evidence.  These species 

were the American Kestrel (Falco sparverius), Pileated 

Woodpecker (Dryocopus pileatus), and Bobolink 

(Dolichonyx oryzivorus). 

Twelve ‘forest interior’ species were documented in the 

breeding bird surveys, suggesting the study area contains 

forested blocks adequate to support these species. Forest 

interior species are generally considered to be those that 

nest only within the forest interior and rarely occur near the 

edge. Most authors recognize the forest interior as the area 

greater than 100 metres away from the forest edge. This 
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group of species has received special concern over the 

past decade, since it has been shown that many are 

undergoing significant population declines due to 

deforestation, forest fragmentation, and nest 

predation/parasitism. The 12 forest interior species are 

listed in Table B 8.4.5. 

Table B 8.4.5  ‘Forest Interior’ and ‘Area Sensitive’ Bird 
Species Found in the Hespeler West Subwatershed 

(2002) 

 Common 
Name Scientific Name 

Forest 
interior 

species* 
Area sensitive 

species** 

1 Cooper’s 
Hawk Accipiter cooperii X X 

2 Hairy 
Woodpecker Picoides villosus X X 

3 Pileated 
Woodpecker 

Dryocopus 
pileatus X X 

4 
Red-
breasted 
Nuthatch 

Sitta canadensis X X 

5 
White-
breasted 
Nuthatch 

Sitta carolinensis X X 

6 Brown 
Creeper Certhia americana X X 

7 
Golden-
crowned 
Kinglet 

Regulus satrapa X  

8 Veery Catharus 
fuscescens X X 

9 

Black-
throated 
Green 
Warbler 

Dendroica virens X X 

10 Pine Warbler Dendroica pinus X X 

11 American 
Redstart Setophaga ruticilla X X 

12 Ovenbird Seiurus 
aurocapillus X X 

13 Savannah 
Sparrow 

Passerculus 
sandwichensis  X 

14 Grasshopper 
Sparrow 

Ammodramus 
savannarum  X 

Legend 
* Designations based on Freemark and Merriam (1986); and 

Hounsell (1989). 
** Designations based on Ontario Ministry of Natural Resources 

(2000). 

Nine habitat blocks present in the Hespeler West 

subwatersheds study area contain forest interior habitat as 

defined by the 100 metre threshold (Table B 8.4.6). With 

the exception of two observations, all of the forest interior 

bird species noted during the surveys were found in these 

habitat blocks.  The two observations of forest interior 

species not found within forest interior blocks were from 

vegetation communities in the Speed River corridor lying 

adjacent to the forest interior units. 

The significance of these 'forest interior’ species needs to 

be viewed with some caution since there is not scientific 

agreement as to what species should be so recognized. 

Greater attention is now being placed on 'area sensitivity', 

essentially an evaluation of a species’ tolerance to 

disturbance and habitat fragmentation.  Table B 8.4.5 lists 

all of the area sensitive bird species found in the study area 

in 2002. In this case, most of the recognized area sensitive 

species correspond closely with the forest interior species. 

However, in addition to the area sensitive forest interior 

species, two area sensitive grassland species also made 

the list. They were Savannah Sparrow (Passerculus 

sandwichensis), and Grasshopper Sparrow (Ammodramus 

savannarum). Both species were associated with 

agricultural habitats.  

It should also be noted that while none of the identified 

habitat blocks support large amounts of forest interior 

habitat, the fact that almost a dozen such blocks exist in 

Table B 8.4.6  Habitat Blocks that Support  
‘Forest Interior’ Bird Habitat 

 Habitat Block Component Vegetation Units 
1 A 1.05a,c,d,e,f,h 

2 B 2.00 and 2.01 
3 C 2.17a 
4 D 2.29a,b,c, and 2.31 

5 E 3.06; 3.07; 3.08; and 3.09 

6 F 4.01a,b,c,e; and 4.16a,b,c 

7 G 5.02 and 5.03 

8 H 6.17a and 6.18a,b 

9 I 6.30a,b,c,d,e and 6.54 
*See Map 2 for location of units. 
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relatively close proximity to one another may help explain 

the relatively high diversity of forest interior species 

present. It is generally accepted that small wooded habitats 

found near other wooded habitats tend to support a higher 

number and diversity of bird species, compared with other 

identical wooded habitats located in more isolated or open 

landscapes, such as those dominated by agriculture. 

B 8.4.2.4 Mammals 

Evidence of 14 of the 17 species previously reported in the 

study area were observed in 2002 (Appendix J8). All are 

considered ‘very common’ in Ontario (ONHIC, 2002g). 

However, four are recognized to be significant in the 

Regional Municipality of Waterloo (R.M. of W., 1985b). 

They are: Virginia Opossum (Didelphis virginiana), Beaver 

(Castor canadensis), Porcupine (Erethizon dorsatum), and 

Coyote (Canis latrans). A 15th species observed was an 

unidentified small rodent. 

The single observation of the Virginia Opossum was an 

individual found dead along Maple Grove Road, just east of 

Briardean Road. Although this species’ numbers are known 

to fluctuate regularly in response to the severity of winters, 

it is likely common in the Cambridge area. Its nocturnal 

habits make it more difficult to get a sense of abundance.  

Beaver was detected in one location in the study area, at 

the south end, but away from the Speed River corridor. No 

individuals were actually observed but their tell-tale signs 

were evident along the shores of a local pond. Both felled 

trees and damming activity were noted. 

Porcupine was discovered near the northern boundary of 

the study area. It too was not actually observed, but its 

characteristic ‘debarking’ was obvious (see Photograph 
B17).  Porcupines feed on the living, inner bark (cambium) 

in winter, which contains the most food value.  

Evidence of the presence of Coyotes was supported by 

observing tracks and scat, as well as from comments by 

residents. A possible den first observed in April 2002 was 

checked in June 2002 but it appeared to be inactive. It 

should be noted that the Region’s designations for 

mammals has not been reviewed since 1985 and some 

rankings may no longer represent actual status. The 

Coyote may represent one such species. 

White-tailed Deer are very common in the study area. 

Along with numerous observations of tracks, scat and beds 

throughout natural features in all the subwatersheds, 

several sightings (including fawns) were documented. 

B 8.4.3  Master List of Wildlife Observations 

A master digital file containing all wildlife observations 

made during the course of the study will be provided to the 

City of Cambridge and Ministry of Natural Resources 

(MNR) upon completion of this study. Given the sensitive 

and site-specific information with respect to certain wildlife 

records, it is recommended that formal requests for this 

information be directed to the MNR (Guelph Office). 

B 8.4.4  Wildlife Constraint Ratings 

Each vegetation community was assigned a wildlife 

constraint rating based on a set of habitat and species 

attributes. These included: the presence of significant 

species, diversity of amphibians and reptiles, and forest 

interior and grassland habitats. The wildlife constraint 

identification methodology is described in Appendix J7. 

The scores applied to each natural feature polygon 

received based on these attributes are listed in Appendix 
J6. Also listed in Appendix J6 are the vegetation 

community data (scores) for all community polygons. 

Constraints identified related to vegetation are discussed in 

Section B 8.3.2.5.  Figure B 8.3.3 summarizes the overall 
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natural heritage constraints identified in the study area. 

Whichever constraint score is highest for each community 

polygon (i.e., vegetation based or wildlife based) is the 

constraint rating that is depicted on the figure. 

The majority of the medium and high wildlife constraint 

features are associated with areas of forest interior or 

wetland habitat. 

B 8.5  Summary of Natural Heritage 
Concerns 

The following key issues were identified related to the 

natural heritage resources, particularly vegetation and 

wildlife, in the subwatershed: 

• Three wetland complexes are found in the 

watersheds: a) part of the Speed River Wetland 

Complex (Provincially Significant); b) the Maple 

Grove Wetland Complex, determined to be a 

Provincially Significant Wetland (PSW) based on 

the presence of additional significant species, as 

well as other attributes; and c) the newly 

evaluated West Creek Wetland Complex (Locally 

Significant). The Provincial Policy Statement 

(1997) prohibits development within and may 

restrict development adjacent to PSWs. 

• Twenty-four regionally significant plant species, 

and one provincially rare species are associated 

with upland forest and wetland habitats in the 

subwatershed.  

• Forest cover (i.e., forests, treed-swamps & 

plantation) currently represents 17.75% of the 

land base in the subwatershed, and wetlands 

comprise 18.15%. The overall forest cover in the 

subwatershed is deficient, but wetland cover is 

adequate, based on targets recommended by 

Environment Canada (1998): 30% forest cover, 

6% wetland cover. 

• Significant wildlife issues include the presence of 

numerous bird, several mammal, and one 

amphibian species that are considered rare in the 

Region. The subwatershed supports significant 

numbers of White-tailed Deer, which are known to 

overwinter along the Speed River. Habitats 

supporting significant wildlife include upland 

forest, wetlands, and successional meadows.  

• Nine habitat blocks were identified that provide 

potential ‘forest interior’ habitat for breeding 

migratory birds. Forest interior species were 

detected in all of these areas. 

• The natural cover tends to be localized along the 

creek channels, with some blocks of habitat 

relatively fragmented by past agricultural 

encroachment. Smaller units of isolated habitat 

also occur away from the creek corridors. The 

agricultural cover provides opportunities for wildlife 

movement between core areas, but inhibits the 

movement of forest interior plants.  

• Roads including Highway 401, Maple Grove 

Road, Beaverdale Road, and Fountain Street 

have a significant fragmenting effect on habitat 

connectivity.   

• Existing human encroachment into natural 

habitats (e.g., logging, clearing for aggregate 

extraction & agriculture, wetland filling, trampling, 

tree cutting, understorey removal, informal trails, 

garbage and debris dumping, vandalism) has 

occurred in some locations in the subwatersheds.  

• The quality, quantity, and seasonal flow of runoff 

in the subwatersheds is directly related to the 

habitat quality and species diversity of wetlands. 

There is clear evidence that many wetland 

communities located downstream of Maple Grove 

Road are reliant on groundwater discharge zones. 

• Although somewhat constrained by existing 

residential, agricultural, aggregate extraction and 
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highway land uses, the subwatersheds contain a 

range of upland forest, wetland and successional 

communities that sustain quality species and 

active wildlife movements. The quality, attributes 

and functions of these habitats are supported in 

part by the linked cover of the wetland and upland 

habitats, their relationship to local groundwater 

and surfacewater regimes, but also by the 

agricultural matrix which greatly facilitates species 

movements. 

 

Section B has discussed the existing conditions within the 

Hespeler West subwatersheds. Each discipline provided a 

detailed assessment and a summary of management 

considerations.  Each section has summarized their 

respective results and Section C will look at Management 

Alternatives to address these issues. 

B 9.0  SUMMARY 



 

 
March, 2003 

Photograph B2 - Excavation of a peat bog near the 
intersection of Fountain Street and Maple Grove Road.

Photograph B3 - Guelph Formation dolostone 
exposed in the Speed River valley to the east of the 
study area. 

Photograph B1 – Port Stanley Till 
overlying Maryhill Till in a soil 
sample from BH2 



 

 
March, 2003 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Photograph B4 - East Creek Reach One Photograph B5 - East Creek Reach Two 

Photograph B6 - Middle Creek Reach One Photograph B7 - Middle Creek Reach Two 



 

 
March, 2003 

 
 
 
 

Photograph B9 - West Creek Reach One Photograph B8 - Middle Creek Reach Three 

Photograph B10 - West Creek Reach Two Photograph B11 -  West Creek Reach Three 



 

 
March, 2003 

Photograph B12 - Vegetation unit 6.30b: Organic meadow 
marsh on deep organic soils, in the lower end of the Middle 
Creek Subwatershed. This is associated with a forested 
wetland where significant groundwater discharge was 
observed. 

Photograph B13 - Vegetation unit 5.13a: This dug pond, fed 
by groundwater, is part of a former sand and gravel pit 
located in the West Creek Subwatershed. This is the largest 
open water feature in the three subwatersheds. 

Photograph B14 - Smaller Purple-fringed Orchis 
(Platanthera psycodes), a regionally significant 
species, was observed in floodplain wetlands along 
the East and Middle Creeks. 



 

 
March, 2003 

Photograph B16 – Nest of the Regionally 
Significant Turkey Vulture (Cathartes 
aura).  Two Downy Young (white) Visible.  
Photographed by K. Konze on June 10, 
2002 

Photograph B17 – Characteristic 
‘Debarking’ by the Regionally 
‘Significant’ Porcupine (Erethizon 
dorsatum).  Photographed by K. Konze 
on March 28, 2002 

Photograph B15 – Baltimore Checkerspot 
(Euphydryas phaeton).  Photographed by K. 
Ursic on July 9, 2002. 
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C 1.0  OPPORTUNITIES AND 
CONSTRAINTS 

 

C 1.1  Introduction 

In the previous Section, we completed a comprehensive 

study of the Hespeler West subwatersheds.  The detailed 

study has given us insight into the physical and biological 

characteristics of these subwatersheds and related 

environmental issues. This plan is being completed in order 

to satisfy Provincial, Regional and municipal government 

policies regarding land development as urban development 

is anticipated to occur on designated lands south of Maple 

Grove Road. 

To facilitate our understanding of the relationship between 

development and the environment and ultimately to 

determine the final extent and form of development within 

the subwatersheds, we must first come to an 

understanding of the various constraints and opportunities 

that exist in the Hespeler West subwatersheds.  Our 

research has allowed us to identify these constraints and 

opportunities. Constraints are those existing subwatershed 

characteristics that impose a limit on proposed 

development while opportunities are those subwatershed 

characteristics, which typically would allow some 

enhancement of the environmental feature but can also be 

an opportunity for development to build on environmental 

strengths. This careful examination of constraints and 

opportunities allows the subwatershed forms and functions 

to be carefully examined, in a coordinated fashion, prior to 

and considering future development.  

We initially have examined the Natural Heritage component 

(wetlands and aquatic policies and issues). The various 

constraints and opportunities are summarized in tabular 

form as this facilitates cross-disciplinary evaluations and 

presentation (Section C 1.2). 

Once the full range of constraints and opportunities are 

stated in a multi-disciplinary, environmental perspective, 

possible development scenarios are examined (Section C 

2.0). Ultimately, the form of development is evaluated 

against the goals and objectives of the subwatershed study 

to ensure that the development concept meets these goals 

and objectives (Section C 3.0). 

C 1.2  Natural Heritage Issues 

Terrestrial Policy Issues 

In conjunction with the biotic constraints identified as part of 

the subwatershed inventory, policy-related constraints were 

identified based on Provincial, Regional and City 

environmental policies. 

This subwatershed study is in part a Comprehensive 

Environmental Impact Statement and therefore will 

determine the general thresholds which will form the limits 

to development in different areas of the subwatersheds, 

based on the preferred environmental management 

alternative. 

The Natural Heritage System within the three 

subwatersheds includes: 

• a portion of the Provincially Significant Speed 

River Wetland Complex; 

•  the Provincially Significant Maple Grove Road 

Wetland Complex (status revised in this study), 

and 

• the Locally Significant West Creek Wetland 

Complex (newly evaluated in this study). 

Portions of the Maple Grove Wetland Complex, associated 

upland habitats, and a natural feature on the Arriscraft 

lands, were previously identified as Locally Significant 

Natural Area (LSNA) on Map 9 in the City of Cambridge 

Official Plan (Corporation of the City of Cambridge, 1999). 
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Section 6.1.4 of the Official Plan indicates that it is the 

policy of the City to preserve, protect and enhance all 

LSNAs, and any permitted development within or adjacent 

to an LSNA must have regard for the preservation and 

enhancement of the LSNA.  Figure A 2.2.4 illustrates 

existing areas currently recognized as LSNA by the City.  

Based on the outcome of the terrestrial studies for the 

subwatersheds, the West Creek Wetland Complex would 

satisfy LSNA criteria. The majority of remaining habitats are 

included within the two Provincially Significant wetland 

complexes.  

An overriding aspect from the standpoint of a linked natural 

heritage system is provided by the existing Class 1 

(Significant Natural Features) Open Space designation, 

which protects “Significant Natural Features”. All Class 1 

(Significant Natural Features) Open Space areas found in 

the Hespeler West subwatershed are illustrated on Map 15 

of the Cambridge Official Plan (Corporation of the City of 

Cambridge, 1999), presented as Figure A 2.2.4 in the 

present report. Identification as a LSNA requires that an 

EIS be conducted before any proposed development is 

allowed to proceed that is adjacent or ‘contiguous’ to an 

existing LSNA area. In short, the identification of this area 

as a proposed LSNA serves to reinforce the validity of the 

existing Class 1 (Significant Natural Features) Open Space 

designation in this area.  It is noted that the Cambridge 

Natural Areas Inventory conducted in 1995 did not examine 

areas already designated Class 1 (Significant Natural 

Features) Open Space.  

The Regional Municipality of Waterloo has not designated 

Environmentally Sensitive Policy Areas (ESPAs) within the 

Hespeler West subwatersheds to date.  An analysis of the 

natural heritage features observed according to ESPA 

criteria is provided in Table C 1.2.1.  Based on this 

analysis, there are adequate grounds to consider ESPA 

designation of at least some of the habitat features in the 

East and Middle Creek subwatersheds. In particular, the 

headwater areas north of Maple Grove Road are relatively 

large and extensive, meeting several primary and likely two 

or more secondary ESPA criteria. Interpretation of 

secondary criteria must be based on an overview of the 

entire ESPA system, and Regional staff and the Region’s 

Ecological and Environmental Advisory Committee (EEAC) 

will therefore assess whether ESPA designation is 

appropriate.  If one or more ESPA is designated, the 

boundaries of the current Class 1 (Significant Natural 

Features) Open Space designation on Map 15 of the 

Cambridge Official Plan may have to be adjusted. Such a 

designation would limit development opportunities within 

the identified ESPA.  However, Provincially Significant 

Wetland status has been recommended elsewhere in this 

report for most areas likely to be included in ESPA.  

Existing Provincial, Regional and local policy areas are 

summarized on Figures A 2.2.3 and A 2.2.4. 
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Table C 1.2.1  Criteria Met for Environmentally Sensitive Policy Areas  (from ROPP Policy 4.3.2, RM Waterloo, 1998)

 
  ESPA Criteria  
 

 East 
Creek 

Middle 
Creek 

West 
Creek 

Comments 

   Primary Criteria (section 4.3.2b):      

 

i) comprise ecological communities deemed
unusual, of outstanding quality or
particularly representative regionally,
provincially or nationally; 

 

 

Poss Poss No 

East and Middle Creeks SWS contain extensive 
communities: headwater swamp, upland forest, marsh, 
spring-fed swamp, floodplain swamp, shallow bedrock 
along the Speed River corridor  

 

ii) contain critical habitats which are
uncommon or remnants of once extensive
habitats such as old growth forest, forest 
interior habitat, Carolinian forest, prairie-
savanna, bogs, fens, marl meadows, and
cold water streams; 

 

Yes Yes Yes 

All 3 SWS contain habitat blocks with forest interior 
conditions, and support associated forest interior bird 
species. The largest blocks occur in East and Middle
SWS north of Maple Grove Road.  

 

iii) provide a large area of natural habitat of
at least twenty hectares which affords
habitat to species intolerant of human
intrusion; or 

 
Yes Yes No 

The portions of East and Middle Creeks SWS north of 
Maple Grove Road each contain contiguous blocks of 
habitat exceeding 20 ha  

 

iv) provide habitat for organisms indigenous
to the Region recognized as nationally,
provincially, or regionally significant; or 

 

Yes Yes Yes 

Plants – 21 species considered significant by Region; 3 
considered rare in Province (subject to further 
verification) 
Wildlife – 34 species considered significant by Region  
 

 Secondary Criteria (4.3.2c):      

 

i) contain an unusual diversity of native life
forms due to varied topography, contain 
microclimates, soils, and/or drainage
regimes; 

 

Poss Poss Poss 

All 3 SWS contain diverse native habitats over the varied 
soil, topographic and drainage regimes present from the 
headwaters down to the Speed River floodplain. 
Wetlands are better represented than uplands; the 
headwater area of East Creek contains the most diverse 
upland forests. 
 

 

ii)  perform a vital ecological function such as
maintaining the hydrological balance over
a widespread area by acting as a natural
water storage discharge or recharge area; 

 

 

Yes Yes Yes 

Extensive headwater wetlands provide major natural 
storage on East and Middle Creeks. Discharge systems 
exist in middle and/or lower reaches of all 3 Creeks. The 
upper East Creek SWS recharges aquifers that sustain 
the Chiligo Creek.  
 

 

iii)  provide a linking system of relatively
undisturbed forest or other natural habitat
for the movement of wildlife over a
considerable distance; 

 
No Poss No 

The Middle Creek habitat block north of Maple Grove 
Road is over 2 km in length, with one rural road crossing 
(Middle Block Road). 
 

 iv)  serve as major migratory stop-overs; or  No No No  

 

v) contain landforms deemed unusual or
particularly representative at the regional
scale. 

 

Poss Poss No 

The East and Middle Creeks systems display a full range 
of soil and topographic extremes, from lacustrine and 
outwash sands in the headwaters, tills in the middle 
reaches, and shallow shale and dolomite bedrock along 
the Speed River. 
  

Interpretation:  Yes – criterion clearly met; No – criterion clearly not met;  
  Poss – criterion possibly met, subject to interpretation by Regional staff & EEAC. 
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Vegetation and Wildlife Constraints 

As part of subwatershed characterization, a constraint 

analysis of existing vegetation and wildlife resources was 

undertaken. In the analysis, a variety of ecological 

attributes were assessed for each identified vegetation 

community, based on air photo interpretation and field 

inventories. The specific methodologies used to identify 

constraints are described in Appendices J3 (Vegetation 

Constraint Assessment Methodology) and J7 (Wildlife 

Constraint Assessment Methodology).  The application of 

these methodologies determines overall constraint rankings 

for both the vegetation and wildlife resources.  Results of 

this analysis are summarized in Appendix J6 and 

illustrated on Figure B 8.3.3. 

A number of small features which were initially assigned 

with medium to high constraints on the basis of drainage or 

canopy age, were downgraded to medium or low constraint 

where it was determined that a) they represent features 

which were human-created and b) they are separated from 

core features by intensive land uses, to the extent to 

preclude significant contribution to overall functions of the 

natural heritage system.  Examples include wet pockets 

along Highway 401, or minor drainage features without 

strategic connective value, and groupings of mature shade 

trees from former farmyards.  Original constraint rankings 

are noted in brackets in the constraint Rating column in 

Appendix J6, along with their recognized constraint status. 

Linkages 

Linkages of habitats within the subwatersheds, and 

extending to natural features outside the subwatershed 

boundaries were determined based on background 

information (including deer yarding data from MNR), multi-

season field observations of species usage and signs of 

movement, interpretation of contour mapping and aerial 

photographs, and review of preliminary regional habitat 

mapping of the Speed River, prepared by the Speed River 

Land Trust.  

It should be recognized that establishing the use of 

particular linkages for a broad array of plant and animal 

species involves intensive research spanning several 

years. Therefore this analysis will be subject to detailed 

confirmation as part of subsequent design and 

subwatershed work, including that for adjoining 

subwatersheds. 

Habitat linkages represent potential constraints, as well as 

opportunities for enhanced connectivity in the landscape. 

Linkages which may be tenuous or apparently redundant in 

an agricultural landscape that is reasonably “porous’ to the 

movement of wildlife species, will become critical to 

maintaining gene flow of sensitive species if development 

occurs in the vicinity.  In general the principles of 

maximizing connections (redundancy) and providing 

sufficient and diverse habitat cover along linkages to 

maintain the three levels of normal corridor usage 

(passage, foraging and breeding), are key to any effective 

linkage network.   

Enhancement of linkages, such as improved access along 

tributaries to the Speed River Wetland Complex, will have 

particular benefits for a wide range of species, including 

large mammals such as deer and coyote, and amphibians 

and reptiles that are affiliated with wetland and riparian 

cover.  Highway 401 represents a major constraint to 

wildlife movement from the West Creek to the Speed River.  

However, there is a potential linkage between West Creek 

and points eastward north of the Highway 401 through the 

Speed River corridor, connecting via the relatively large 

span bridge over the Speed River at Regional Road #24 to 

riverside habitats located well east of the subwatersheds.  

Provision of enhanced valley connections to the Speed 

River along the East and Middle Creeks is considered 

important to the future functioning of the natural heritage 
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system in the subwatersheds.  Enhanced habitat cover, 

hedgerows and rural countryside in the upper 

subwatershed areas would optimize connections with the 

nearby Chilligo Creek and Hespeler West subwatersheds, 

and can potentially provide part of a substantial natural 

heritage corridor between the Grand and Speed Rivers. 

Functional linkages also exist between ground and 

surfacewater hydrology, and wetlands within the 

subwatersheds.  The combination of subcatchment area, 

local topography, vegetative cover and soil texture 

represent a complex hydrologic system that sustains a 

mosaic of wetland communities as discussed in Section B 

of this report.  

Sections C 3.3.2 and C 3.3.3 provide a detailed description 

of buffers and habitat enhancements, in conjunction with 

the consideration of subwatershed management 

alternatives, to address these linkage constraints. 

A conceptual linkage and enhancement plan is presented 

in Figure C 1.2.1. 

Buffers and Habitat Enhancements 

Buffers and habitat enhancement provide an opportunity to 

avoid impacts, improve habitat representation, and sustain 

linkage functions. Potential enhancement areas should be 

identified on the basis of indicators of local sensitivity (e.g., 

slopes, drainage or overhanging tree cover) and where 

habitat cover is currently considered deficient along the 

corridor.   This is discussed further in Section C 3.3.3. 

Fish Habitat Policy Issues 

Within the legislative and policy framework identified in 

Section A, fish habitat within the Hespeler West 

subwatersheds and in the Speed River (to the extent that it 

can be affected by activities in the Hespeler West 

subwatersheds) poses both constraints and opportunities.   

Existing fish habitat is a constraint in that it cannot be 

harmfully altered, disrupted or disturbed without 

authorization under the Fisheries Act.  There are, however, 

also opportunities to enhance fish habitat in the 

subwatershed.   

Fish Habitat  

Vegetated buffers along stream banks provide a variety of 

benefits including shading the stream, providing cover for 

fish, increasing bank stability, and filtering out sediment 

that may be carried in surface flow to the streams.  The 

Ministry of Natural Resources usually require vegetated 

and unmown buffers that are, at a minimum, 15 metres 

wide on each side of a warmwater stream and 30 metres 

wide on each side of a coldwater stream. The City of 

Waterloo, in the Laurel Creek Watershed Plan stipulates 

that there be 15 metre buffers for intermittent streams and 

30 metre buffers for permanent flowing streams. The MNR 

aquatic standards have been applied to the Hespeler West 

system.  The final width of the buffer should be established 

during the scoped site EIS process.  Figure C 3.3.1 details 

a 15 metre buffer option on the Hespeler West creek 

systems. 

C 1.3  Natural Hazard Issues 

C 1.3.1  Flooding 

The key natural hazard issue within the Hespeler West 

subwatershed area is the presence of the Regulatory 

Floodplain. This floodplain has been discussed in Section B 

3.0 and detailed on Figure B 3.2.1. A related hazard issue 

is the presence of shallow water tables and associated 

wetland habitats throughout the subwatershed.  These 

linked systems have achieved a relatively stable balance 

with existing land uses, which will be affected as portions of 

the subwatershed are urbanized.  The use of buffers, 
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setbacks and scoped studies of site-specific hydrology in 

the planning of land use changes will be key to avoiding 

impacts to these hazard features. 

C 1.3.2  Steep Slopes 

Steep slopes are another important natural hazard feature 

in the subwatersheds, particularly in areas of potential 

development.  Steep slope areas exist along the Speed 

River and on the lower reaches of the three tributary 

creeks. 

Steep slopes in the study area can generally be described 

as three main regions: 

a). An area east of Beaverdale Road and next to 

Regional Road #24 near the Chilligo Creek 

subwatershed boundary.  Top-of-bank is to the 

north in an area currently used for agriculture. 

b). Several areas exist in the area southwest of the 

intersection of Beaverdale Road and Old Maple 

Grove Road along the lower section of the East 

and Middle Creek channels. Much of this area is 

developed into residential subdivisions. 

c). Areas near the Arriscraft operations along 

Speedsville Road (excluding slopes related to the 

active pit operation). 

d). Further west, an area on the east side of Boxwood 

Drive next to West Creek and steep slopes 

between Royal Oak Road and Highway 401 exist. 

Steep slope criteria used in this study is according to the 

Grand River Conservation Authority whereby any slopes 

with a horizontal to vertical ratio steeper than 6:1 should be 

considered a steep slope.  In such cases, a minimum top-

of-bank setback of ten metres has been established.  

Where slopes are less than a 3:1 horizontal to vertical ratio, 

the ten-metre setback applies, beginning at the top of the 

slope.  Where slopes are steeper than 3:1, the setback 

begins where a 3:1 angle, starting from the base of the 

steep slope, intersects with the ground level at the top of 

the slope.  This results in a setback greater than ten metres 

from top-of-bank for slopes steeper than 3:1. 

Most of these areas identified above are contained in the 

High Constraint area shown on Figure B 8.3.3. Natural 

Heritage Constraints. Only three small areas of steep slope 

are omitted from this High Constraint designation and were 

considered too small to map. They are described as: 

1) An area in East Creek subwatershed opposite 

Ratcliffe Drive and located between Regional 

Road #24 and Beaverdale Road (area = 80 x 200 

metres and presently agricultural field). 

2) An area in Middle Creek subwatershed located 

immediately west of the farm pond (M6 shown on 

Figure A.1.1.2) with an area = 150 x 50 metres 

and presently part of a farm yard, north of a barn. 

3) An area in West Creek subwatershed located 

immediately north of Highway 401 and south of 

the row of houses fronting onto Cherry Blossom 

Road (area = 80 x 300 metres and presently the 

rear portion of residential lots). 

These areas specifically will therefore need to be 

considered in any development or redevelopment activity 

planned. Areas of steep slopes and their required setbacks 

should be addressed in the Community Plan and in 

subsequent Scoped Environmental Impact Statements and 

Plans of Subdivision or Site Plan Approval. 

C 1.4  Summary of Opportunities and 
Constraints  

A discussion on the numerous opportunities and 

constraints that relate to the study area has been 

summarized on Table C 1.4.1. The table has been 

organized into the following sections: 
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• Aquatic Systems (creeks and ponds). 

• Water Management Systems. 

• Natural Heritage Systems. 

• Agricultural Systems. 

Various plans have also been prepared to convey the 

potential constraints and opportunities with the Hespeler 

West subwatershed.  The following figures are applicable 

to a final Opportunities and Constraints Plan:  

• B 3.2.1 Regulatory Floodlines 

• B 8.3.2  Evaluated Wetlands 

• B 8.3.3 Natural Heritage Constraints 

• C 1.2.1 Conceptual Subwatershed Linkages & 

 Enhancement Areas 

C 2.0  LAND USE SCENARIOS 

C 2.1  Introduction 

The existing planning designations are described in Section 

A 2.2 - City of Cambridge Official Plan and A 2.3 - City of 

Cambridge Zoning By-law. These designations are shown 

on Figures A 2.2.1 and A 2.2.2 and the zones are identified 

on Figure A 2.3.1. 

C 2.2  Land Use 

The subwatershed contains a mix of land use designations 

that can generally be described as “agricultural” north of 

Maple Grove Road and east of Middle Creek with a “urban” 

designation to the south and west of these features. The 

area designated agricultural is approximately 460 ha in size 

and would require amendments to the planning policies to 

permit urban development. 

The urban area south and west of the above described line 

contains both general industrial and surburban residential 

uses. The industrial uses include the Toyota vehicle 

manufacturing plant, Loblaws grocery distribution facility, 

Seaforth Creamery and Arriscraft International sand and 

gravel extraction. A small portion of the Arriscraft property 

to the east has been rehabilitated and developed into a 

residential subdivision (known as Idylwild). An adjacent 

residential area along Royal Oak Drive, Briardean Road 

and Speedsville Road completes the residential use within 

the subwatersheds.  Proposals for development within the 

currently designated urban areas would be evaluated on 

the basis of existing policies and the requirements of the 

subwatershed study applicable to the proposed uses.  

The extent of future development will be influenced by the 

outcome and implementation of the Regional Municipality 

of Waterloo’s “Smart Growth Initiative” and the City of 

Cambridge “Country Side Line” (see Figure C 2.1.1 and 

discussion in Section B 7.3.1). 

The City of Cambridge will implement the 

recommendations of the Hespeler West Subwatersheds 

Study where appropriate, through amendments to the 

Official Plan and a Community Plan. This includes 

designating natural heritage areas through the Greenspace 

Management Strategy.  The information gathered through 

this study will be considered in identifying development 

areas, appropriate types and locations for permitted land 

uses, as well as the compatibility requirements for these 

land uses with regard to the environmental information and 

recommendations of the subwatershed study.  
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C 3.1.  Aquatic Systems 

C 3.1.1  Rehabilitation Background 

The Hespeler West creek systems all have three main 

reach segments: an upper plateau in the headwater area, 

for the most part significantly altered in each case with the 

possible exception of East Creek upstream of Maple Grove 

Road; a transitional area which is characterized by steeper 

gradients and active erosion, however buffered for the most 

part by some riparian vegetation and containing structures 

in channel (such as ponds and drop structures); and lower 

reaches characterized as depositional zones which have 

also been altered to a great degree, with the possible 

exception of Middle Creek downstream of Hunt Club Road. 

Each of these reach segments has specific fluvial process 

properties. The upper plateau reaches tend to contain 

wetland features that play a significant role in storage of 

large volumes of flow, assisting in slow release of water 

during periods of high input. This assists the lower reaches 

of the creeks by buffering some of the high potential energy 

as flow enters the steeper transitional areas. In these 

steeper areas, flow is somewhat more concentrated into a 

proper channel form, and we see evidence of channel 

wandering as meandering becomes more developed. The 

addition of flow energy to these reaches also assists in 

creating a diversity of channel components: riffles and 

pools are formed which are not homogeneous in nature 

with one another, providing high potential for diverse 

aquatic habitat. Within the depositional reaches we note 

that riparian buffers decrease in extent and the channels 

become less diverse, and in the case of West and East 

Creeks this section is highly altered and while able to 

deliver flow through the reaches, are essentially non-

functioning from a fluvial perspective. 

Instability is the main issue with regard to these creeks. As 

noted in the Impact Sensitivity Map in Section B4.3.7, the 

only reaches that are considered stable are those that have 

been channelized and protected or those in unaffected 

wetland complexes. As a result of the diversity of process 

properties in each of the channel areas (plateau, 

transitional and depositional), management strategies for 

these creeks must be site-specific if they are going to be 

effective. In other words, it would be unwise to adopt a 

single management strategy and methodology for all 

Hespeler West creek systems and apply it across all 

process boundaries. Specific treatments must be identified 

for each section. 

C 3.1.2  Aquatic Options 

Having considered the entirety of the fluvial assessment of 

these creeks, a number of management alternatives 

options present themselves.  

System-Wide Options: 

Considering the three creeks as a system, there are a 

number of system-wide options that present themselves: 

1. Leave the systems as they are. 

2. Establish naturally vegetated riparian buffers in all 

areas where none currently exist. 

3. Protect and enhance existing buffers. 

4. Remove the on-line ponds. 

5. Remove or modify culverts that are barriers to 

upstream fish migration. 

6. Conduct site-specific remediation strategies for 

immediate problem areas. 

Leaving the systems as they currently exist would be a very 

cost effective strategy for the time being, as there would be 

no capital outlay initially. However, as time progresses 

C 3.0  MANAGEMENT ALTERNATIVES 
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there will be increasing capital costs to deal with ongoing 

maintenance issues as the systems continue to degrade. 

Establishing riparian buffers is essential to proper 

functioning of the creek systems, and has wildlife and 

aquatic habitat benefits as well. 

Removing the on-line ponds would result in a high initial 

cost, would require a series of significant interventions to 

the channel, and may cause some social or cultural 

impacts as some of the ponds have been in place for 

decades and have historical value. On the positive side, 

removal of the ponds would improve sediment transport 

and water flow, thereby increasing water quality. 

Conducting site-specific remediation strategies for 

immediate problem areas would deal with the potential 

rapid decline in quality of segments of these creeks, and 

being targeted would provide maximum return on 

investment. One potential disadvantage of this option is it 

requires the attention of a fluvial geomorphologist to assist 

in the decision-making process for all strategies, from 

prioritizing works to designing and construction supervision 

of these works. While not a severe disadvantage, there 

would be associated costs with this strategy. 

East Creek Options: 

Based on the information available at this time, East Creek 

is a warmwater stream containing common stream fishes.  

A natural waterfall blocks upstream fish migration 

approximately 500 metres upstream from the Speed River.  

There are two more barriers created by culverts further 

upstream.   There are no on-line ponds.  Some reaches 

have been ditched/channelized in the past, and some 

reaches are bordered by manicured lawns, with some 

indication that this treatment will increase. 

Management activities could be considered, alone or in 

various combinations, include the following: 

1. Rehabilitate the lower section (previously 

channelized) of the creek from the start of the 

Regional Road #24 alteration to the Speed River. 

2. Rehabilitate the entire lower section downstream 

of Beaverdale Road (including establishing a 

formal riparian buffer downstream of Beaverdale 

Road within the residential property). 

3. Modify stream so that waterfall is no longer 

migration barrier. 

4. Rehabilitate the section downstream of Maple 

Grove Road adjacent to the sod farm operation. 

5. Keep development away from the headwater 

areas upstream of Maple Grove Road. 

The first two options require extensive channel 

interventions to reestablish proper creek functioning in the 

lower reaches and should be seen as a priority for the 

health of this system, especially with regard to aquatic 

habitat. While the creek aesthetically looks fine immediately 

downstream of Beaverdale Road, the data indicates it is in 

a high state of flux and needs to be buffered. The third 

option would require less intervention overall as there are 

sections of the creek in this area which function well, this 

option would simply be more proactive to retain resilience 

in the creek. The fifth option is essential to maintain flood 

storage. 

Middle Creek Options: 

Based on the information available at this time, Middle 

Creek is a warmwater stream containing common stream 

fishes.  There are several barriers to upstream fish 

migration through the middle reaches and three on-stream 

ponds in total.  There are several sections of the stream 

where the channel has been straightened and otherwise 

modified.  Through the middle and lower portions of the 
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creek there appears to be a considerable amount of 

groundwater discharge, which suggest that it might be 

possible to create a coldwater (trout) stream.  Further 

information with respect to temperatures and fish 

communities will assist in determining if this is feasible.   

Management activities could be considered, alone or in 

various combinations, include the following: 

1. Rehabilitate the section of creek upstream of Hunt 

Club Road to the on-line pond (previously gabion 

lined). 

2. Remove on-line ponds. 

3. Conduct site-specific treatments upstream of the 

on-line pond in the straight section between the 

path and Briardean Road (including removal of the 

culvert beneath the path and reestablishing a 

meandering pattern to the creek upstream). 

4. Reestablish a natural pattern to the creek along 

the Maple Grove Road channelization. 

5. Rehabilitate and properly size the channel 

upstream of Maple Grove Road to the headwaters 

area. 

Again, option 1 and 2 would be very costly and considering 

the channel downstream is in good shape, might not need 

serious consideration as long as maintenance of these 

sections is ongoing. Clearly the most important option to 

consider immediately is the third one, as this segment of 

the creek is at the highest risk for further degradation. It is 

expected that while options 4 and 5 need addressing, they 

will not form a part of any management strategy for the 

time being due to high costs and 

transportation/development infrastructure issues. 

 

West Creek Options: 

Based on the information available at this time, West Creek 

is a warmwater stream containing common stream fishes.   

The headwaters of this system have been eliminated, so its 

source is now a storm sewer, which is the outlet of a 

stormwater management pond.  It is possible that this has 

created a source of cool base flow.  There is one dam that 

is a barrier to upstream migration, and a naturally steep 

section that will impair upstream movement.  The lower 

reach has been channelized. 

Management activities could be considered, alone or in 

various combinations, include the following: 

1. Rehabilitate the lower portion of the creek in 

Riverside Park. 

2. Remove the dam and drop structure at Royal Oak 

Drive. 

3. Develop and implement a monitoring programme 

for the reaches upstream of Royal Oak Drive to 

assess ongoing channel adjustments to loss of 

upstream catchment area. 

Option two would be the least cost-effective of the West 

Creek options, and option one would likely not be a priority 

as the creek is stable through this reach, though minor 

adjustments are taking place. Given the likelihood of 

significant channel adjustment due to loss of catchment 

area, option three should be given priority. 

C 3.1.3  Aquatic Options Summary 

Attempting to deal with stream management options across 

three systems can be a daunting task, with potential 

confusion surrounding which options to tackle in what order 

in an attempt to get the maximum benefit from funds. 

Therefore, a priority listing has been developed which puts 

these three creeks into perspective given the existing 

conditions as determined from the fluvial data and 
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considering costs and likelihood of implementation. In order 

from high priority to low, the ranking is as follows: 

1. East option 1. 

2. East option 2. 

3. West option 3. 

4. Middle option 3. 

5. East option 3. 

6. East option 4. 

7. Middle option 1. 

8. West option 1. 

9. East option 5. 

10. Middle option 5. 

11. Middle option 4. 

12. West option 2. 

13. Middle option 2. 

The ranking has been based on an assessment of various 

evaluation criteria including: 

• state of degradation; 

• ease of implementation; 

• ranking based on erosion sensitivity; 

• degree of human impact; 

• environmental benefit; 

• resiliency to perturbation; and 

• cost and availability of funding. 

From a system-wide perspective, not considering the 

creeks as separate entities but the entire Hespeler West 

subwatersheds as a whole, the order of priority would be: 

1. System Wide Option 3. 

2. System Wide Option 2 and 6. 

3. System Wide Option 5. 

4. System Wide Option 4. 

It is not recommended that System-wide Option 1 be 

seriously considered as these systems are, as indicated in 

Section B 4.3.7, at risk of rapid degradation. 

Following this priority listing would provide the best 

management strategy to maintain the existing conditions of 

the creeks while increasing resilience to future 

development or other land-use pressures and improving 

degraded areas.  These options and their rankings are 

summarized on Figure C 3.1.3 - Aquatic Strategy 

Rehabilitation. 

Final designs of any option would be required.  The design 

process would require extensive public, and agency 

consultation prior to this final approval and implementation. 

C 3.2  Water Management Alternatives 

The following management alternatives have been 

considered for the Water Management system: 

1. Do-nothing; 

2. Full water quality and quantity in new 

development ponds; 

3. Water quality control only (additional flows 

directed to the Speed River); 

4. Water quantity control only (no quality control); 

5. Infiltration of stormwater runoff. 

An evaluation of the various alternatives in light of existing 

environmental conditions, governing policies, municipal and 

Conservation Authority guidelines eliminated Options 1 and 

4.  Option 3 was eliminated, as it was determined that the 

existing creeks were not able to accommodate the 

additional flows. Option 5 is required to ensure that 

baseflow is maintained and would be applicable to 

effectively all the previous Options. The result is that the 

preferred Management Alternative is Option 2. 
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C 3.2.1  Hydrologic Impact Analysis 

Having determined that water quality and quantity controls 

are necessary, an evaluation of the ultimate extent of the 

impact of future development is required for a robust 

analysis. 

As detailed in Appendix D, the existing conditions 

hydrologic model (Scenario 1) was modified to account for 

two future scenarios. Scenario 2 (Interim Development) 

represents an assumed condition for areas already 

committed or proposed for residential and industrial 

development as far north as the countryside line.  Scenario 

3 (Ultimate Development) assumes complete development 

of all developable areas in all three subwatersheds. 

Scenario 3 is conceptual in nature as areas north of the 

countryside line have currently not been committed for 

development.  However, Scenario 3 is necessary in order 

to fully understand how future conditions may impact the 

Hespeler West subwatershed, to determine ultimate 

Regulatory floodlines and to allow the current study to 

make any necessary allowances. 

Post-development conditions are represented in the 

hydrological model primarily through changes to the 

following input variables. 

• Increased imperviousness, with a corresponding 

decrease in pervious area (no changes were 

made to existing wetlands and forest areas). The 

methodology for estimating impervious areas is 

outlined in Appendix D.  

• Changes to the drainage network (represented by 

different flow cross-sections, and subcatchment 

length and width) to reflect post-development 

conditions. In past applications, this has included 

modifications to channel routing reaches 

representing future ‘channelization’ efforts, but 

with recent trends in ‘natural’ approaches in 

subwatershed management, the existing channel 

routing reaches remain unaltered.  

For Scenarios 2, and 3, modifications to the subcatchments 

were primarily made as increases to impervious areas 

(e.g., Response Unit 1), with corresponding reductions in 

the ‘open’ area or ‘low vegetative’ cover response units 

(e.g., RUs 2, 3, 4 and 5). In cases where the revised 

impervious values were greater than 10%, adjustments 

were made to the overland flow routing parameters (e.g., 

decrease in main and off-channel travel times, decrease in 

overland lag). Appendix D outlines the differences 

between urban and rural subcatchment elements, in terms 

of timing or routing parameters.  

The new urban areas in Scenarios 2 and 3 were assumed 

to be a combination of residential and industrial 

development.  Future residential development was 

assumed for subcatchments where new or additional 

residential areas are proposed, or where the existing land 

use is predominantly residential.  Industrial development 

was assumed for all other areas.  Imperviousness values of 

55% for residential development, and 88% for industrial 

development, were assigned in the revised impervious area 

calculations.  These values were based on detailed 

analysis of the impervious coverage of developed areas 

recently undertaken by the City of Kitchener.  

To develop an understanding of the Stormwater 

Management criteria and targets required in each 

subwatershed, the Scenario 3 hydrology model was 

modified by inserting detention pond elements at the outlet 

of developed subcatchments.  These detention ponds were 

sized for both extended detention (water quality purposes 

with 48 hour drawdown providing Level 1 control as per 

MOEE 1994) and for controlling the peak flows from the 2 

year to 100 year return period 3 hour Chicago Storm using 

the City of Cambridge IDF (Intensity Duration Frequency) 
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information.  Tables C 3.2.1 and C 3.2.2 show the volumes 

required for stormwater control.  Table C 3.2.3 summarizes 

the peak outflows from the subcatchments with stormwater 

controls for the 2 year through 100 year events. 

Flood flow estimates were made using revised GAWSER 

subwatershed files for Scenario 3. The results are 

presented in Table C 3.2.4. The corresponding mean 

annual water balance summaries resulting from the 39-year 

continuous simulation for Scenario 3 are given in Table C 
3.2.5.  Flow duration curves showing the results for existing 

conditions, Scenario 3, and Scenario 3 with controls, are 

given in Appendix D, Figures 3.6.1 to 3.6.9 for East, 

Middle and West Creeks respectively. 



 

    
 September 2004 

Page C - 14

Table C 3.2.1  Summary of Extended Detention Volumes for Scenario 3 

Creek Subcatchment 
Extended 
Detention 

Volume (m3) 

48 hour 
Drawdown 
Rate (m3/s) 

Volume/area 
(m3/ha) 

Volume/Impervious 
Area 

(m3/ha) 
1101 636 0.0037 100 178 

1103 1660 0.0096 100 130 

1110 749 0.0043 100 130 

1115 1180 0.0068 100 130 

1117 1900 0.0110 100 141 

1125 671 0.0039 100 294 

E
as

t C
re

ek
 

1130 1030 0.0060 100 131 

2101 1170 0.0068 100 113 

2110 2520 0.0146 100 154 

2115 3850 0.0223 100 333 

2125 5100 0.0295 100 192 

2130 2330 0.0135 100 141 

2135 2040 0.0118 100 125 

2136 777 0.0045 100 185 

2139 401 0.0230 100 213 

2140 577 0.0033 100 122 

2150 2700 0.0156 100 222 

2155 2840 0.0164 100 161 

2160 2210 0.0128 100 264 

2170 2820 0.0163 100 204 

2172 1180 0.0068 100 128 

2173 1280 0.0074 100 213 

2175 1060 0.0061 100 217 

M
id

dl
e 

C
re

ek
 

2180 676 0.0039 100 323 

3103 479 0.0028 100 114 

3104 2120 0.0123 100 167 

3110 482 0.0028 100 151 

3115 242 0.0014 100 454 

3120 399 0.0023 100 114 

3125 549 0.0032 100 137 

3135 1170 0.0068 100 113 

3145 241 0.0014 100 238 

W
es

t C
re

ek
 

3150 696 0.0040 100 114 
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Table C 3.2.2  Summary of Required Storm Volumes for Scenario 3 

Creek Subcatchment 100 Year Detention 
Volume (m3) 

Peak 
Outflow 
(m3/s) 

Volume/area 
(m3/ha) 

Volume/Impervious 
Area 

(m3/ha) 
1101 2641 0.28 415 741 
1103 6439 0.99 387 502 
1110 2497 0.61 333 433 
1115 4947 0.74 420 545 
1117 7312 0.05 386 543 
1125 1202 0.48 179 527 

E
as

t C
re

ek
 

1130 4160 0.53 402 529 
2101 5506 0.56 470 534 
2110 10452 0.93 415 638 
2115 10923 0.45 284 945 
2125 21069 1.01 413 795 
2130 9110 1.27 391 550 
2135 8491 1.11 417 522 
2136 2154 0.59 277 513 
2139 950 0.25 237 504 
2140 2298 0.38 398 486 
2150 8098 1.19 300 666 
2155 10719 1.53 377 608 
2160 5654 0.55 256 675 
2170 9478 1.30 336 685 
2172 4029 1.02 341 437 
2173 1499 2.60 117 250 
2175 1309 2.30 123 268 

M
id

dl
e 

C
re

ek
 

2180 1684 0.71 249 804 

3103 1913 0.34 400 454 

3104 8148 1.24 385 641 

3110 1279 0.44 265 402 

3115 363 0.10 150 681 

3120 1245 0.42 312 355 

3125 1654 0.50 301 413 

3135 4530 0.77 386 438 

3145 274 0.43 113 270 

W
es

t C
re

ek
 

3150 2515 0.59 362 411 
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Table C 3.2.3  Summary of Peak Subcatchment Outflows 
Peak Flows (m3/s) 

Creek Node Outflow Location 
Area 
(ha) 1:2 yr 1:5 1:10 1:25 1:50 1:100 REG 

1101 Subcatchment 1101 6.4 0.024 0.033 0.066 0.114 0.161 0.193 0.282 

1103 Subcatchment 1102 16.6 0.047 0.081 0.205 0.381 0.549 0.671 0.991 

1110 Subcatchment 1110 7.5 0.019 0.041 0.122 0.233 0.338 0.416 0.612 

1115 Subcatchment 1115 11.8 0.016 0.042 0.136 0.272 0.399 0.493 0.735 

1117 Subcatchment 1117 19 0.023 0.060 0.193 0.384 0.566 0.700 1.050 

1125 Subcatchment 1125 6.7 0.039 0.055 0.110 0.186 0.255 0.306 0.482 

1130 Subcatchment 1130 10.3 0.009 0.027 0.094 0.190 0.282 0.350 0.532 

1135 Subcatchment 1135 12.4 0.477 0.583 0.919 1.340 1.690 2.010 2.690 

1140 Subcatchment 1140 13.2 0.244 0.336 0.633 1.020 1.330 1.620 2.350 

1145 Subcatchment 1145 11.8 0.515 0.615 0.929 1.320 1.650 1.950 2.590 

1150 Subcatchment 1150 12 0.103 0.132 0.233 0.372 0.506 0.596 0.843 

1155 Subcatchment 1155 2.7 0.110 0.132 0.197 0.281 0.351 0.412 0.546 

E
as

t C
re

ek
 

1160 Subcatchment 1160 1.1 0.019 0.022 0.034 0.050 0.065 0.075 0.102 

2101 Subcatchment 2101 11.7 0.027 0.046 0.115 0.214 0.312 0.380 0.563 

2110 Subcatchment 2110 25.2 0.071 0.101 0.211 0.369 0.528 0.635 0.935 

2115 Subcatchment 2115 38.5 0.019 0.031 0.081 0.154 0.231 0.284 0.449 

2120 Subcatchment 2120 21.9 0.699 0.882 1.460 2.200 2.820 3.370 4.580 

2125 Subcatchment 2125 51 0.134 0.165 0.274 0.431 0.598 0.696 1.010 

2130 Subcatchment 2130 23.3 0.081 0.124 0.280 0.503 0.718 0.870 1.270 

2135 Subcatchment 2135 20.4 0.043 0.081 0.221 0.419 0.610 0.748 1.110 

2136 Subcatchment 2136 7.8 0.012 0.034 0.112 0.221 0.324 0.401 0.593 

2139 Subcatchment 2139 4 0.010 0.019 0.051 0.096 0.138 0.169 0.250 

2140 Subcatchment 2140 5.8 0.006 0.020 0.069 0.138 0.204 0.253 0.378 

2141 Subcatchment 2141 27.7 0.029 0.061 0.180 0.353 0.527 0.650 0.986 

2143 Subcatchment 2143 27.8 0.029 0.057 0.162 0.316 0.471 0.581 0.890 

2150 Subcatchment 2150 27 0.054 0.094 0.239 0.446 0.649 0.792 1.190 

2155 Subcatchment 2155 28.4 0.176 0.227 0.408 0.660 0.908 1.070 1.530 

2160 Subcatchment 2160 22.1 0.023 0.040 0.102 0.193 0.284 0.348 0.550 

2165 Subcatchment 2165 7.8 0.094 0.118 0.203 0.317 0.423 0.496 0.689 

2170 Subcatchment 2170 28.2 0.094 0.137 0.291 0.510 0.725 0.872 1.300 

2172 Subcatchment 2172 11.8 0.156 0.192 0.314 0.479 0.634 0.738 1.020 

2173 Subcatchment 2173 12.8 0.364 0.469 0.801 1.220 1.580 1.890 2.600 

2175 Subcatchment 2175 10.6 0.405 0.496 0.781 1.140 1.440 1.710 2.300 

2180 Subcatchment 2180 6.8 0.133 0.158 0.241 0.351 0.455 0.524 0.706 

2182 Subcatchment 2182 20.6 0.058 0.076 0.145 0.247 0.350 0.419 0.639 

2185 Subcatchment 2185 22.5 0.107 0.135 0.236 0.379 0.523 0.615 0.881 

M
id

dl
e 

C
re

ek
 

2190 Subcatchment 2190 11.5 0.047 0.056 0.089 0.135 0.182 0.210 0.291 
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Table C 3.2.4 Comparison of Flood Flows for Scenario 1 (pre) and Scenario 3 With Controls (post) 

25 mm 1:2 yr 1:5 1:10 1:25 1:50 1:100 Reg. No.     Point of Interest Km2 
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

1503 East Ck - Headwater Pond 0.309 0.04 0.04 0.08 0.06 0.24 0.29 0.46 0.53 0.70 0.78 0.85 0.93 1.31 1.37 1.84 2.86

1210 East Ck at Mohawk Road 0.384 0.04 0.05 0.09 0.07 0.27 0.36 0.55 0.70 0.85 1.05 1.05 1.25 1.69 1.89 2.44 3.54

1213 East Ck at Node 1213 0.502 0.04 0.05 0.09 0.07 0.27 0.36 0.55 0.70 0.85 1.05 1.05 1.25 1.69 1.89 3.42 4.71

1232 East Ck: Lower Wetland 1.279 0.72 0.04 0.92 0.27 1.55 1.30 2.39 2.29 3.13 3.24 3.72 3.64 5.04 5.05 7.49 9.24

1235 East Ck at Beaverdale Rd 1.332 0.72 0.04 0.91 0.22 1.55 1.19 2.40 2.27 3.13 3.13 3.75 3.58 5.04 5.07 7.85 9.57

1255 East Ck at Speed R outlet 1.607 1.21 0.09 1.52 0.30 2.56 1.63 3.96 3.40 5.22 4.98 6.14 5.54 8.34 8.20 10.3 12.2

2215 Middle Ck at Block Road 1.044 0.67 0.15 0.86 0.38 1.54 1.21 2.45 2.26 3.30 3.45 3.92 3.80 5.46 5.40 6.45 10.8

2228 Middle Ck at Station 11+25 2.069 0.24 0.11 0.35 0.36 0.73 0.86 1.30 1.52 1.92 2.17 2.34 2.59 3.55 3.18 6.43 12.0

2235 Middle Ck at Station 16+25 2.285 0.24 0.12 0.36 0.37 0.79 0.90 1.43 1.61 2.13 2.31 2.61 2.78 4.00 4.14 7.81 13.4

2240 Middle Ck at Node 2240 3.949 0.50 0.36 0.98 0.72 2.54 2.21 4.63 4.11 7.26 6.61 8.73 7.94 13.1 12.1 19.4 28.4

2245 Middle Ck at Maple Grove Rd 4.219 0.53 0.37 1.04 0.78 2.71 2.44 4.97 4.53 7.80 7.25 9.41 8.73 14.2 13.3 21.2 31.1

2260 Middle Ck at Briardean Rd 4.802 0.65 0.42 1.24 0.97 3.18 2.91 5.82 5.54 9.11 8.76 11.0 10.5 16.6 15.9 25.0 36.5

2265 Middle Ck - Inlet Farm Pond 5.330 0.75 0.47 1.40 1.15 3.59 3.41 6.58 6.49 10.4 10.3 12.5 12.3 19.1 18.6 28.6 40.9

2275 Middle Ck at Hunt Club Rd 5.504 1.04 0.48 1.44 1.13 3.68 3.47 6.79 6.66 11.0 10.7 13.2 12.9 19.3 19.6 31.0 42.3

2285 Middle Ck at Speed R Outlet 6.050 0.93 0.48 1.49 0.96 3.64 3.34 6.66 6.68 10.3 10.6 12.7 12.8 19.3 19.4 31.0 42.4

Table C 3.2.3  Summary of Peak Subcatchment Outflows 
Peak Flows (m3/s) 

Creek Node Outflow Location 
Area 
(ha) 1:2 yr 1:5 1:10 1:25 1:50 1:100 REG 

3103 Subcatchment 3103 4.8 0.006 0.018 0.064 0.127 0.187 0.232 0.344 

3104 Subcatchment 3104 21.2 0.152 0.194 0.342 0.549 0.749 0.879 1.240 

3110 Subcatchment 3110 4.8 0.011 0.028 0.086 0.167 0.240 0.295 0.442 

3115 Subcatchment 3115 2.4 0.002 0.005 0.019 0.038 0.055 0.069 0.104 

3120 Subcatchment 3120 4 0.020 0.037 0.093 0.171 0.239 0.293 0.424 

3125 Subcatchment 3125 5.5 0.013 0.032 0.098 0.189 0.272 0.336 0.496 

3135 Subcatchment 3135 11.7 0.041 0.067 0.163 0.297 0.424 0.518 0.772 

3145 Subcatchment 3145 2.4 0.044 0.061 0.115 0.184 0.242 0.295 0.427 

3150 Subcatchment 3150 7 0.025 0.047 0.124 0.230 0.329 0.403 0.589 

3155 Subcatchment 3155 5.2 0.060 0.078 0.139 0.223 0.299 0.354 0.500 

3160 Subcatchment 3160 10.8 0.116 0.141 0.228 0.348 0.463 0.538 0.743 

3170 Subcatchment 3170 1.4 0.044 0.056 0.091 0.137 0.175 0.208 0.282 
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3175 Subcatchment 3175 6.1 0.250 0.302 0.464 0.670 0.843 0.995 1.330 
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Table C 3.2.4 Comparison of Flood Flows for Scenario 1 (pre) and Scenario 3 With Controls (post) 

25 mm 1:2 yr 1:5 1:10 1:25 1:50 1:100 Reg. No.     Point of Interest Km2 
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

3501 West Ck - Loblaws SWM Pond 0.151 0.06 0.06 0.08 0.08 0.22 0.22 0.44 0.44 0.69 0.69 0.82 0.82 1.21 1.21 1.47 1.47

3502 Outlet Seaforth SWM Pond 0.191 0.15 0.05 0.24 0.05 0.68 0.13 1.32 0.72 1.94 1.36 2.34 1.73 3.37 2.80 2.43 2.38

3204 West Ck Start Toyota Divers. 0.680 0.24 0.11 0.47 0.14 1.32 0.80 2.51 1.98 3.71 3.01 4.43 3.63 6.41 5.44 6.48 7.00

3210 West Ck u/s ATS Site 0.848 0.24 0.13 0.49 0.21 1.44 1.01 2.82 2.42 4.24 3.79 5.11 4.59 7.62 6.88 8.03 8.62

3505 Outlet ATS SWM Pond 0.114 0.04 0.04 0.05 0.05 0.12 0.12 0.46 0.46 0.84 0.84 1.07 1.07 1.70 1.70 1.43 1.43

3235 West Ck at Royal Oak Rd 1.222 0.30 0.20 0.56 0.35 1.63 1.34 3.51 3.25 5.46 5.18 6.63 6.28 10.20 9.61 11.40 12.30

3245 West Ck at Highway 401 1.382 0.36 0.21 0.59 0.34 1.63 1.27 3.41 3.18 5.33 5.19 6.45 6.28 10.00 9.63 12.50 13.40

3247 West Ck at Hal Rogers Drive 1.403 0.41 0.22 0.59 0.34 1.63 1.27 3.43 3.19 5.38 5.21 6.51 6.31 10.10 9.70 12.70 13.50

3255 West Ck at Speed R Outlet 1.477 0.66 0.23 0.71 0.35 1.65 1.28 3.37 3.16 5.34 5.19 6.51 6.32 10.20 9.77 13.00 13.80

 

Table C 3.2.5  Water Balance Summary Scenario 2 Without SWM Controls 

    Water Balance Quantities (mm) 

 Node Location 
Drainage 
Area  
(km2) 

Precip ET/SUB Runoff Baseflow Losses Flow 

 1210 East Creek at Mohawk Road 0.384 882.1 290.7 369.8 43.8 177.8 413.6 

 1225 East Creek at Maple Grove Rd 1.023 882.1 318.2 189.6 32.9 341.4 222.5 

 1235 East Creek at Node 1235 1.332 882.1 534.5 70.5 268.6 8.5 339.1 

 1240 East Creek at Beaverdale Road 1.450 882.1 329.7 261.2 288 3.1 549.2 

 1255 East Creek at Speed R outlet 1.607 882.1 335.2 276.4 266.3 4.3 542.6 

 2504 Middle Ck at Middle Block Road 1.044 882.1 334 431.5 61.2 55.3 492.7 

 2228 Middle Ck at Node 2228 2.069 882.1 327.8 462.8 56.2 35.4 518.9 

 2245 Middle Ck at Maple Grove Road 4.019 882.1 323 460.3 52.7 46 513 

 2250 Middle Ck at Speedsville Road 4.303 882.1 323.6 461.5 53.6 43.3 515.1 

 2275 Middle Ck at Hunt Club Road 5.304 882.1 334.8 447.7 58.1 41.6 505.7 

 2285 Middle Ck at Speed R outlet 5.850 882.1 342 428.5 97.7 13.8 526.2 

 3501 West Creek: Loblaws SWM Pond 0.151 882.1 213 659.3 10.1 -0.3 669.4 

 3502 West Creek: Seaforth SWM Pond 0.191 882.1 591.4 162.8 102.9 25 265.7 

 3505 Outflow ATS Swm Pond 0.114 882.1 213.8 644.8 26 -2.5 670.8 

 3235 West Creek at Royal Oak Road 1.222 882.1 337.2 438.4 57.4 49.2 495.8 

 3245 West Creek u/s Highway 401 1.382 882.1 346.4 433.4 59.7 42.6 493.1 

 3250 West Creek at Hal Rogers Drive 1.417 882.1 343 439 94.5 5.6 533.5 

 3255 West Creek at Speed R outlet 1.477 882.1 345.1 438.3 92.8 6 531 
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From examination of Table C 3.2.1 and Figures C 3.2.1, C 

3.2.2, and C.3.2.3 it has been demonstrated that future 

development will require: 

1. Extended detention of the 25 mm runoff volume 

for water quality control. 

2. Water quantity control (post- to pre-) for return 

period storms up to the 100 year event. 

Individual development applications are required to submit 

preliminary stormwater management reports detailing how 

these criteria have been implemented and how they adhere 

to the recommendations of the Hespeler West 

Subwatersheds Study.  

C 3.2.2  Evaluation of Stormwater Practices 

The Ministry of the Environment and Energy (MOEE) 

published the "Stormwater Management Practices Planning 

and Design Manual" in 1994.  This manual provides 

guidelines for the design of SWMPs (stormwater 

management practices) to address the management of 

stormwater quality and quantity.  The selection of SWMPs 

should take into primary consideration the preservation of 

the hydrologic cycle, that is, to maintain infiltration, 

evapotranspiration and runoff characteristics as close as 

possible to existing conditions.  Based on this goal, the 

MOEE have grouped SWMPs into three categories based 

on their form and function i.e., Lot level controls, 

conveyance controls and end-of-pipe controls.  SWMPs 

were screened as discussed below with the most desirable 

form of SWMP listed first. Table C 3.2.6 provides a 

summary of the different SWMPs and an indication of 

which SWMPs will be given further consideration. 

 

Table C 3.2.6  Stormwater Management Practice 

 SWMP Water 
Quality Flooding Erosion Recharge Other 

Long Term 
Effectiveness

*** 

Recommended
for Further 

Consideration

      Temp. Spills Bacteria   
 LOT LEVEL CONTROLS 

 Lot Grading      �  7 Yes 

 Rear Yard Ponding      �  7 No 

 Roof Leader Soakaway Pits      �  6 Yes 

 Oil/Grit Separator (offline or bypass)  � � � �  � 4 Yes 

 CONVEYANCE CONTROLS 

 Pervious Pipes *     *  4 Yes 

 Pervious Catchbasins *     *  3 No 

 Grassed Swales  �   � � � 7 Yes 

 Infiltration Trench **     *  4 Yes 

 Water Quality Trench      *  N/A No 

 END OF PIPE CONTROLS          

 Wet Pond    � *   10 Yes 

 Dry Pond with Forebay    � �  � 7 Yes 
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Table C 3.2.6  Stormwater Management Practice 

 SWMP Water 
Quality Flooding Erosion Recharge Other 

Long Term 
Effectiveness

*** 

Recommended
for Further 

Consideration
 Wetland with Forebay    � *   9 Yes 

 Sand Filter    � �   8 Yes 

 Infiltration Basin **     *  2 No 

 Vegetated Filter Strip  �    � � 5 Yes 

 UV Disinfection � � � � � �  7 Yes 
 highly effective (primary control) 
 limited effectiveness (secondary control) 

� not effective 
* may have adverse effects 
** effective pollutant removal (TSS, nutrients, metals, bacteria) but suspended solids removal reduces their longevity and effectiveness 
*** 1 not reliable; 10 very reliable 
N/A Unknown 
 
ADAPTED from the Stormwater Management Practices Planning and Design Manual, MOEE, 1994. 
 

C 3.2.2.1  Lot Level Controls  

Lot Level Control can consist of the following techniques: 

• rear yard ponding or ponding in swales; 

• subsurface soakaway pits which accept runoff 

from rear yards and/or rooftops; and  

• foundation drain sump pumps to soak away pits 

instead of to the storm sewer. 

Ponding in the rear yards will reduce the volume and 

erosion potential of runoff.  Water ponds until it infiltrates or 

evaporates.  Ponding in rear yards may be considered a 

nuisance since it may take 24 to 48 hours for the water to 

disappear.      

Infiltration should be promoted on public lands to the 

greatest extent possible as this will ensure that the facility 

remains in place while also allowing for long-term 

maintenance issues to be addressed. However, infiltration 

facilities are not to be placed in road rights-of-way as this 

may lead to the deterioration of the road bed. Buffer zones 

and parkland areas are preferred places for the infiltration 

of storm runoff. 

However, private infiltration facilities may also be 

acceptable. Roof leader discharge to soakaway pits 

provides benefits for mitigating the flooding and erosion 

potential of stormwater runoff.  In addition, the soakaway 

pits allow direct infiltration of stormwater runoff from 

rooftops and recharge to the groundwater table (i.e., no 

evaporation losses).  Soakaway pits have been 

implemented in numerous areas (e.g., Toronto, Waterloo 

and Maryland) and have proven successful.  The 

advantage of the soakaway pit is that it causes less 

inconvenience to the homeowner than surface ponding and 

there are no evaporation losses.  The potential for clogging 

is reduced compared to end-of-pipe infiltration techniques 

since it only accepts relatively clean roof drainage.  

Detailed design of these facilities should incorporate a filter 

or screen to prevent debris from entering the infiltration 

facility.  

Roof Leader Soakaway Pits are to be entirely located on 

individual lots and not to straddle lot lines. In general they 

should be constructed to MOEE ’94 standards however, in 
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general, the City of Cambridge prefers that the facilities be 

located 5 metres from structures, 4’ below grade for frost 

protection, above the water table and below the footing. An 

overflow outlet is required to grade. This complex set of 

criteria should be reviewed at the detailed design stage to 

see if all the conditions are met and if not, the report should 

address how the variation is to be mitigated.  The Guelph 

system, consisting of an infiltration trench with an overflow 

to the storm sewer system, is a recommended control 

technique. This system is also applicable to conveyance 

and end-of-pipe systems. In addition, a water budget 

analysis is necessary to warrant development strategies. 

However, due to the limitations of site-specific water 

budgets, infiltration targets for various soils and 

subcatchments have been provided in Table B 1.5.5.  

Homeowners should be provided with education material 

explaining the theory, practice and benefits of soakaway 

pits as they will ultimately be responsible for maintenance 

of the structures. The homeowner should also be made 

aware of location of the facility, maintenance requirements 

(e.g., debris), potential impacts due to building renovation, 

fence and pool construction and the potential requirement 

to relocate the facility. The City of Cambridge Building 

Department currently does not monitor the installation or 

certify the completion of private infiltration facilities. The 

City currently relies on the private consultant to ensure that 

the facility is correctly installed and operational. 

Reduced lot grading from the standard 2% to 0.5% will 

increase the depression storage on lots and therefore 

mitigate the flooding and erosion potential of stormwater 

runoff.  It is recommended that the 2% grading be 

maintained at least 4 metres from the building.  This 

technique can be easily implemented in areas where the 

land is naturally flat.  However, for hilly areas this technique 

may not be feasible.  Ponding on lots may be considered a 

nuisance since it may take 24 to 48 hours for the water to 

disappear. 

Sump pumping of foundation drains to soakaway pits 

instead of directly to the storm sewer will be beneficial for 

mitigating flooding and erosion concerns and enhancing 

infiltration/recharge.  Foundation drainage is relatively 

clean water and removal from the storm sewer system will 

reduce the volume of water which will require treatment. 

Oil/grit separators may be implemented on the lot level for 

commercial/institutional developments.  The oil/grit 

separators provide primary treatment of low flows from the 

site to remove oils and sediment and could be located on 

public property to allow access for City staff to perform 

regular maintenance. 

It is anticipated that a combination of several of the 

measures will be required to meet water quality and water 

quantity targets. Roof leader soakaway pits will be 

implemented for all development areas.  Localized 

infiltration of runoff in park blocks and buffers is also 

required. The following management targets will be 

addressed: 

• volume of runoff (flood and erosion control); 

• infiltration (groundwater recharge); and 

• water quality (temperature, phosphorous, 

bacteria). 

For additional utilization of the stormwater resource, rain 

barrels are recommended. 

C 3.2.2.2  Conveyance Controls  

Conveyance controls can consist of the following 

techniques: 

• perforated pipe systems (such as a modified 

Etobicoke exfiltration/filtration system); 

• grassed swales;   

• pervious catchbasins; 
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• infiltration trenches;  

• water quality trench;   

• oil/grit separators ; and   

• sand filters. 

Perforated pipe systems will mitigate the flooding and 

erosion potential of stormwater runoff.  They will also 

increase the recharge rate to the groundwater table.  A 

perforated pipe system requires some form of pre-

treatment of stormwater runoff to remove sediment to 

reduce clogging potential.  Pre-treatment may be achieved 

via a grassed boulevard.  Historically, perforated pipe 

systems have been unreliable in terms of long term 

performance.   In addition, the exfiltration of road drainage 

without pretreatment has the potential of contaminating the 

regional aquifer since stormwater runoff may contain 

elevated levels of metals, oil/grease and chlorides. 

Grassed swales provide benefits by filtering and 

attenuating stormwater runoff if designed properly.  

Basically, the swales should be designed with wide, flat 

bottoms and a grade of 1% or less.  Check dams may be 

incorporated into the swale to enhance their performance.    

Pervious catchbasins are normal catchbasins with a larger 

sump and are physically connected to exfiltration storage 

media beside the catchbasin.  The sump allows for pre-

treatment of the stormwater runoff.  Pervious catchbasins 

have not been extensively implemented and their 

performance is still being assessed.  As with perforated 

pipe systems, there is the potential of contaminating the 

regional aquifer since road drainage may contain elevated 

levels of metals, oil/grease and chlorides. 

Infiltration trenches may be incorporated into a swale 

system where water is allowed to percolate into an 

infiltration gallery.  They should be implemented for small 

drainage areas with pre-treatment of the runoff provided.  

Historically infiltration trenches have not been reliable 

mainly because a large amount of water is expected to 

infiltrate into a small area and they are susceptible to 

clogging due to sediment in the water. The City of 

Cambridge will not accept infiltration facilities within the 

right-of-way due to complications with the road bed and 

services. Open Space areas may present an opportunity to 

provide additional infiltration should other methods be 

inadequate or unable. 

Water quality trenches were not evaluated in the SWMP 

Planning and Design Manual, however, they have been 

proposed by several developments within the Regional 

Municipality of Waterloo.  The water quality trenches would 

be constructed beneath roadside ditches throughout the 

development.  Road runoff would be temporarily ponded in 

the ditch by check dams placed at catchbasin locations.  

The ponded water will in turn percolate through the topsoil 

layer (average depth of 0.15 metres) into the water quality 

trench.  At a depth of 0.3 metres ponded water will overflow 

the crest of the ditch inlet catchbasin and enter the storm 

sewer system.  Stormwater runoff which has percolated 

through the trench will pass through a gravel and sand 

layer and be filtered and cooled.  A portion of the 

percolated water will infiltrate into the native soils.  A 

discharge pipe near the bottom of the trench will ensure 

that the trench drains in a reasonable period of time in 

anticipation of the next storm. 

This design will not allow the prevention of runoff entering 

the infiltration trench, therefore, there is the potential that 

contaminants entering the system may enter the 

groundwater.  Therefore, this infiltration system will not be 

utilized within the Hespeler West subwatershed due to 

potential impacts to the regional aquifer. 

It is anticipated that a combination of several of the 

measures will be required to meet water quality and water 

quantity targets. Grassed swales will be implemented 

where practical (to be determined at the site development 
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stage).  The following management targets will be 

addressed: 

• reduction in peak flows (flooding and erosion); and 

• water quality (sediment). 

Some form of perforated pipe/infiltration trench system may 

be implemented where possible in order to promote 

additional infiltration across the subwatershed.  The system 

could be the Guelph infiltration system or a modified form 

of the successful Etobicoke exfiltration system where clean 

water passes through a perforated pipe into a stone trench 

and infiltrates to recharge the groundwater aquifer.  If the 

system will be accepting road runoff or other potentially 

contaminated water, then pre-treatment will be required.  

The following management targets will be addressed: 

• volume of runoff and peak flow (flooding and 

erosion); 

• infiltration (groundwater recharge); and 

• water quality (temperature, sediment). 

Three measures are recommended for pre-treatment of 

road runoff before it is allowed to enter an infiltration trench: 

sandfilters, wetlands and manhole oil/grit separators.  

These measures could be used in isolation or combined to 

provide the required level of pre-treatment.  The design of 

the measures would include manual shut-off valves to the 

infiltration trenches to prevent stormwater from entering in 

the event of a spill.  An alternate outlet from the pre-

treatment facility would allow for removal and/or treatment 

of any contaminated water.  Table C 3.2.4 provides a 

summary of the advantages and disadvantages of the three 

pre-treatment measures. The appropriateness of pre-

treatment measures will be reviewed at the Draft Plan 

stage in order to address any site specific issues. 

Infiltration in Open Space areas may also be investigated 

at this time. 

Table C 3.2.4  Advantages and Disadvantages of Pre-Treatment Measures for Road Runoff 

 Pre-Treatment Measure Advantages Disadvantages 

 

Sand Filter Because stormwater must infiltrate through 
layers of soil, sand and gravel there is a 
significant delay from when stormwater enters 
the system to when it enters the infiltration 
trenches.  Therefore, closure of the shut-off 
valves could be completed before any 
"contaminated" stormwater enters the 
trenches.  
 
All sediment will be filtered out of the 
stormwater runoff.  Heavy metals and 
hydrocarbons will also be filtered out since 
they tend to associate with sediment particles. 
 
Will address erosion (reduction in peak flows 
and volumes) and water quality (sediment, 
phosphorus, bacteria, hydrocarbons) 
management targets. 

The maintenance requirements of a sand filter are 
high.  Removal of sediment and litter will be 
required once or twice every year.   
 
The sod and sand layer may require regular 
replacement to ensure that infiltration through the 
filter is maintained.  The frequency of this type of 
maintenance is unknown since sand filters have 
not been used extensively in Canada.  It is 
anticipated that if sand filters are used in isolation 
(i.e., no pre-treatment of runoff before it enters the 
sand filter) more frequent maintenance will be 
required. 
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Table C 3.2.4  Advantages and Disadvantages of Pre-Treatment Measures for Road Runoff 

 Pre-Treatment Measure Advantages Disadvantages 

 

Manhole Oil/Grit Separator During low flow events hydrocarbons and 
large sediment particles will be removed. 
 
Maintenance is easily carried out by 
vacuuming.   
 
System can be readily maintained for 
scheduled maintenance. 
 
Will address water quality (sediment, 
hydrocarbons) management targets. 

Smaller sediment particles will be directed to the 
infiltration trenches. 
 
Proper equipment is required for maintenance 
and disposal of sediment. 
 
During storm events there would be only a short 
delay from when "contaminated" stormwater 
enters the system to when it is directed to the 
infiltration trench.  Therefore some "contaminated" 
stormwater may enter the trenches before the 
valves are closed. 

 

Constructed Wetland Because the design of the wetland includes a 
restricted outlet there would be a delay from 
when "contaminated" stormwater enters the 
system to when it is directed to the infiltration 
trench.  Therefore, closure of the shut-off 
valves could be completed before a significant 
amount of "contaminated" stormwater enters 
the trench. 
 
Removal of accumulated sediment is only 
required once every five years. 
Will address erosion (reduction in peak flows 
and volumes) and water quality (sediment, 
phosphorus, bacteria, hydrocarbons) 
management targets. 

The facility will not remove all sediment from 
runoff, therefore, the finer particles may clog the 
trench over time. 
 
The facility will not remove hydrocarbons except 
that which remains associated with sediment 
particles. 

C 3.2.2.3  End-of-Pipe Controls  

Public end-of-pipe controls can consist of the following 

techniques: 

• wet ponds; 

• wetlands; 

• dry ponds; 

• infiltration basins; 

• filter strips; 

• sand filters; 

• oil/grit separators; and 

•  UV disinfection. 

Wet ponds and wetlands are the most reliable form of 

stormwater management facility.  Both the wet pond and 

the wetland incorporate a permanent pool into their design 

which prevents the re-suspension of sediment and provides 

extended settling.  Aquatic plants assist in the removal of 

pollutants.  Environmental impacts include potentially 

increasing the downstream water temperature.  These 

facilities are recommended for further consideration in the 

development of a management plan. 

Dry ponds have no permanent pool and therefore, the 

removal of contaminants is purely a function of the 

drawdown time.  Re-suspension of the accumulated 

sediments with each subsequent storm is also a concern 

because there is no permanent pool.  Overall, dry ponds 

are less effective than wet ponds for sediment removal.  

However, dry ponds may be more desirable if downstream 

water temperature is a concern. 

Infiltration basins are above ground pond systems that are 

constructed in highly pervious soils.  Water infiltrates into 

the basin and either recharges the groundwater system or 
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is collected by an underground pipe network leading to a 

downstream outlet.  Historically, infiltration basins have not 

had long-term reliability.  One of the main problems is that 

runoff from a large drainage area is expected to infiltrate 

into a small area and they are susceptible to clogging, due 

to sediments in the water.  Infiltration basins will not be 

considered in the development of the management plan. 

Filter strips consist of a level spreader and a variety of 

vegetative plantings which filter the sediment from 

stormwater and encourage infiltration.  Filter strips can be 

effective for small drainage areas (less than 2 ha) and 

should be used in combination with other management 

practices. 

Sand filters can be implemented above ground or below 

ground as part of a storm sewer infrastructure.  Generally 

they are intended for drainage areas less than 5 ha.  Sand 

filters consist of a sand layer within a minimum depth of 0.5 

metres.  A layer of sod (0.15 metres to 0.3 metres) may be 

placed above the sand layer to enhance the appearance of 

the sand filter.  Below the sand layer is a layer of gravel 

0.15 metres to 0.3 metres in depth.  Within the gravel layer 

are perforated pipes which convey filtered stormwater to an 

outlet.  The trench may be encased in an impermeable liner 

to prevent stormwater from infiltrating into the native soils. 

Oil/grit separators as an end-of-pipe treatment are 

generally ineffective as stand alone water quality 

enhancement.  They are most effective for low flow spill 

conditions.  Oil/grit separators as an end-of-pipe treatment 

will not be considered in the development of a 

management plan, but may be considered as part of a 

treatment train within the storm sewer infrastructure. 

UV disinfection can be very effective in reducing bacteria 

levels, particularly where body contact activities (e.g., 

swimming) are planned in downstream reaches.  However, 

there are several drawbacks.  UV disinfection is generally 

only effective during low flow periods and its effectiveness 

is reduced by the turbidity of the water. The decision about 

whether to use UV disinfection or not will be based on 

detailed design of the facility and on-going monitoring. 

It is anticipated that a combination of several of the 

measures will be required to meet water quality and water 

quantity targets. 

Wetlands will be implemented when required, based on the 

level of upstream control.  The following management 

targets will be addressed: 

• flooding (reduction in peak flows); 

• erosion (reduction in peak flows); and 

• water quality (sediment, phosphorous, bacteria). 

Design of the wetlands must consider impacts to the 

receiving water bodies such as temperature and dissolved 

oxygen levels.  Techniques such as shading of the 

facilities, bottom draw outlets and underground gravel 

outlets will be considered at the draft plan level for the 

individual residential, commercial, or institutional 

developments. 

Vegetated filter strips will be considered as tertiary 

treatment to other stormwater management practices.  The 

practicality of implementing them will be determined at the 

site development stage.  The following management 

targets will be addressed: 

• peak flows (flooding and erosion); and 

• water quality (sediment). 

It is recommended that the preceding stormwater 

management practices be implemented before UV 

disinfection is considered for the subwatershed.  Extended 

detention facilities, such as wet ponds and wetlands, are 

capable of reducing bacteria levels.  Their effectiveness 
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should be evaluated through a monitoring program.  If it is 

determined that the number of excedences over a year are 

unacceptable, then implementation of UV disinfection 

should be considered at the stormwater management pond 

locations. 

C 3.2.2.4  Screened Stormwater Management 
Practices  

Based on the preceding analysis, Development Scenario 2 

may be implemented within the subwatersheds with 

restrictions to land use, as discussed in Section C 2.0.  

Future development must implement the necessary 

stormwater management practices and the preceding 

sections have provided a summary of the stormwater 

management practices that will need to be implemented in 

the subwatershed in order that management targets will be 

met. 

In addition, facilities discharging directly to the Speed River 

will require volume control to ensure that the Speed River 

PSW is not impacted.  A scoped EIS will be required to 

address micro drainage issues.  

C 3.2.2.5  Environmental Issues 

To assist in augmenting the erosion control measures, 

Hespeler West creeks should be re-naturalized and a 

buffer established and maintained as development 

proceeds.   

Final discharge points, wetland microdrainage issues and 

infiltration techniques are to be addressed in a scoped site 

EIS at time of development (as per Table D 2.5.1). 

Based on the 39 year simulations and in consultation with 

the project hydrogeologist, Table B 1.5.5 provides 

estimates of the mean annual infiltration requirements (or 

targets) for a selected number of subcatchments. 

Finally, the placement and functional design of stormwater 

management facilities in the lower subwatershed has 

important implications for natural habitats. Current literature 

(e.g., Azous and Horner, 2001, and others) indicates that 

natural wetlands are highly vulnerable to damage from 

alteration of water quantity and quality following 

urbanization of watersheds. Inadequate “functional 

buffering” of these systems from urban runoff typically 

results in reduced vegetation biodiversity (i.e., conversion 

to monocultures), and elimination of suitable breeding 

habitat for key wildlife (especially amphibians). The 

stormwater management strategy should address the 

avoidance of these impacts through a) adequate 

understanding of existing predevelopment quantity/quality 

conditions; b) placement of facility outlets downstream of 

hydrologically sensitive wetland areas; and c) provision of 

adequate buffers between development and wetlands. 

C 3.2.3  Hydrologic Impact on West Creek 

Additional hydrological analysis was performed for West 

Creek to determine the effects of the 1986 development of 

the Toyota Manufacturing facility, which resulted in a large 

portion of the historic West Creek watershed being diverted 

to other drainage systems, including Middle Creek.  The 

only parts of the West Creek drainage area that remain 

upstream of the Toyota site are the Loblaws and Seaforth 

Creamery industrial sites, which are routed around the 

Toyota property through a diversion system that outlets to 

West Creek at the eastern site boundary.  As detailed in 

Appendix D, the existing conditions model was modified to 

represent the ‘pre-existing’ drainage area of West Creek 

(i.e., prior to the development of the Toyota Site).  West 

Creek subcatchments 3101 and 3102 were enlarged and 

Middle Creek subcatchments 2125, 2130 and 2145 were 

reduced to account for the historic West Creek 

subwatershed area.  Table C 3.2.5 summarizes the 

changes to the existing conditions model.  The flood flows 
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generated by the model for pre-existing and existing 

conditions are compared in Table C 3.2.6. 

 

Table C 3.2.5  Subcatchment Modifications for Pre-Existing Scenario 

Existing Conditions Pre-Existing Conditions 
Creek Subcatchment 

Area (ha) % Imp Area (ha) % Imp 

West 3101 15.1 90 74.6 2 

 3102 19.1 81.5 156.7 2 

Middle 2125 51.0 5.7 0.0 - 

 2130 23.3 6.4 20.7 2 

 2145 65.7 90 51.1 2 

 

Table C 3.2.6  Pre-Existing vs. Existing Flood Flows 

Area 
(km2) 2 year 10 year 100 year Regional 

Point of Interest Pre-
Exist. Exist Pre-

Exist. Exist Pre-
Exist. Exist Pre-

Exist. Exist Pre-
Exist. Exist 

3204 West Creek – Start Toyota Divers. 2.655 0.680 1.41 0.47 4.48 2.51 10.6 6.41 17.3 6.48 

3210 West Creek – u/s of ATS site 2.822 0.848 1.42 0.49 4.77 2.82 11.4 7.62 18.6 8.03 

3235 West Creek – Royal Oak Road 3.196 1.222 1.55 0.56 5.49 3.51 13.5 10.2 21.5 11.4 

3245 West Creek – Highway 401 3.356 1.382 1.55 0.59 5.33 3.41 13.5 10.0 22.3 12.5 

3255 West Creek – Speed River Outlet 3.451 1.477 1.56 0.71 5.32 3.37 13.6 10.2 22.6 13.0 

2245 Middle Creek – Maple Grove Road 3.353 4.019 1.47 2.35 5.42 8.10 14.3 20.6 21.7 27.4 

2260 Middle Creek – Briardean Road 3.937 4.602 1.65 2.62 6.19 9.22 16.6 24.0 25.4 33.1 

2285 Middle Creek – Speed River Outlet 5.184 5.850 1.83 2.70 6.75 9.39 18.5 23.8 31.2 38.7 
*Note:  all flows in m3/s

As indicated in Table C 3.2.6, the inclusion of the additional 

197 ha area from the historic West Creek subwatershed 

results in pre-existing peak flood flows in West Creek that 

are substantially greater than existing flows.  Conversely, 

peak flows for Middle Creek are lower in the pre-existing 

scenario than for existing conditions.  This is due to the 

selection of pre-development percent impervious values for 

the modified subcatchments, in addition to a decrease in 

the subwatershed area to account for pre-existing 

conditions. 

The results of the modeling suggest that West Creek 

currently experiences flows in response to storm events 

that are significantly lower than those that occurred prior to 

the development of the Toyota site in 1986.   However, 

although it is currently not exercising this option, Toyota is 

permitted to discharge a portion of runoff from the site to 

West Creek as part of its stormwater management strategy, 

providing that peak flows in the creek do not exceed pre-

development peak flows.  These flow targets were 

determined based on hydrological modeling of pre-

development flows at the location of the diversion system 

outlet from the original stormwater management report for 



 

    
 September 2004 

Page C - 28

the Toyota site (Dillon, 1986).  Table C 3.2.7 compares the 

flood flows from that report with the results from the pre-

existing conditions GAWSER model. 

 

Table C 3.2.7  Comparison of Flows for Toyota Outlet to West Creek 

Pre-Existing Flow - Diversion System Outlet 
Event 

Dillon (1986) GAWSER 
Existing Flow from 

Subcatchments 3101 & 3102  

2 year 0.8  1.41  0.47 
15 year 2.3  2.83  1.32 
10 year 3.5  4.48  2.51 
25 year 5.4  6.26  3.71 
50 year 6.9  7.35  4.43 

100 year 8.8  10.6  6.41 
REG 21.0  17.3 6.48 

 

Table C 3.2.7 shows that the pre-existing flows calculated 

by the two models, at the location of what is now the outlet 

of the Toyota diversion system, are similar.  Therefore, up-

to-date peak flow targets for any future diversion of 

stormwater runoff from the Toyota Site to West Creek could 

be developed by subtracting the existing flow hydrograph 

for upstream subcatchments 3101 and 3102 from the pre-

existing flow hydrograph using the GAWSER model.  

However, the fluvial component of this study has identified 

the entire length of West Creek in its current form as highly 

sensitive to disturbance (refer to Section B 4.0).  Therefore, 

it is recommended that no flow diversion from the Toyota 

site to West Creek be permitted without a detailed 

assessment of potential effects on the downstream channel 

system.  

C 3.2.4  In-Stream Erosion Potential 

Flow exceedance results for Scenario 1 (existing 

conditions) and Scenario 3 (ultimate development with 

controls) are presented in Table C 3.2.8.  A representative 

high value and low value for critical flow were selected for 

each of the fluvial geomorphology study reaches.  Where 

no suitable low critical flow was available, the value was 

taken to be 75% of the high critical flow.  A 39-year 

continuous simulation, as discussed in Appendix D, was 

performed using GAWSER to determine the mean annual 

number of hours that the critical discharge at each reach is 

exceeded.  The resulting values are an index of the 

tendency of the channels to erode their beds. 

The tables show that in-stream erosion potential tends to 

increase substantially for many of the study reaches.  This 

result suggests that post-development stormwater 

management controls are not effective for controlling post-

development erosion potential in East, Middle and West 

Creeks to pre-development levels. However, many of the 

critical flow values used in the analysis are very low 

because of the prevalence of fine bed sediment in most 

areas of all three watercourses. Typical stormwater 

detention ponds such as those modelled for Scenario 3 

(with controls) tend to result in prolonged periods of 

relatively low flow following storm events as the extra 

volume that is collected from developed areas is slowly 

discharged.  These low flows are exceeding the critical flow 

values associated with areas of fine sediment deposition in 
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East, Middle and West, which results in higher exceedence 

levels under post-development conditions. In areas of the 

watercourses where the bed material is coarser and critical 

flows values are higher, the increase in erosion potential 

from post-development conditions is significantly less. 

The fine sediment that predominates the bed material of 

East, Middle and West Creeks is an indication of ongoing 

channel adjustment to upstream factors such as reduction 

in drainage area, agricultural practices, and lack of riparian 

buffers. Given the degree to which channel and basin 

alterations have occurred in each of East, Middle and West 

Creeks, it is not unusual to find that excess fines have not 

fed through the system. This settlement of fines over gravel 

substrate is reflected in the relatively low D50 characteristics 

of the bed material; this in turn is reflected in the 

exceedence values that cannot be controlled for by the 

stormwater management controls. 

From a fluvial perspective, the original channel morphology 

of all sections of East, Middle and West Creeks was a 

result of the balance of forces which arrived from 

precipitation and time delivery of overland and shallow 

groundwater flow to the creeks, while they were under 

forested or open meadow conditions. As time progressed 

and land use changes occurred, changes to delivery of flow 

to the creeks resulted in channel readjustments. As land 

use changes continued, the creeks continued to adjust, and 

are still doing so. In the example of West Creek, the loss of 

drainage area by the creation of the Toyota Complex has 

thrust the channel into a channel evolution model, by which 

the cross-sectional area is decreasing through bank 

collapse. This excess sediment, which is finer than the 

original bed sediment, is harder to move through the 

system because of decreased flows resulting from 

decreased contributing area. Therefore it accumulates and 

spreads as a layer of fines. 

This ‘new’ bed is finer than the original bed. Hydraulically, it 

is therefore easier to entrain than the original bed. Over 

time, as the channel adjusts to the new energy budget 

created from the decreased contributing area, this fine 

material will be flushed out of the system and the original 

bed characteristics will emerge. In other words, the 

hydraulic conditions arising from the model will be 

excessively competent for the sediment size in the channel 

in those areas where major channel adjustments are being 

made: in other areas the model and the sediment 

entrainment (excess shear) calculations are more 

compatible. 

The post-development increase in erosion potential 

suggested by Table C 3.2.8 may actually improve the 

capability for transport of the excess fine sediment that is 

being delivered to the watercourses.   Conversely, the table 

suggests that the increase in erosion potential for coarser 

sediment, which often underlies the fine sediments and 

controls channel form in East, Middle and West Creeks, is 

low or even negligible. Therefore, the proposed stormwater 

management facilities provide an appropriate level of 

control to maintain in-stream erosion potential for channel-

forming coarse sediments while potentially improving the 

ability of the channels to transport excess fine sediment. 
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Table C 3.2.8  Comparison of Mean Annual Flow Exceedences 

 Existing Conditions Ultimate Conditions 
with Controls 

 
Watercourse Location Node Condition

Critical 
flow 

(m3/s) Hours % Hours % 

 Low 0.02 1521 17.4% 2666 30.4% 

 
Reach 1 1235 

High 0.11 59 0.7% 274 3.1% 

 Low 0.03 585 6.7% 1854 21.2% 

 

East Creek 
Reach 2 1240 

High 0.08 141 1.6% 682 7.8% 

 Low 0.22* 254 2.9% 1273 14.5% 

 
Reach 1 2262 

High 0.29 198 2.3% 1099 12.5% 

 Low 0.18 348 4.0% 1402 16.0% 

 
Reach 2 2270 

High 0.99 35 0.4% 37 0.4% 

 Low 0.78* 191 2.2% 69 0.8% 

 

Middle Creek 

Reach 3 2285 
High 1.03 39 0.4% 39 0.4% 

 Low 0.10* 194 2.2% 193 2.2% 

 
Reach 1 3210 

High 0.14 80 0.9% 70 0.8% 

 Low 0.02 1068 12.2% 1533 17.5% 

 

West Creek 
Reach 2 3235 

High 0.09 380 4.3% 595 6.8% 

C 3.3  Natural Heritage and Greenspace 
Systems 

As described in Section C 1.0 of this report, relevant 

Provincial, Regional and City policies form the basis for the 

determination of the natural heritage system to be 

protected within the subwatersheds. The following sections 

present considerations of the form and content of this 

system. 

C 3.3.1  Existing Functions, Attributes and 
Linkages 

As discussed in Sections A and B, the wetland, riparian 

and upland habitat features in the subwatersheds contain 

attributes including plant and animal species organized into 

ecological communities. These features are reliant upon 

and affected by a) physical functions related to ground and 

surfacewater, soils, nutrients, and local microclimate, by b) 

biological functions related to habitat structure (e.g., type of 

cover, age and extent of habitats, migration between 

habitats within and beyond the subwatersheds), proximity 

to other biotic or abiotic features, and by c) the various 

effects of human presence in the subwatersheds. Existing 

land uses in the subwatersheds have a very important 

bearing on the current composition, quality and functions of 

the ecosystem.  

The predominantly agricultural character:  

• provides significant functional benefits, allowing 

many wildlife species to move relatively freely 

between habitats. 

• constrains the movement of some species (such 

as forest interior plants). 
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• favours plant and animal species, that are 

generally tolerant of, or benefit from agricultural 

practices (e.g., agricultural weeds and exotics; 

White-tailed Deer, Raccoons and Canada Goose 

feeding on corn; Red Fox and Coyote reliant on 

field mice and voles). 

• inhibits the development of more extensive 

habitats that could sustain a richer flora and fauna 

(such as marsh-dwelling birds or a wider range of 

forest interior species). 

• is associated with regular landscape disturbances, 

which may degrade natural habitat quality due to 

erosion, use of chemicals, drainage manipulation, 

or impacts from livestock.  

• Existing residential and industrial uses also affect 

plants, wildlife and habitat quality, by: 

 deterring the successful breeding of forest 

interior birds (see Friesen, 1995). 

 causing road kills, or preventing the migration 

of certain amphibians between seasonal 

habitats due to roads or other barriers. 

 favoring wildlife adapted to human 

settlements (Raccoons, Red Fox, Striped 

Skunk, European Starlings, Blue Jays, etc.). 

 exposing wildlife to predation or disturbance 

by domestic pets. 

 exposing habitats and species to the negative 

impacts of noise, light, elevated runoff, and 

contaminants. 

 introducing plant species that are potentially 

invasive (Norway maple, periwinkle etc.). 

 creating impacts on remnant habitats 

(trampling, informal trail development, 

garbage and debris, microclimate alteration). 

Highway 401 traverses a corner the West Creek 

subwatershed, which: 

• contributes to road kills of wildlife species, 

particularly terrestrial species. 

• restricts wildlife movements due to habitats 

fragmented by road embankments. 

• introduces road salt and other contaminants into 

the local landscape, affecting habitat quality and 

reducing species composition. 

• creates road noise which is known to affect use of 

habitats by the avian community when noise 

levels consistently exceed 50 decibels (Forman 

and Hersperger, 1996). 

Regional Road #24 traverses a small area of the East 

Creek subwatershed, in the vicinity of the confluence with 

the Speed River. Due to the raised character of the 

roadway in this area, and the presence of a substantial 

underpass in the area of the confluence, Regional Road 

#24 is not considered to represent a significant barrier to 

wildlife movement. 

C 3.3.2  Management Alternatives 

The management alternatives for the Natural Heritage and 

Greenspace System in the subwatersheds consist of 

increasingly stringent measures to maintain and enhance 

natural features and functions as areas within the 

subwatersheds undergo changes in land use. A brief 

overview of available strategies which can be included in 

alternatives is presented below and in Table C 3.3.1.  

Environmental Impact Studies 

Completion of Environmental Impact Studies or Statements 

(EIS) prior to development is a standard requirement under 

Provincial, Regional and City policies, and is intended to 

guide careful development, ongoing management, and 

monitoring in the vicinity of wetlands and other significant 

natural features. This Subwatershed Study comprises a 

Comprehensive EIS that will set the standards for future 
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development, as prescribed for the Preferred Alternative. 

Under some alternatives, a site specific EIS may be 

undertaken if further refinement of buffer requirements is 

deemed to be necessary.  Section D includes guidelines for 

EIS in key areas of the subwatersheds under the preferred 

management alternative. 

Buffers 

Buffers are spatial separators, barriers (e.g., woody 

plantings, fences), and/or areas with special zoning, 

intended to help ecological systems a) adapt to physical 

changes associated with development, and b) maintain 

their ecological integrity in the longer term under altered 

land uses.  Buffers may be beneficial in urban, agricultural 

or rural residential settings. Buffers ideally should be 

determined on a site specific basis, informed by available 

science. Sometimes buffers are combined with trail 

corridors, or stormwater management facilities; however, 

the impacts of placement of these facilities on adjoining 

features and the overall corridor functions must be carefully 

examined. 

Small private or public spatial buffers (1-10 metres) may be 

used to protect simple situations such as vegetated edges 

with no significant sensitivity issues (e.g., no wet soils, 

closed canopy, tall trees, or specialized habitats). Larger 

buffers (15 to 100+ metres) in public ownership may be 

used to protect features that are reliant on sensitive 

hydrological conditions, that support vulnerable habitats 

and species (e.g., forest interior or area-sensitive wildlife; 

habitats vulnerable to noise, nutrient or road salt impacts), 

or that currently form part of functional wildlife corridors. 

Corridors composed of natural habitats plus buffers may 

have to be quite large to sustain residency by some 

species (e.g., 0.6 km wide to support resident White-tailed 

Deer - Harrison, 1992). Buffers require regular monitoring 

and management, to ensure that they are not rendered less 

effective by urban impacts. 

Buffers adjacent to watercourses and wetlands are 

generally intended to be maintained in early successional 

cover (i.e., dominated by shrubs and herbaceous cover), to 

retain their water quality enhancement functions over time.  

However, buffers in conjunction with Enhancement Areas 

(see below) have a reduced need for intervention due to 

the overall width of protection from sensitive core features.  

Buffers are an effective tool which will likely be utilized to a 

varying extent throughout the subwatersheds.  Specific 

recommendations for buffer dimensions are discussed 

under Natural Heritage System Alternatives in Section C 

3.3.3.  The following discussion provides the rationale for 

the application of buffer and enhancement standards within 

the subwatersheds.   

Field information from the present study indicates that most 

of the wetlands in the upper subwatershed areas are reliant 

on relatively flat topography and shallow water tables which 

are perched on finer textured soils, fed by seasonal flows 

originating from upstream, and occasionally by shallow 

groundwater flows (interflow) from the surrounding 

agricultural lands. South of Maple Grove Road, discharge 

situations were very common on all three creeks, 

representing substantial deposits of coarse textured soils 

over impermeable layers as well as bedrock.  

Wetland conditions (i.e., hydric soils, seasonally high water 

table, and hydric vegetation) and associated upland forest 

are evident in irregular habitat mosaics associated with the 

East, Middle and West Creeks, ranging from minimal cover, 

to broad bands of natural cover up to 0.5 km in width. 

These gross corridor dimensions do not take into account 

the Regional Floodline, setbacks required to protect fish 

habitat, or requirements to achieve stable natural channel 

form.  

Wetland boundaries are generally indicative of historic 

limits beyond which active agricultural use of the land was 
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impractical due to wet soils.  Seasonally wet soils in 

agricultural fields beyond some wetland limits may warrant 

more protection around particularly sensitive features as 

shallow storage around the wetland usually helps to sustain 

moisture levels within the wetland through the year. 

Based on preliminary site knowledge and averaged soil 

conditions, buffers of 30 metres around core wetland and 

upland features would accommodate the majority of 

shallow groundwater functions (i.e., storage, water quality 

buffering and shallow flows) that sustain key habitats. This 

dimension is based on the assumption that rural and 

industrial uses will predominate in the vicinity. Intensive 

residential development may require additional depth to 

maintain corridor functions in constrained areas. 

Requirements for subsequent studies as part of scoped 

Environmental Impact Studies will be presented in Section 

D.  

Assuming future industrial and residential uses, a 30 metre 

minimum buffer is considered generally adequate to protect 

treed areas and to provide filtration of sediments and 

nutrients, assuming that the buffer is maintained in 

meadow or early shrub succession.  

Buffer protection is a key concern, as degradation of the 

buffer will eventually impact the actual feature that it is 

protecting.  From an environmental perspective, physical 

delineation may or may not be preferred. Should the threat 

of encroachment be minimal or non-existent with a highly 

educated public, fencing would not be necessary.  On the 

other hand, excessive encroachment and misuse of trails 

and open spaces would necessitate the requirement for 

fencing.  Encroachment can take the form of dumping, 

informal trail development or extending the grass cutting 

area beyond the legal property limits.  Regardless of the 

actual need, there is always a need to know where the 

limits of the buffer are, whether for park staff or for the 

adjacent landowner.  In addition, boundary knowledge will 

result in trail systems that limit access to sensitive areas. 

Options for the protection or delineation of buffer areas can 

include the following: 

1 No active delineation. Adjacent landowners 

(homeowners or companies) may 

independently choose to delineate their 

properties. 

2 Fencing of all buffer areas. This could occur 

with implementation by the City prior to 

development or by the developer at the time 

of development. 

3 “Living fences" or areas of dense plantings 

will provide a natural definition and barrier to 

encroachment. 

4 Concrete bollards located at key points (e.g., 

boundary direction changes or visible areas) 

can create the required level of property 

demarcation.  

5 Public education about the sensitivity and 

benefits of the feature and the buffer will allow 

users to make informed decisions about their 

actions.  While local citizens may choose to 

protect their environment, those from further 

away may not be aware of the feature or have 

a different environmental value set with 

respect to the local feature. 

It is difficult to make a recommendation within the scope of 

this study and without the benefit of knowing what the 

future plans are.  From an environmental perspective and 

from past experience in buffer management, we can state 

that some encroachment will occur. However, it may not be 

reasonable to expect the City to fence or bollard all 

environmental areas nor to implement the full fencing of the 

features by future development.  Such actions, at least 
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those that would be required by developers, would still not 

fully encircle the feature. 

Therefore, as a minimum, an educational program should 

be implemented and bollards should be installed to 

delineate the open space areas. Selective fencing may be 

required at high traffic areas. Further recommendations on 

fencing requirements and standards should be prepared 

during the Community Plan or during development 

application when additional detail is available. In 

conjunction with the recommended trail strategy, this will 

allow for maximum flexibility at future stages. 

A 30 metre buffer may be inadequate to sustain the 

movement of wildlife through narrower sections of the 

stream/wetland corridors, or to sustain breeding 

populations of migratory amphibians such as Spring 

Peeper which pass most of their lives in upland woodlands 

outside the spring breeding season. Upland forest is 

relatively uncommon in the watershed due to past 

agricultural encroachments. Therefore the expansion of 

upland cover in buffers and enhancement areas, will 

benefit sensitive species which use habitats transitionally in 

the longer term. 

A minimum 30 metre buffer around natural features in 

areas of the subwatersheds that will remain rural, is 

considered generally adequate. It is assumed that 

development in the rural areas will consist of isolated 

residences, septic systems, and occasional barns and 

outbuildings. Scoped EIS will be recommended when any 

development occurs within 30 metres of a wetland or 

upland woods to ensure that grading or changes to runoff 

do not affect the feature.  If more concentrated 

development is to occur such as groups of buildings or 

larger-scale livestock barns, site-specific buffer needs 

should be reviewed in a scoped EIS whether or not the 

development in proposed within 30 metres of any natural 

feature. 

Core Natural Areas, Corridors and Linkages 

Natural heritage systems in southern Ontario are typically 

composed of three components, namely: core natural 

areas such as large woodlands or wetlands, corridors that 

form major connections between core areas, and linkages 

which are secondary connections that enhance overall 

functions. While core natural areas provide the primary 

habitat for plants and animals to prosper and sustain 

regional populations, corridors and linkages allow them to 

sporadically or regularly intermingle and exchange genetic 

material. This exchange is critical to the long-term viability 

of most species resident to those areas, by strengthening a 

population’s ability to survive catastrophic events such as 

predation or disease. Linkages allow populations to be re-

colonized should they suffer such a local extinction event. 

In general terms, the larger and more numerous linkages 

are, the more likely populations are able to survive over 

extended periods of time. However, it should be noted that 

corridors and linkages are not always advantageous; they 

may expose certain species to excessive levels of 

predation during migration.  

The need for connectivity applies equally at all 

geographical scales, from local site level linkages, to 

regional or provincial scale corridors (based on 

physiographic and/or topographic features) such as river 

systems, (e.g., Speed and Grand Rivers) the Niagara 

Escarpment or Oak Ridges Moraine. Recognizing this, two 

main types of corridors and linkages are identified as part 

of this study; those that that help connect existing natural 

heritage features contained within the subwatersheds, and 

linkages that connect broader natural heritage systems 

outside but adjacent to the Hespeler West subwatersheds.  

While many wildlife species prefer to use the shelter and 

relative security provided by vegetated systems such as 

hedgerows and tributary corridors when moving between 

core areas, agricultural fields and successional open 
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spaces also either support adjoining linkages or serve as 

important terrestrial linkages in their own right. Since 

seasonally unvegetated areas are typically the first to be 

developed, this places even greater importance on the 

protection and enhancement of existing vegetated linkages 

from both an ecological and planning perspective. 

If linkages and/or corridors are to be truly effective, special 

attention must also be placed on mitigating the negative 

effects of existing barriers, the most significant of which are 

major roadways. The larger the roadway (i.e., number of 

lanes), the higher the traffic volumes, and the greater the 

vehicle speeds, the greater the barrier to species trying to 

cross them. In addition to the most obvious impacts of 

roads (i.e., road kills), roads fragment and isolate 

populations because of their physical structure, noise, and 

high traffic volumes. 

The other barriers to movement (for some species) are 

areas that simply lack natural cover. In the Hespeler West 

subwatersheds, these include existing built areas (primarily 

industrial, but also residential), and agricultural fields. While 

agricultural fields provide far greater opportunities for 

dispersal than do the developed urban environments, 

enhancement or rehabilitation may be required to make 

linkages that straddle these areas more viable to a greater 

diversity of species. Linkages and corridors need to satisfy 

the life history requirements of all the species that intend to 

utilize them. Examples range from simple naturalization, to 

selected plantings, to the creation of specific habitats such 

as small ponds, or even wildlife-friendly underpasses 

(culverts). 

Linkages of a functional nature also exist between physical 

resource characteristics (catchment area, topography, soil 

texture, nutrients in runoff) and biological systems (plant 

communities and reliant species, reliant wildlife species).  

In the Hespeler West subwatersheds, wetland cover is 

strongly reliant on surface runoff and storage and, in the 

lower subwatersheds, groundwater conditions within 

individual subcatchments. The maintenance of these 

linkages between the physical and biological systems is 

critical to the protection of habitats reliant on groundwater 

recharge and discharge. The primary tools to protect these 

linkages include a) adequate buffers around features to 

ensure that existing hydrological relationships are 

maintained; and b) the planning of infrastructure to avoid 

any major change to hydrology and water quality as it is 

concentrated for discharge into receiving watercourses. 

Habitat Enhancement and Rehabilitation 

Natural habitats may be enhanced in area, diversity, 

connection or function to make them more sustainable 

within an overall natural heritage system. Former 

agricultural uses may have encroached into areas that, 

because of slopes, drainage or overhanging tree cover, are 

considered too sensitive to support urban uses.  More 

extensive habitat cover may be necessary to maintain 

existing species (e.g., area sensitive wildlife) or to maintain 

functions (e.g., shallow groundwater movement, and 

dispersal or seasonal migration of wildlife species) in an 

urbanizing context. Habitat enhancement may extend into 

the urban landscape, represented by native plantings along 

secondary trail linkages, in naturalized open spaces, and in 

streetscapes to improve urban habitat, maintain beneficial 

seed sources, and reduce ongoing maintenance. 

Habitat enhancement generally encompasses a wide range 

of activities including: 

• Rehabilitation to address a broad range of 

physical and biological conditions such as soils 

disturbed by past activities, altered channel form, 

or removal of invasive species.   

• Restoration of authentic native habitats through 

the reintroduction of forest, shrub and herbaceous 
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species, and/or the management of aggressive 

introduced species and monocultures.  

• Naturalization of manicured areas, which is the 

reduction in maintenance levels, possibly in 

combination with plantings  

• Reforestation, which involves the planting of 

trees at sufficient densities to eventually yield a 

forest canopy. 

Habitat rehabilitation may be desirable where past 

development has removed or degraded existing habitats. In 

some cases rehabilitation may include removal of 

aggressive or weedy species that have overtaken habitats 

and reduced diversity. In the case of man-made ponds or 

altered stream channels, restructuring or conversion to 

other types of habitat, may yield positive benefits and 

reduce long-term management requirements. 

Enhancement Areas are identified in the lower 

subwatersheds in locations that would benefit most from 

enhancement activities. Longer-term enhancements in the 

upper subwatersheds could increase the size of core 

habitat areas, improve the range of available habitats, and 

improve linkages between habitats within and beyond the 

subwatershed boundaries. The area located along the 

northern boundary of the subwatersheds is considered a 

potentially important node that links the Speed River valley, 

Hespeler West subwatershed, Chilligo Creek (Ellis Creek) 

subwatershed and the Grand River valley corridor. 

Rehabilitation opportunities include the removal or 

reconfiguring of constructed ponds, restoration of channels 

to natural form and flood functions, improvement of riparian 

connections across local roads, and control of invasive 

plant species (e.g., purple loosestrife, European and 

Glossy Buckthorn, Norway maple, garlic mustard). 

 

 

Complementary Land Uses 

The placement of certain land uses in the vicinity of natural 

habitats may enhance connectivity under urbanized 

conditions. Parkland, seasonally-used playing fields, lands 

associated with places of worship; community centres or 

cemeteries can supplement buffer and enhancement 

strategies.  Stormwater management facilities are already 

being developed to service new industrial lands, and may 

be placed within the complementary or enhancement land 

use area if a) there are no direct impacts on hydrology or 

water quality of adjoining wetland units, and b) they do not 

constrain the corridor functions of the enhancement area.  

The use of low-traffic local streets to define the transition 

between residential and open space uses is generally 

preferable to backing lots directly onto buffers around 

sensitive open space areas. This assumes that the buffer is 

encouraged to regenerate to successional cover over time, 

and that unregulated pedestrian access is discouraged. 

Stewardship Programs and Areas 

Stewardship programs involve cooperative activities by 

residents, farmers and landowners to expand habitats in 

deficient areas, pick up garbage and debris, detect and 

control undesirable uses, and provide ongoing monitoring. 

The Hespeler West subwatersheds are suited in some 

respects to stewardship programs due to the presence of 

an existing agricultural community, and local residents. The 

involvement of industrial landowners in such programs will 

likely be a particular opportunity of the lands in the upper 

subwatersheds. The initiatives by a local industry on Royal 

Oak Drive to develop trails and integrate naturalized space 

around stormwater facilities is an excellent example of the 

opportunities that will exist as industrial uses are expanded.   

Areas of concentrated stewardship activity would be those 

where existing residential and industrial development are 

close to core features and watercourses. 
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Table C 3.3.1  Natural Heritage and Greenspace System Management Strategies 

 Measure Advantages Disadvantages 

 

Buffers • Public buffers help define land use 
transition (ecotone) from urban to natural 
uses, thereby reducing encroachment and 
aesthetic conflicts. 

• Public buffers facilitate monitoring and 
maintenance. 

• Buffers may supplement habitat diversity. 
• Buffers help increase breeding bird 

success. 
• Buffers help reduce adjacent disturbance-

related impacts on wildlife. 
• Buffers can reduce invasions by 

introduced weedy plants that spread 
vegetatively. 

• Buffers are favorable for trail 
development. 

• Adequate buffers can effectively reduce 
impacts of runoff quality (sediments & 
nutrients). 

 

• Buffers may reduce developable land. 
• Buffers on private lots are problematic to monitor, and subject 

to illegal encroachments. 
• Buffers require commitments to maintenance and monitoring in 

order to remain effective over time. 
• Buffers cannot reduce the impact of invasive plants spread by 

birds and other wildlife. 
• Buffers can only partially mitigate development impacts on 

runoff quantity. 
• Buffers are usually inadequate to sustain existing corridor 

functions through new urban areas unless they are very 
substantial. 

• Large buffers are required to attenuate noise, temperature and 
light impacts from urban areas. 

 

Habitat Enhancements • Habitats can be easily enhanced through 
naturalization and/or planting. 

• Habitat enhancement within the regional 
floodline does not affect development 
land. 

• Strategically located habitat. 
enhancements will strengthen linkage 
function between core areas. 

• Consistent corridor width will improve 
functions under urbanized conditions. 

• Expansion of core habitat areas with 
naturalized cover would benefit habitats & 
species in subwatershed. 

 

• Enhancements may reduce developable land. 

 

Habitat Rehabilitation • Physical changes to ponds and channels 
will improve wetland sustainability and 
potentially reduce longer-term 
maintenance. 

• Can strengthen linkage functions.  
• Provides a focus for ongoing volunteer 

activities and sense of ownership. 
• May help offset some impacts of 

surrounding development. 

• Changing context of surrounding lands (rural to urban) may 
limit potential benefits. 

• Physical changes will be initially cost-intensive. 
• Rehabilitated areas may reduce amount of developable land. 

 

Complementary Land Uses • Minimizes the loss of development land. 
• Allow transition from regular to intermittent 

and seasonal uses (e.g., playing fields). 
• Trail networks and other open space uses 

can be better integrated. 

• May be difficult to negotiate (e.g., location of schools and 
parks in neighbourhoods). 

• Certain uses may create perceived conflicts (e.g., fear of 
wooded areas becoming ‘hangouts’). 

• Placement of manicured areas close to natural areas or ponds 
may lead to water quality issues (concentration of Canada 
geese). 

 

Stewardship Programs Involvement of local residents, industrial and 
rural landowners, and farmers contributes to 
long term system health. 
Reduces management interventions and 
facilitates monitoring. 
 

Stewardship needs commitment to ongoing coordination and 
involvement by the City, agencies, and private 
citizens/groups/corporations. 
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C 3.3.3  Natural Heritage System Alternatives 

Table C 3.3.2 summarizes three Natural Heritage System 

alternatives, as well as a ‘do nothing’ option. The following 

is a brief summary of issues and considerations in regard 

to each alternative.  

Option 1 – No Buffers 

This option would place development in direct proximity to 

natural features, and would have significant impacts on the 

composition, structure, hydrology and functions of the 

system over time. The lack of buffers would definitely result 

in immediate impacts during construction, and successive 

impacts over time.  Option 1 would not meet the intent of 

the Provincial Policy Statement or relevant Regional, City 

and Grand River Conservation Authority policies. 

Option 2 –30 Metre Buffers  

Based on averaged soil conditions, a 30 metre buffer 

“threshold” would accommodate the majority of shallow 

groundwater functions (i.e., storage, water quality buffering 

and shallow flows) that sustain key habitats in wetlands.  

The buffer could potentially be reduced (minimum of 15 

metres recommended) adjacent to upland habitat with 

successional cover.  However, where such reductions 

would constrain corridor functions in an urban context, they 

would not be permitted.  Requirements for subsequent 

studies as part of scoped Environmental Impact Studies 

are presented in Section D. 

The 30 metre minimum buffer is considered adequate to 

mitigate the protection of treed areas, and to provide 

filtration of sediments and nutrients assuming that the 

buffer is maintained in a meadow or early shrub succession 

stage.  Option 2 would limit direct urban impacts; indirect 

impacts such as noise, light, and disturbance of wildlife by 

pets would also be moderated.  However, 30 metres is 

considered inadequate to sustain the movement of wildlife 

through narrower sections of the stream/wetland/upland 

corridors, or to sustain breeding populations of migratory 

amphibians such as Spring Peeper which pass most of 

their lives in upland woodland outside the spring breeding 

season. 

Under Option 2, a minimum 30 metre buffer also would be 

applied around wetland features in the rural areas of the 

subwatershed.  In this case, a scoped EIS would be 

recommended when development is proposed within 30 

metres of a wetland or upland forest to ensure that grading 

or changes to runoff do not affect the feature.  If more 

concentrated development is to occur, such as groups of 

buildings or larger-scale livestock barns, site-specific buffer 

needs should be reviewed in a scoped EIS whether or not 

the development is proposed within 30 metres of any 

natural feature. 

In our opinion, Option 2 would not meet the intent of the 

Provincial Policy Statement, or relevant Regional, City and 

GRCA policies, because of its inadequacy to mitigate the 

loss of existing agricultural matrix and corridor functions in 

areas of the subwatersheds that will undergo intensive 

industrial or residential development. 

Option 3 – 30 Metre Buffer and Enhanced Corridors 

This Option would supplement the provisions of Option 2 

(i.e., 30 metre buffers) with placement of enhancement 

areas and (where feasible) complementary land uses 

adjacent to corridors. The goal would be to create a 

consistent natural corridor through the urban portions, 

containing enhanced upland and successional cover as 

well as wetland. This option would be most effective with 

respect to accommodating sensitive local hydrology, 

seasonal wildlife movements and breeding, and trail 

development following urbanization of the surrounding 
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lands.  Through enhancement, linkages would be added to 

ensure adequate connections to outlying rural lands in the 

upper subwatersheds, and to other habitats outside the 

subwatersheds. 

On other grounds, it is considered that minimum buffers of 

30 metres will not sustain current levels of landscape 

connectivity that exist in the rural portions of the 

subwatersheds, when they are converted to an urban 

context. Common wildlife species such as White-tailed 

Deer and Coyotes may create nuisance issues with 

residential or industrial uses unless a viable wildlife corridor 

is created. In this respect Option 2 (30 metre buffers) may 

be inadequate where corridor width is inadequate. Human 

proximity effects including noise, light, and pets typically 

reduce habitat usage by neotropical forest birds unless 

buffers of at least 100 metres are provided; buffers of up to 

300 metres may be required to sustain nesting by species 

such as Mallards (Norman, 2000). Direct human 

encroachment into natural woodlands may exceed 60 

metres (Matlack, 1993), and natural area encroachment 

behind residential lots is typically on the order of 80-90% in 

southern Ontario municipalities where this has been 

studied (e.g., Kitchener, Oakville, Mississauga). The 

provision of enhanced corridors (e.g., 100 to 300 metres in 

width) would help to offset these impacts, and sustain 

relatively unimpeded wildlife movements.  

Different corridor enhancements are desirable according to 

intended functions and ecosystem trajectories, as follows: 

• Primary Linkages of 100-300 metres (minimum) 

width that can sustain interior and interior edge 

species and significantly moderate future urban 

and human proximity effects. 

• Local Linkages of 50 metres (minimum) that help 

maintain riparian functions along constrained 

corridors, and provide some connectivity to nearby 

core features.  

The application of these standards is shown conceptually 

on Figure C 1.2.1 and its implementation is discussed in 

Section D 1.1 (Greenspace Management Strategy).  

Although the impacts of landscape conversion from an 

agricultural to an urban matrix cannot be fully mitigated 

under Option 3, it would retrofit the existing corridors with 

substantial additional habitat and buffering to balance the 

conversion of the surrounding agricultural matrix. If upland 

habitats are established effectively within the enhancement 

and buffer areas, there will be a gain in utilization by 

sensitive species requiring transitional habitats over a 

period of years. The creation of a more substantive ‘critical 

mass’ and diversity of habitat under Option 3 would more 

effectively offset the indirect impacts of urban proximity 

than buffers alone (i.e., as proposed under Option 2). 

In our opinion, Option 3 would meet the intent of the 

Provincial Policy Statement, and relevant Regional, City 

and GRCA policies.   

Figure C 3.3.1 and Map 3 present the Greenspace 

Management Strategy, including protected natural areas, 

buffers, and recommended enhancement and stewardship 

areas.  The Middle Creek system is seen as the primary 

opportunity for a major connection between the Grand 

River/Chilligo Creek systems and the Speed River through 

the study area.  The sections which follow discuss the 

recommended components (Environmental Constraint 

Areas, Existing Environmental Policy Areas, Enhancement 

Areas, Stewardship Area, and Buffers).  Key components 

of the recommended Greenspace Management System, 

which are based on the issues, principles, concepts and 

management alternatives discussed in the preceding 

sections are as follows:  
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• Middle Creek Corridor and Secondary 
Linkages north of Maple Grove Road:  The 

combination of core habitats, 30 m buffers, 

enhancement areas and stewardship areas are 

considered desirable to provide an overall future 

corridor (i.e., comprised of the five components) 

with a width in the range of 200 (minimum) to 

approximately 500 metres wide, and 

enhancement connections to major natural 

features on East Creek and beyond the 

subwatershed boundary.  This would create an 

ecosystem within which urban and human 

proximity effects would approximate those present 

under existing rural conditions, and where interior 

species would be largely sustained.  

• Middle Creek Corridor and Secondary 
Linkages between Maple Grove Road and the 
Speed River:  Consolidation of habitats, buffers, 

enhancement areas, and stewardship areas to 

create a consistent ‘corridor’ (i.e., comprised of the 

four components) of approximately 100 metre 

width would moderate urban and human proximity 

effects, and sustain movements of interior-edge 

species.  Other local connections of approximately 

50 metre width would be desirable between core 

features that are not currently connected to the 

main channel. 

• East Creek Corridor and Secondary Linkages:  

A minimum ‘corridor’ (i.e., comprised of buffers, 

enhancement areas, stewardship areas and core 

habitats) of approximately 50 metre width would 

be desirable to maintain riparian functions and/or 

provide local connectivity between isolated core 

features.  

• West Creek Corridor and Secondary Linkages: 

This is a local feature currently of sufficient width 

(i.e., more than 50 metres wide) and of an incised 

nature such that its local linkage function can be 

maintained through the placement of the 30 metre 

buffer.  Its connection to the Speed River system, 

currently impaired by Highway 401, can be 

improved by enhancement uses located east of 

Speedsville Road.  Other local connections of 

approximately 50 metre width would be desirable 

between core features that are not currently 

connected to the main channel. 

C 3.4  Hespeler West Trail Strategy 

C 3.4.1  Introduction 

The majority of the Hespeler West study area is comprised 

of (potential) industrial lands with a limited mixture of 

housing existing and open space/ greenway. Development 

in the Hespeler West area will be predominantly 

industrial/commercial such as the Loblaws Distribution 

centre on the corner of Fountain and Maple Grove Roads.  

Development such as this will be typical for the area and 

will create challenges and opportunities in providing a trail 

system.  A trail system that takes advantage of buffers 

between large built lots in this developing area could satisfy 

a number of objectives in addition to environmental issues. 

Informal trails and pathways occur within the study area, 

particularly along the north side of the Speed River.   To 

assist with planning for formalized trails at the Community 

Plan stage, the subwatershed plan has identified general 

opportunities and constraints for trails based on 

environmental findings.   

There are various opportunities within the study area to 

create trails and links to a wide assortment of destinations 

in the immediate area.  Typical destinations are places of 

employment, schoolyards, parks and connections to larger 

trail systems.  Future trails for this area would be multi-use 

(pedestrian and cycling) and to current City standards.  
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Figure C 3.4.1 shows existing park/trail facilities and a 

“Conceptual Trail Strategy” based on environmental 

findings of this study.  The trail system will be finalized at 

the Community Plan Stage and this document provides 

environmental design guidelines toward that end. 

C 3.4.2  Previous Trail Study Findings, 
Directives and Recommendations 

Potential trails for the Hespeler West study area are made 

reference to in the 1996 Cambridge City-Wide Multi-Use 

Trail and Cycling Route Study, as well as the 1993 

Riverbank Long Range Concept Development Plans, 

Development Plans for the Preston and Hespeler 

Communities and the Cambridge Bikeway Network Study, 

June 1999. 

The Multi-Use Trail Study notes a potential trail route 

extending from the end of Hunt Club Road crossing 

Highway 401 and terminating at Riverside Park.  A trail 

route is also noted running along Royal Oak Road and 

passing Park Lawn Cemetery on Fountain St (Map 3).  The 

only existing municipal trail in this area is the Mill Run Trail 

which follows the Speed River from Clemens Ave. in 

Hespeler to Riverside Park in Preston. 

Riverbank Long Range Development Plans for the Preston 

and Hespeler Communities established a concept for an 

integrated and linked hikeway/bikeway system along the 

Grand and Speed Rivers, uniting the communities of 

Hespeler, Preston, Blair and Galt, within the City of 

Cambridge.  It identifies trail routes and links at the 

railway/Blackbridge Road, along the ponds/creek and 

crossing the rail line to the Mill Pond, along the north-west 

side of the CP rail line, and around the Speed River Mill 

Pond, including a proposed crossing of the eastern end of 

the Mill Pond/Speed River which would connect this area to 

Brewster Trail and the Hespeler East community.  

The Cambridge Bikeway Network Study, June 1999, 

makes reference to the Hespeler and Preston area in the 

following context.   

A proposed on road paved shoulder bike lane is noted for 

Beaverdale Road, Maple Grove Road, Fountain Street, 

Speedsville Road, and Allendale Road (Map 4).   

There are also proposed additions noted on Map 1 to the 

proposed Regional Cycling route already established along 

Allendale Road, Fountain Street and Mill Run Trail.  The 

Regional routes are currently being finalized. 

C 3.4.3  Existing Trail Systems 

The Mill Run Trail is the only existing trail in the vicinity of 

the Hespeler West area.  It runs along the north side of the 

Speed River from Beaverdale Road to a trailhead at the 

corner of Clemens Avenue and Sheffield Street.  From 

there, trail users are directed along Sheffield Street to 

Guelph Avenue, which leads to downtown Hespeler.  

Currently, the trail surface is stone dust with small sections 

of boardwalk.  The trail wanders through the trees with a 

width of approximately 2 to 3 metres. 

The trail crosses from the north side of the Speed River to 

the south side using the Beaverdale Road vehicle bridge.  

West of Beaverdale Road, the trail runs along the south 

side of the Speed River, crossing Highway 401 under the 

Speed River bridge.  This section of trail is surfaced with 

crushed limestone approximately 1.5 metres wide.  The 

section immediately east of the highway crossing is 

narrower as it runs along the bank of the highway; 

however, the boardwalk under the bridge is wide and solid.  

West of Highway 401, the surface of the trail deteriorates 

somewhat until the Speedsville Road crossing.  From 

Speedsville Road, the trail continues on a better surface, 

crossing a bridge over the Speed to reach Riverside Park.  

An interpretive trail in the park is accessed from the Mill 
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Run Trail just west of the bridge, and the Mill Run Trail 

eventually ends in another area of the park. 

Informal trails lead away from the Mill Run Trail at various 

points, particularly east of Beaverdale Road.  These trails 

are generally used to access the banks of the Speed River.  

It is also noteworthy that the sight lines at the Beaverdale 

Road crossing are poor as the rise of the road over the 

bridge obstructs the view of oncoming traffic.  Upgrading of 

this trail may be considered, such as pavement, safety 

measures at road crossings and linkage to future trails.  

The Mill Run Trail is found on Figure C 3.4.1 as “Existing 

Trail.” 

C 3.4.4  General Opportunities and 
Constraints 

C 3.4.4.1  Trail Planning Principles 

The following general design principles have been 

prepared in discussions with Steering Committee members, 

city staff and the Study Team: 

• To identify ecologically based trail system 

constraints which avoid or minimize intrusions and 

impacts on sensitive features taking into account 

ecological functions such as soil hydrology and 

wildlife movements, i.e., keep trails out of 

Provincially Significant wetlands. 

• To identify localized community trail opportunities 

through and along natural areas between places 

of residence, work, recreation, and points of 

interest; and to identify linkage opportunities and 

constraints to existing and potential open spaces 

and trail systems within and outside the study 

area. 

• To identify opportunities and constraints for on-

road pedestrian and cycling connections. 

• To identify opportunities and constraints for Trail 

Loops.  While trail loop options are possible 

throughout the site, trails that cross sensitive 

wetlands are discouraged and should be 

minimized. Trail loops should not isolate or 

fragment wetland areas nor should excessive trail 

looping systems be provided in natural areas. Trail 

loop opportunities exist along hedgerows that run 

north-south as well as east-west. 

• To identify opportunities and constraints with 

respect to trail building and maintenance. 

• To identify interpretation and education 

opportunities. 

C 3.4.4.2  Environmental Considerations 

In addition, the following environmental opportunities and 

constraints should be noted: 

• Trail routes should avoid or minimize impact on 

the creeks and major wetland areas and areas of 

rare or sensitive plant and animal species. Some 

areas will be identified for no trail development 

while other areas will be identified for trail use 

subject to acceptable distance setbacks.  

• Trail routes are preferably located along naturally 

occurring ecotones (changes in habitat). This way, 

the fragmentation of individual habitat types is 

kept to a minimum. There may be some 

disturbance to species that normally occur along 

edges but for the most part, they are common 

generalist species.  

• Where possible, hedgerows will be used to 

separate trails from existing habitats and to 

provide a buffer to potentially more sensitive 

areas. In some cases, it may be prudent to create 

or enhance a natural buffer by planting native 

trees and shrubs.  This may also assist in 
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ensuring a wide base trail for safety 

reasons/perception of safety. 

• Minimize the disturbed area of trail routes 

recognizing the development and maintenance 

requirements of current City standards for trails.  

• Minimize mowed edges of trails where possible 

and the proximity to the sensitive environmental 

feature warrants this approach.  This will need to 

be accomplished while balancing the need for trail 

development and maintenance requirements and 

guidelines for safety. 

• Stonedust (limestone screenings) for trail 

surfacing is preferred over asphalt, recognizing 

that asphalt may be required where steep slopes, 

winter maintenance or other trail needs have been 

identified.  Asphalt trails may have greater setback 

requirements and may be subject to Scoped 

Environmental Impact Statements. 

• Trail route location should assist in controlling 

access to natural areas to minimize undesirable 

impacts. 

• Lighting of trails in natural areas is discouraged.   

• Where appropriate, servicing corridors may be 

used for trail routes recognizing initial construction 

and future servicing maintenance needs, and 

these opportunities should be explored as part of 

environmental study/review of such servicing 

corridors. 

C 3.4.4.3  Interpretive Opportunities 

Interpretive opportunities, which could present information 

on wildlife, the nature of the watercourse, local ecology, 

rehabilitation efforts, local historical areas and groundwater 

issues, can be incorporated into trail routes in natural areas 

include: 

• Any trail development adjacent to Middle, East or 

West Creek could present opportunities to 

educate trail users about the interactions between 

the hydrogeology of the creeks and their corridors, 

• Through the identification of unique habitats along 

the proposed trail routes interpretive locations 

could be identified and developed, 

• Trail routing would take advantage of Historical 

areas such as Idylwild Park as a potential 

interpretive historical location. 

• Close proximity to the Chilligo Creek Conservation 

Area and future trail development proposed within 

the Hespeler West area would provide interpretive 

opportunities as well as providing a destination for 

trail users within the Greater Hespeler and 

Preston area. 

• The proposed Country Side Line could provide a 

significant opportunity for interpretive areas as 

well as a major East-West trail corridor linkage.  

C 3.4.5  Trail Routing Opportunities 

During our on site investigation we observed numerous 

locations that offered interesting views and experiences in 

natural and rural settings.   

Wildlife observations, and bird watching in particular, can 

occur throughout all the natural areas.  Bird watching is 

promoted by providing trails and views adjacent to or 

through a variety of habitats, including areas of open water 

for waterfowl, marshes supporting wetland species, or old 

fields and woodlands that contain songbirds. 

Specific viewing areas or features along the trail should be 

limited in natural areas and situated to minimize 

disturbance and impacts. For average trail users, 

placement of the trail through a range of successional 

edges will usually provide adequate viewing opportunities.  
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A significant amount of on road bike lanes and sidewalks 

have been identified in the Hespeler West area.  Although 

a significant portion of the area is currently or will be 

developed as industrial land there still exists opportunities 

for on road trail users to take in views and vistas along the 

proposed on street routes. 

Interesting views have been documented as opportunities 

for trail routes as well as potential trail routing options. 

Parts of these views may be impacted by eventual 

development of the area but merit consideration when 

locating trails.  These locations and the corresponding 

location numbers are shown on Figure C 3.4.1. 

Trail Opportunity Location 1 (see Photograph C1 and C2) 

The following picture was taken looking East down Ratcliffe 

Road which currently terminates in a cul de sac.  As noted 

in the middle right of the photograph the road way has 

significant width to accommodate trail users along its 

shoulder. The picture below shows the existing informal 

trail developed at the end of Ratcliffe Road towards the 

East.  This condition was also noted at the end of Starr 

Crescent and Burnham Crescent and indicates the 

necessity for trail links in these locations. 

Trail Opportunity Location 2 (see Photograph C3) 

The following picture was taken looking West down the 

access road to the Arriscraft property.  Although the entry 

and roadway was noted as private property there could be 

an opportunity to provide a trail alignment along the 

shoulder of the access road.  This entry road and its usage 

as a publicly accessible trail should be explored in 

partnership with Arriscraft.  This access road also provides 

a direct link the open space area along the Speed River 

adjacent to the Arriscraft property. 

 

Trail Opportunity Location 3 (see Photograph C4) 

The following picture was taken at location number 3 noted 

on Figure C 3.4.1 looking southeast at the corner of 

Briardean Road.  This access road links to the Arriscraft 

property and skirts a wetland area to the north-west.  This 

location provides a unique vista of the surrounding area 

and also could be a potential interpretive area due to its 

close proximity to the existing wetland area to the north-

west.  Using the access road as a potential trail route 

should be explored with the property owner, and the 

potential of an on-street route along Briardean Road should 

be explored here as well. 

Trail Opportunity Location 4 (see Photograph C5) 

The Mill Run Trail along the south side of the Speed River 

is a major trail linkage to Riverside Park as well as 

Cambridge and the surrounding communities.  Beaverdale 

Road is the ideal on-street route to link the Hespeler area 

to the surrounding communities through the existing Mill 

Run Trail.   

Trail Opportunity Location 5 (see Photograph C6) 

Boxwood Drive adjacent to the Toyota plant is a potential 

on-street trail linkage with opportunity for a off route link to 

the West Creek area.  The vista to West Creek here is 

exceptional and the creek’s current geomorphology lends 

to potential trail development.  Buffer areas proposed 

surrounding this portion of the creek should facilitate trail 

development and exploit potential interpretive areas along 

the trail route while still providing protection for the creek.  

Destination Opportunity Location 6 (see Photograph C7) 

Park Lawn Cemetery location along Fountain Street should 

be incorporated into the trail routing for this area as a 

potential destination point.  The lush, landscaped grounds 
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of the cemetery would provide an inviting and relaxing 

respite for the weary biker.  This destination point would 

have to be linked via an on-street route.  This could be 

problematic due to the speed of motorists along Fountain 

Street which would merit a dedicated bike lane or paved 

shoulder to facilitate increase bike usage. 

Trail Opportunity Location 7 (see Photograph C8 and C9) 

The vistas along Middle Block Road to Middle Creek are 

exceptional. The flat topography allows for long vistas to 

Middle Creek and provide a distinct contrast to its heavily 

vegetated edges.  The provision of a dedicated bike lane 

as well as rest area(s) would allow trail users to fully 

appreciate the natural beauty along this potential trail route. 

Destination Point Trail Opportunity   

Although located outside of the study boundary the winding 

road alignment of Speedsville Road gives varied views and 

vistas as one travels along it.  Certain portions of the road 

provide restricted vistas which open onto exceptional 

sweeping views as noted in the picture above.  With 

numerous views such as the one noted above this portion 

of Speedsville Road could be considered as destination 

point and merits an on road dedicated bike lane to allow 

bicyclists opportunity to appreciate the natural beauty of 

this area.   Unfortunately, the highway bridge is a constraint 

to bike and pedestrian movement from Riverside Park/Mill 

Run Trail.  This bridge would have to be upgraded or an 

alternative pedestrian bridge provide to allow for proper 

movement. 

C 3.4.6  Trail Options 

Internal Trail System 

There are several opportunities to provide a looped trail in 

the area of Ratcliffe Drive, Burnham Crescent, Hunt Club 

Drive and Starr Crescent serving these neighbourhoods 

and the adjacent Hespeler and Preston areas.  Trail routes 

in these areas could link with trail routes provided along 

buffer areas adjacent to Middle, West and East Creeks 

creating a north-south axis that could link to the future 

proposed “Country Side Line” or the Speed River.  The 

surrounding on-road cycling routes would augment the off-

road loop system. The provision of trails within the buffer 

areas of the creeks would be determined at after further 

examination of ecological and geomorphological 

constraints at the Community Plan stage or with a scoped 

EIS.  

Gaining access to the open space adjacent to the Arriscraft 

property is key in establishing a trail spine along the Speed 

River.  The Mill Run Trail is well established on the south 

side of the Speed River, however the north side of the 

Speed River is lacking a formal trail route.  The provision of 

a trail along this side of the Speed would create East-West 

spine that could connect the Hespeler West area to the 

Speed.  Linking this trail to the Mill Run Trail could also 

create a looped trail system encircling the Speed from 

Speedsville Road to Beaverdale Road as well as linking the 

Hespeler area to the Cambridge core.  Partnerships with 

property owners should be explored that facilitate trail 

development in these areas. 

In discussions with the City of Cambridge there was a good 

possibility the “Country Side Line” could become a reality.  

The provision of this feature would create a significant 

East-West spine that the Hespeler West area could link 

into.  The provision of such a feature should be fully 

explored and if realized would highly benefit trail 

development in the Hespeler as well as the surrounding 

areas. How trail development would work in this area 

should also be determined after further review of the 

ecology and geomorphology of the area. 
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In discussions with City of Cambridge staff it was noted that 

a large community park sport facility may be considered for 

the Hespeler West area.  Upon determining the location of 

such a facility trail development should be designed to 

allow a direct linkage to the facility and the looped trail 

network proposed within the Hespeler West area.  Also, a 

dedicated bike route lane along the on-street route of the 

facility would promote access to the site via bicycle.  

A component of a Trail Strategy could be the development 

of smaller loops which can function as “Lunch Hour” 

destinations for local employees. 

Trail System Connections to Adjacent Areas 

Pedestrian and cycling linkages to off-site destinations will 

be addressed at the Community Plan stage.  These 

destinations include employment areas, schools, parks, the 

Hespeler Town Centre, Preston urban fabric and other 

trails both present and future.  These pedestrian linkages 

may be off-road, on-road or more likely a combination of 

both.   

One tremendous opportunity that would offer greatest 

benefit for a future off-road and off-site trail link would occur 

if access was gained to the Arriscraft lands adjacent to the 

Speed River.   

Linkages to the Chilligo Conservation Area and Riverside 

Park should be explored as these areas could become key 

destination point for trail users in the Hespeler West area.  

Improvements to the Speedsville Road bridge or a 

pedestrian bridge across the Speed River linking this area 

to the Mill Run Trail would assist in proper pedestrian/bike 

movement. 

 

Ecological Characteristics Influencing Trail Route 
Options 

Any proposed trail routing will take into account the location 

of significant ecological features and functions. Trail routing 

will avoid conflicts with existing features or functions 

deemed significant.  

Natural Corridor Access and Connections 

To integrate future residential and industrial development 

with the major open space associated with East, Middle 

and West Creeks, trails should connect to natural corridors 

at connection points along its perimeter.  This could include 

the use of existing roads (such as Ratcliffe Drive, Starr 

Crescent and Burnham Crescent and Hunt Club Road).  

The provision of the trail along the Speed River should also 

be explored however access points to the river should be 

minimized in order to avoid potential disturbances of flora 

and fauna.     

On-street routes should provide safe entry into natural 

corridors. The provision of signage and markings at 

potential natural corridor access points should be provided 

where necessary as well as facilities for trail users (i.e., 

garbage receptacle, bench etc.).   

Access to trails within the natural corridors along East, 

Middle and West Creeks should be functional but limited.  

Too much access may lead to excessive trail density and to 

degradation of the wetland corridor.  “Unofficial” trails may 

result from inappropriate trail placement/access locations.   

C 3.4.7  Conceptual Trail Framework 

Based on site opportunities and constraints, agency 

concerns and trail design principles, a conceptual trail 

framework has been included in this study as described 

below and presented on Figure C 3.4.1. 



 

    
 September 2004 

Page C - 47

North-South Axis:  The north-south axis of the Hespeler 

West trail system will primarily follow on street routes.  

Secondary off-road trails will be provided within buffer 

areas along East, Middle and West Creeks.  Access points 

to these trails will be provided at numerous locations to 

facilitate trail user entry. The off-road trail linkages will link 

to the proposed Country Side Line to the north and the 

Speed River to the south.  Adjacent communities would be 

accessed through on street routes to the east and west of 

the site.  

A long-range future potential node is noted adjacent to the 

Grand River at the extreme north of the plan. This node is 

contingent on a bridge crossing the Grand River in the 

area.   

East-West Axis:  The east-west trail axis for this area 

would again follow primarily on-street routes.  Off-road trails 

would be provided along the Speed River (providing 

property owner cooperation) and within the proposed 

“Country Side Line”.  Trail development in these areas 

would have to be coordinated with additional studies to 

avoid potential conflict with existing significant natural 

features.   

Trail Access Points: Trail access points have been noted 

at the Hunt Club Drive, Ratcliffe Drive, Starr Crescent and 

Burnham Crescent as there is already informal trail 

development noted in these locations.   

On-road trail access points have been noted where 

potential exists for linking to proposed off road trail within 

buffer areas adjacent to East, Middle and West Creeks. 

These access points coincide with areas of visual interest 

or potential interpretive locations. 

Trail Construction:  Within the PSWs buffer and creek 

buffer areas it is recommended that all trails be stonedust 

or natural material.  Asphalt can be considered within these 

areas for conveying pedestrian traffic during winter months 

(which necessitates snow maintenance) subject to findings 

at the Community Plan Stage and a scoped EIS.  This 

should be reviewed at the Community Plan stage when 

additional information is known about the nature and extent 

of development.   

Future Environmental Impact Study Requirements:  
The conceptual trail framework has been identified as 

environmentally preferred. Trail location opportunities in the 

approximate location shown on Figure C 3.4.1 will ensure 

that there will be no adverse ecological impacts.  Asphalted 

trails are not recommended within creek/wetland setback 

but may be allowed within the 30 metre buffer but outside 

the 15 metre buffer subject to a scoped EIS.  A natural 

(limestone screening or woodchip surface) trail should also 

remain outside of the minimum 15 metre setback from any 

wetland boundary or creek system. 

Trail routing, as identified on Figure C 3.4.1 within the 

wetland buffer and natural areas, will not require any 

further study other than field evaluation of a final location.  

The identification of additional crossings, asphalting of 

trails, or additional trails within the identified wetland and 

creek setbacks and buffer areas at the Community Plan 

stage will require a scoped EIS to be completed. The 

Scoped EIS will need to address: 

• Site specific trail locations, taking into account 

sensitive flora and fauna as well as other integral 

biological and physical functions; 

• Mitigation opportunities (native planting as visual 

screens, etc.); 

• Micro-drainage issues (i.e., culvert/bridging 

requirements, permeable trail base etc); 

• Site specific buffer requirements; 

• Trail surfacing material and construction (i.e., 

asphalt vs. stonedust); 



 

    
 September 2004 

Page C - 48

• Trail access points from the urban fabric; 

• Maintenance (snow removal, mowing of edges 

and verges, tree pruning, timing of activities with) 

in relation to critical ecological or wildlife functions; 

and, 

• Construction methodology. 

C 3.4.8  Conclusions 

The conceptual trail framework is consistent with objectives 

of previous studies both in terms of location and character 

while addressing the environmental opportunities and 

constraints within the study area.  This framework 

illustrates “opportunities” and there is no expectation that 

all trails described would be developed.  This trail 

framework would have minimal impact on the character of 

the Hespeler West natural areas. 

Figure C 3.4.1 “Conceptual Trail Framework”, graphically 

portrays the following conclusions:  

1. Further information from the Community Planning 

process will influence the final trail network.  

2. Placing trails outside of the 15 metre wetland or 

15 metre stream setback has placed a strong 

emphasis on environmental protection. 

3. Providing a variable loop trail system option 

adjacent to residential and industrial development 

will allow users access to trails within their general 

area, providing them with linkages to adjacent 

trails and points of interest (i.e., Speed River, 

Chilligo Conservation Area). 

4. Development of any trails on private property 

would be subject to the consent and approval of 

the private property owner. 

5. A significant portion of the trails within the 

Hespeler West area will be multi purpose on-road 

routes.  Roads being reconstructed should be 

retrofitted with bike lanes or paved shoulders.  

Future roads should also be developed with bike 

lanes in the right-of-way to accommodate bicycle 

traffic. 

6. Access points and connections to roads and 

institutional/residential areas should be finalized at 

the Community Plan stage. 

7. A potential pedestrian bridge over the Speed 

River could provide a linkage to surrounding 

communities as well as marking the Hespeler 

West area a destination point for other trail users.  

8. The provision of the “Country Side Line” would 

create a long-term trail axis from the Hespeler 

West area to the surrounding adjacent 

communities.  How this feature would be designed 

and how trail routes would be incorporated within 

its boundary will be determined at the Community 

Plan level and will also merit a scoped EIS of the 

proposed “Country Side Line” lands. 

9. During planning and review of servicing options as 

part of the Community Plan and Environmental 

Assessment process, opportunities for 

incorporating trails as part of the initial 

construction and ongoing maintenance needs of 

such servicing corridors should be reviewed as 

part of a comprehensive assessment. 

10. Trails are to be designed, constructed and 

maintained to current City of Cambridge trail 

standards. 

11. Development of the final trail plans at the 

Community Plan Stage is to be reviewed by the 

Cambridge Trails Advisory Committee prior to 

adoption. 

A Community Trail system will be considered through a 

comprehensive trail analysis at the Community Plan stage.  

The general goals of the trail system are: 
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• to encourage passive recreational use of least 

environmentally sensitive or most resilient natural 

areas; 

• to provide non-motorized options for people in a 

way that is efficient, convenient, enjoyable, and 

reasonably safe; 

• to channel pedestrian traffic away from areas of 

special ecological sensitivity, steep slopes, areas 

of erosion, and to discourage the creation of new 

unauthorized trails; 

• strive to achieve pedestrian and wildlife safety in a 

natural setting; 

• to provide opportunities for the appreciation of 

nature; 

• to provide interpretive opportunities that educate 

the public as to the environment that surrounds 

them; 

• to design trail treads with pervious material; 

• to provide a healthier, better informed, 

appreciated, human/environment relationship; 

• to facilitate efficient maintenance by parks staff; 

and 

• to provide connection to existing and future 

communities and to serve as links in the trail 

network spanning Cambridge. 

Public participation through the Community Plan process 

will assist in the trail system planning. 

C 3.5  Agricultural Management Systems 

C 3.5.1  Biophysical Component 

Much of the subwatershed has soil materials which have a 

high amount of sand and silt. These materials are often 

relatively loose and structureless and, when found in 

combination with topographic differences and/or are not 

stabilized by vegetative cover, are prone to erosion by wind 

and water. In addition, the number of different soils found in 

combination with different slope and drainage classes 

result in a highly variable landscape.  The variable 

landscape requires different agricultural Best Management 

Practices within relatively small areas of the subwatershed.  

On a practical basis, this means that a number of different 

management practices would potentially need to be applied 

within a single farm field.  This complex management 

requirement would explain, in addition to the biophysical 

characteristics of the soils, the reason for a significant 

amount of soil erosion observed within the sloping areas of 

the subwatershed.  The erosion is exacerbated because of 

the planting of row crops. 

C 3.5.2  Social Economic Component 

Approximately one-third of the subwatersheds are in 

agricultural production.  In the agricultural area, the land is 

predominantly used for the production of common field 

crops which provide relatively low economic returns for 

farmers.  The best economic returns are for those farmers 

who raise specialty crops and sell directly to the public.  

The subwatersheds contain sod operations that have direct 

public sales. 

The subwatersheds do not contain high value infrastructure 

such as greenhouse operations but has the infrastructure 

associated with a research station. 

C 3.5.3  Recommendations 

Given the information summarized in the previous sections, 

recommendations for programs in the subwatershed can 

be grouped into five general categories as follows: 

• Do nothing. 

• Initiate a general rural public education program. 

• Link programs to the GRCA Rural Water Quality 

Program and/or to work programs completed or in 
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process at the University of Guelph/OMAF 

research station. 

• Optimize results and dollars spent through site 

specific rehabilitation efforts. 

• Design a subwatershed specific program with the 

assistance of the University of Guelph/OMAF 

research station (part of the station is located 

within the subwatershed). 

The “do nothing” recommendation would suggest that there 

are no significant problems related to agriculture and found 

within the subwatershed.  Field observations indicate 

otherwise. Therefore, existing programs assisting farmers 

with information and with financial assistance/incentives for 

the application of Best Management Practices (BMPs) 

could be encouraged extensively within the subwatershed.  

The application of assistance associated with BMPs would 

need to be applied in areas of greatest need.  For example, 

application of incentives could be based within the areas 

where erosion is observed to be the greatest and where the 

results of the erosion are most likely to cause problems 

with water quality.  The identification of areas with the 

greatest need would require additional study. 

Changes in the Official Plan designation of agricultural 

lands within the subwatershed will require Official Plan 

Amendments with consideration of all aspects of the PPS.  

However, if provincial policy is to be followed and 

agricultural policy is hypothetically considered to be more 

important than other policies, then the poorer agricultural 

lands which are adjacent to built-up areas would be 

developed first.  This policy-related sequence or 

hierarchical classification of agricultural land would suggest 

that the better agricultural lands within the subwatershed 

are likely to remain in agricultural use the longest.  Thus, 

these better lands should be the ones considered when 

plans are initiated to improve management practices on 

agricultural land.  This issue, and other PPS issues would 

be considered during the OPA process.  In addition, 

dialogue/discussions, which would provide information 

about the time frame estimated for urbanization, are 

recommended with farmers and farm groups.  In this way, 

farmers could make more pragmatic cost-effective 

decisions about the timing, amount and location(s) 

associated with the application of Best Management 

Practices.  

Given the agricultural characteristics of the study area as 

well as land ownership, any proposals for the improvement 

of terrestrial ecosystems will need the acquiescence but 

preferably the “buy in” of farmers.  Therefore, any 

proposals to improve ecosystem linkages, to improve 

habitat or to rehabilitate ponds or wetlands must consider 

the needs and wishes of the agricultural community.  (e.g., 

Waterloo Federation of Agriculture.) 

Existing stewardship programs aimed at the agricultural 

community can be grouped into three broad categories, 

which are: 

• educational; 

• monetary incentives; and 

• disincentives (generally monetary but may take 

another punitive forms). 

All three categories are utilized in Ontario for environmental 

components of soil, air, water, forested land and wildlife.  

Educational approaches, or methods that have been called 

persuasion or moralsuastion in the literature, are preferred 

when dealing with private agricultural lands.  Education 

takes the form of free booklets such as those published by 

OMAF and listed in Table I1, Appendix I.  Alternatively, 

there are demonstration sites on farms throughout the 

Province, including a number of locations in Waterloo 

Region.  Demonstrations available in Waterloo and 

adjacent Counties [as described in the South Western 

Ontario Land Stewardship Demonstration Areas Catalogue 
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(Grand River Conservation Authority web site, 2001)] 

include but are not limited to: 

• grass waterways; 

• permanent streambank buffer strips; 

• manure storage and handling facilities; 

• milk house waste treatment; 

• sensitive land retirement; 

• erosion control; 

• cattle fencing by streams; 

• spill containment facilities; and 

• conservation tillage. 

In addition, methods for the preparation of environmental 

farm plans are available in a program administered by the 

Agricultural Adaptation Council and delivered locally by the 

Ontario Soils and Crop Improvement Association (OSCIA).  

(http://www.gov.on.ca/OMAFRA/english/environment/efp/ef

p.htm - see Table I1, Appendix I or are presented as part 

of workshops by OMAF. 

Monetary incentives related to conservation programs 

change regularly depending on the budgets of municipal 

through to federal governments. Programs included or 

currently include opportunities for grants or for the supply of 

low cost loans to pay a portion of costs associated with the 

construction of approved manure storage facilities or for the 

implementation of environmental farm plans, for example. 

Currently, the Rural Water Quality Control Program 

administered by the GRCA is supplying funds for projects 

as diverse as treatment of milk house waste through to 

sensitive lands retirement. Another current program 

administered by OMAF is called Healthy Futures for 

Ontario Agriculture and will pay up to 50 percent of the cost 

associated with projects that will maintain or improve water 

quality (see also Table I2, Appendix I). 

Disincentives are described as part of legislation such as 

the Nutrient Management Act  (2001), the Environmental 

Protection Act at the provincial level as well as within the 

Federal Fisheries Act. The application of educational 

programs in addition to monetary incentives and 

disincentives are a function of government will, policies and 

budget.  At the individual farm level, adoption of Best 

Management Practices that will result in good water quality 

and quantity outcomes are a function of individual values, 

farm economics, interest and the number of people 

involved in decision-making.  In the latter instance, for 

example, where tenants use farms, application of 

conservation programs has the potential to be more difficult 

because more people and different interests are involved in 

the application and maintenance of the conservation 

program.  While some people are of the view that tenants 

are less likely to employ Best Management Practices, 

scientific proof of such a relationship is difficult to find.  

However, application of conservation programs on private 

lands that will improve water quality is likely to be more 

difficult with a number of people involved in the decision 

increases. 

Existing stewardship programs tend to be limited as well as 

discontinuous (temporally and geographically) depending 

on the funding available from different levels of 

government.  Generally, the federal government makes 

money available for specific scientific studies associated 

with stewardship while government at the provincial and 

municipal levels (including the GRCA) tend to make some 

funds available for the application of a limited number of 

measures designed to meet specific objectives associated 

with stewardship.  In other words, some programs deal with 

concepts while other programs deal with practical 

application at the individual farm level. Because the funding 

at the applied scale tends to be less than 100 percent, is 

also contingent on a set of rules, and, as mentioned 

previously, is discontinuous; the choice or recommendation 
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of a program of application is most practically made at the 

time the funds are first made available.  Therefore, no 

specific recommendations have been made as part of this 

report. On a practical basis, recommendations related to 

programs can best be made at the time of possible 

implementation based on the programs available at that 

time. 

Agriculture consists of a number of components that can be 

described as biological, physical, social and/or economic.  

Which of these components is most important, that is, 

which component has the greatest or highest value, varies 

within communities.  Thus, any management strategy 

associated with the subwatershed will need to consider a 

broad cross-section of different values.  Therefore, it is 

recommended that public or private meetings for the farm 

community or individual farmers be held where these 

meetings have the specific objective of defining a preferred 

management strategy related to agriculture. 
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DO-NOTHING
(No Buffers) (30 m Buffers) (30 m Buffer, Enhanced Corridor) ALTERNATIVE

Description
 •  •  •  •

Policy Compliance  •  •  •  •

Impacts to Vegetation  •  •  •  • Low impact.

Impacts to Wildlife  • High impacts to wildlife due to encroachment 
effects, loss of edge habitat, reduced landscape 
porosity, likely loss of wildlife diversity and area 
sensitive/forest interior breeding bird species.

 • Moderate impacts to wildlife due to encroachment effects, 
loss of edge habitat, reduced landscape porosity; potential 
loss of wildlife diversity and breeding bird species.

 • Low to moderate impacts to wildlife due to encroachment effects, 
loss of edge habitat, reduced landscape porosity; potential changes 
of wildlife diversity and breeding bird species; potential long term 
gain in diversity due to creation of upland habitats in Enhancement 
Area.

 • Low impact.

Impacts to Functions  •
 •  •  • Low impact.

Impacts to Future Land Use  • No limitations beyond regulatory requirements.  • Loss of development opportunity.  •  •

 •  •  •  • No public trail access.

 •  •  •  • No impacts on wildlife.

OVERALL EVALUATION

Legend  

         Lowest Impact/    Low to Moderate                          Moderate        Moderate to High                      Highest Impact/
Most Preferred                                                             Least Preferred

No new development; no impacts on 
existing natural features.

High impacts to functions: groundwater, habitat 
diversity, connectivity, seasonal migration and 
dispersal.

No development within 30 m buffer around natural features, 
or within regional floodline, whichever is greater. Stormwater 
management facilities should be located outside buffers 
where possible; any development within buffers subject to 
Scoped EIS.

No development other than trails within 30 m buffer around wetland 
features, or within regional floodline, whichever is greater. 
Enhancement areas to be naturalized to create overall corridor 
width of minimum 200 m on Middle Creek, 50 m on East Creek. 
Permitted uses within Enhancement Areas include active/passive 
recreation, stormwater management facilities and complementary 
land uses. Any development within buffer subject to scoped EIS.   

High impacts to edge vegetation, encroachment 
effects (see text ), altered hydrology, altered water 
quality; likely loss of significant plant species.

Development outside staked limits of natural 
features or regional floodline, whichever is greater, 
within the subwatershed.

Low to moderate impacts to functions: connectivity, seasonal 
migration and dispersal; potential gain in function for some forest 
interior plants.

Trail & Recreation Impacts

Not fully compliant with Provincial, Regional, City 
and/or GRCA policies.

Trail location within PSW subject to Scoped EIS. 

No change in land use. Landscape 
matrix remains largely influenced by 
agricultural & rural land uses and local 
industrial.

Complies with Provincial, Regional, 
City and/or GRCA policies.

Loss of development opportunity; constraints on land uses in 
vicinity of wetland corridor, buffers and enhancement areas.

Trail location within PSW subject to Scoped EIS. 

Complies with Provincial, Regional, City and/or GRCA policies.

Low to moderate impacts to existing vegetation due to altered 
hydrology, potential loss of significant plant species, spread of 
invasive species.

Table C 3.3.2  Evaluation of Alternative Natural Heritage System Options
OPTION 2OPTION 1 OPTION 3EVALUATION FACTOR

Trails will create low to moderate impacts on wildlife; subject to 
Scoped EIS.

Trails will create low to moderate impacts on wildlife; subject 
to Scoped EIS.

Trails will create moderate to high impacts on 
wildlife.

Not fully compliant with Provincial, Regional, City and/or 
GRCA policies.

Low to moderate impacts to existing vegetation due to 
altered hydrology, potential loss of significant plant species, 
spread of invasive species.

Moderate to high impacts to functions: habitat diversity, 
connectivity, seasonal migration and dispersal.

Trail location constrained by seasonally wet 
conditions; extensive boardwalks necessary. 



Table C1.4.1  Summary of Opportunities and Constraints 

Factor Importance General Issues Constraints Opportunities Relational Impacts 
AQUATIC SYSTEMS (CREEKS AND PONDS)  
Aquatic 
System 

Definition of Component 
 
The aquatic system includes fish 
habitat and fish communities, as 
well as benthic invertebrate 
communities.  The biological 
communities are largely determined 
by the physical environments that 
are present and by water quality 
and temperature.  Important factors 
include base flow, stream 
morphology and riparian and 
aquatic vegetation.   
 
The aquatic communities contribute 
to biodiversity in the subwatershed, 
contribute to fish productive 
capacity within the sub-watershed 
and potentially in the adjacent reach 
of the Speed River.  There are also 
linkages to the terrestrial 
communities (i.e., fish eating birds). 
 
How have we assessed this area: 
 
Background information has been 
assembled from documents and 
files with the City of Cambridge, 
Grand River Conservation Authority 
(GRCA), Ministry of Natural 
Resources (MNR), and the Regional 
Municipality of Waterloo (RMOW).  
This has been helpful in the 
characterization of specific stream 
habitats and of the fish communities 
associated with specific features. 
 
Aerial photographs have been used 
to delineate the extent of stream 
habitat types that were identified 
during field investigations.  Field 
studies have been conducted in 
2001 and 2002 to: 
 
• Verify extent of stream habitat 

types. 
• Determine fish communities 

GENERAL 
Constraints upon fisheries within the 
study area are associated with: 
 
• Baseflow (permanence of flow has 

major impacts upon fish 
community). 

• Channel form/size. 
• Barriers to fish migration. 
• Water quality/temperature. 
 
SPECIFICS 
 
• Flow in the Hespeler West Creek 

Systems is intermittent except in 
the reaches closest to the Speed 
River.  Thus fish use upstream 
from that point is seasonal at 
most, except in those ponds that 
do not go dry.   

• The small size of the creek 
channel, particularly its shallow 
form, limits the size and amount of 
fish that it can support. 

• Barriers to fish migration at 
several points along the creek 
prevent fish from taking advantage 
of seasonal habitats or re-
colonizing after periodic harsh 
conditions. 

• A waterfall on East Creek 
prevents fish passage. 

• On line ponds create barriers and 
water quality impacts. 

 
Water temperature and quality can 
influence aquatic biota. 

1. Base flow is present 
only in the lower 
reaches of the creek as 
a result of discharge 
from the Speed River 
terrace and the highly 
permeable soils.  
Permanence of flow is 
important for fish and 
invertebrate 
communities.  
Groundwater is also 
important in maintaining 
water levels in the 
ponds. 

2. Barriers to fish 
migration prevent fish 
from the Speed River 
from accessing the 3 
creek systems and 
prevent movement of 
fish within individual 
creeks. 

3. Maintenance of good 
water quality and 
suitable water 
temperatures is 
necessary for healthy 
fish and invertebrate 
communities. 

 
 

1. Ensure that 
groundwater 
recharge is 
maintained at 
current levels or 
enhanced in 
order to 
maintain/increas
e base flow and 
pond levels. 

2. Removal of 
barriers will 
allow fish 
movement and 
allow fish to 
make optimal 
use of available 
habitats. 

3. Elimination of 
the dams that 
create/maintain 
the permanent 
ponds could 
reduce fish 
productive 
capacity if the 
ponds were 
eliminated too. 

4. Maximizing 
infiltration will 
maintain quality 
and amount of 
cool base flow.  
Treatment of 
storm water will 
minimize 
impacts on water 
quality. 

Groundwater can also 
influence terrestrial 
vegetation 
communities. 
 
 
Removal of barriers 
affects stream 
morphology and can, in 
the case of dams, 
affect hydrology.  
Removal of dams could 
lower water levels, 
affecting vegetation. 
 
 
Removal of barriers 
may result in loss of 
wetlands. 
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Table C1.4.1  Summary of Opportunities and Constraints 

Factor Importance General Issues Constraints Opportunities Relational Impacts 
associated with various habitat 
types and individual stream 
reaches. 

• Examine benthic invertebrate 
communities. 
 

Base Flow Definition of the Component: 
 
Base flow is that amount of water 
that sustains the creek system 
during periods of no rainfall. It is 
derived from groundwater discharge 
and is representative of 
groundwater conditions. 
 
Base flow is important in that it 
provides volume of water for 
channel maintenance and is vital for 
aquatic habitat. Base flow also is 
generally a source of cool water 
necessary for fish and other aquatic 
species. 
 
How we have assessed this area: 
 
Base flow has been assessed 
through direct measurement of flow 
during summer periods, with 
measurements taken at least 2 days 
after a rain event.  Base flow is also 
assessed using the hydrological 
record and the model results, which 
are based on a long-term period. 
This reduces the impact of extended 
dry periods on results. 
 

GENERAL 
 
There are a number of factors which 
contribute to alteration of base flow 
regimes in a subwatershed, including: 
 
1. Loss of base flow due to extensive 

withdrawals by local wells. 
2. Addition to base flow caused by 

leaking infrastructure. 
 
These can affect other analyses of 
subwatershed conditions by providing 
false readings which impact 
management decisions. 

 
 
1. Reduced recharge to 

groundwater due to 
increased 
imperviousness of 
development. 

2. Change in existing 
groundwater flow 
directions. 

3. Surfacewater taking 
from streams 
(particularly critical 
during low flow 
periods).  

4. Lack of quantity could 
result in increased 
groundwater 
temperatures. 

5. Thermal impacts of 
stormwater 
management facilities. 

6. Loss of riparian 
shading. 

 
 
1. Provide for extended 

detention of 
stormwater runoff to 
Increase base flow in 
creeks. 

2. Reducing or 
eliminating water well 
withdrawals may 
result in increased 
baseflow.  

3. Enhance or Increase 
riparian vegetation to 
increase shading. 

4. Shading of stormwater 
management facilities 
or other means or 
reducing thermal 
impacts. 

5. Using discharge from 
stormwater facilities 
as source of cool 
water. 

 

 
 
Base flow is critical for 
fish habitat and fish 
passage. 
 
Base flow is also 
critical for maintenance 
of channel form and 
function, even though it 
does not generally 
have channel-altering 
erosive power.  
 
Fish species depend 
upon the maintenance 
of cool water 
temperatures. 
Enhancement may 
occur if baseflow is 
increased or water 
temperature are 
lowered. 

Maintenance/ 
Restoration 
of Natural 
Channel 
Form 

Definition of Component: 
 
Restoration of natural fluvial 
processes is essential for the 
continued health of the aquatic 
system.  These processes are 
impacted by changes in stream 
channel form, so it is necessary to 
assess existing channel form for 
potential to alter process. 
 
How have we assessed this area: 
 

A stream which is not in equilibrium in 
terms of channel form is not in 
equilibrium with respect to instream 
processes. In other words, the channel 
is undergoing slow changes to form in 
order to accommodate existing flow 
regimes. Development in the area has 
the potential to alter this rate of 
readjustment and force the system into 
a state of flux which can result in 
uncontrolled erosion or sedimentation. 
If this occurs there are definite 
implications for aquatic habitat. 

1. Development may 
directly eliminate 
natural channel form. 

2. Development may alter 
the hydrograph, 
resulting in the 
alteration of channel 
form. 

3. Excessive sediment 
loading during 
development may alter 
channel form. 

4. Maintain existing 

1. Restoration of altered 
channels on all these 
creeks. 

2. Erosion and sediment 
controls during 
construction phases 
of activity. 

Degraded systems will 
simplify fish 
populations. 
 
Degradation of form 
will result in long-term 
instability with erosion 
and sedimentation 
potential remaining 
relatively high in the 
lower reaches. This 
may impact the 
community plan if a 



Planning & Engineering Initiatives Ltd. Table C 1.4.1  Summary of Opportunities and Constraints Page 3 

Table C1.4.1  Summary of Opportunities and Constraints 

Factor Importance General Issues Constraints Opportunities Relational Impacts 
Field investigations and surveys of 
existing channel profile in both the 
downstream and cross-stream 
direction (80 cross sections of pools 
and riffles on all these systems) 
have been used to determine what 
form the channel currently takes. 
This form is then assessed against 
known principles of fluvial 
geomorphology and decisions are 
made as to the appropriateness of 
the existing condition, the potential 
for rehabilitation, and the probable 
success of that rehabilitation. 

 
By rehabilitating existing problem areas 
in a stream system we are able to 
make the system resilient (flexible) so 
that any short-term impacts of 
development can be absorbed by the 
system, and once the impacts are 
lessened, the system will remain in a 
state of equilibrium. 
 
The fluvial assessment has indicated 
that various reaches of East, Middle 
and West creeks are not in stable form, 
and will certainly undergo some 
alteration with development. A priority 
then is to rehabilitate the channel in the 
lower reaches so that it can absorb 
short-term changes in the basin. 
 

natural channel form in 
streams which support 
healthy fish 
communities. 

trail system is planned 
for the lower reaches. 

  Maintenance and restoration of riparian 
buffers as: 
 
1. Alteration (especially 

minimization) of riparian buffers 
alters stream function and has 
contributed to increased erosion of 
banks, resulting in sedimentation 
at other location in the channel. 

2. It is important from a fluvial 
functioning perspective that 
riparian buffers around streams be 
maintained and where not 
currently in existence be 
implemented as part of the overall 
management plan. 

 

1. Development may 
reduce or degrade the 
existing riparian buffers 
along streams 

1. There are 
opportunities to 
restore or enhance 
the riparian zones 
along streams 

2. Application of 
provincial buffer 
standards 

3. Provide additional 
system-related 
buffers 

Degradation of riparian 
zones can potentially 
increase siltation, affect 
channel form, increase 
water temperatures, 
promote macrophyte 
growth, and expose 
fish to predators. 

Channel 
Bank Erosion 

Definition of the component: 
 
Bank erosion is part of a naturally 
occurring cycle of stream 
processes, and is expected to occur 
in all systems to some extent. 
Issues arise when bank erosion is 
excessive at particular locations, 
which is indicative of disequilibrium 
in stream process and requiring of 
attention. 
 
 

Alteration to flow hydrographs with 
development can accelerate erosion at 
sensitive sites. 
 
Improper placement of instream 
structures (i.e., SWM outputs) can 
cause local erosion and can alter flow 
patterns, which may impact erosion 
sites. 
 
Any naturalization or rehabilitation of 
stream form must consider bank 
erosion as an integral part of the design 

1. Development may 
affect natural channel 
form. 

2. Development may alter 
hydrology and change 
channel form. 

3. Sediment from 
development may alter 
channel form. 

4. Development may 
require lower creek 
invert for servicing, 
altering channel 

1. Enhancements can 
be realized through 
City by replacing 
gabion channels, or 
enhancing these 
structures to mimic 
natural forms. 

2. Naturalize 
straightened sections 
(not concrete) of 
channel. 

3. Stable and diverse 
creek sections should 

Will provide greater 
access for fisheries in 
addition to providing 
more diverse aquatic 
habitat.  Benefits could 
also be realized in the 
stream water quality. 
 
Monitor the sites, 
assess the physical 
processes and where 
appropriate control the 
erosion using “natural” 
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Table C1.4.1  Summary of Opportunities and Constraints 

Factor Importance General Issues Constraints Opportunities Relational Impacts 
How have we assessed this area: 
 
Bank erosion was assessed directly 
in the field through the use of 
erosion pins in banks which 
appeared to be undergoing change 
as well as in banks which appeared 
stable (which were used as control 
sites).  Repeated measurements of 
the exposure of the pins indicates 
the rate of bank retreat, which can 
be correlated to flows and the 
hydrological modeling. 

and management programme. 
 
Preventing bank erosion by hardening 
banks to the point where erosion is 
impossible (such as the gabion baskets 
on Middle Creek) results in increased 
erosion at other locations, either the 
bed at the hardened site or at another 
bank farther downstream. 

dynamics. 
5. Straightened creeks 

and improved rural 
drainage may result in 
unstable downstream 
creek system. 

6. Uncontrolled access of 
livestock to streams 
may result in loss of 
riparian vegetation and 
loss of streambank 
integrity increasing 
channel erosion 

7. Straightened channel 
increase gradient, 
resulting in loss of 
natural channel and its 
functions (attenuation 
of flows, sediment 
supply-transport, 
aquatic habitat). This 
should be avoided. 

be maintained. 
4. Complete erosion 

control work at sites 
demonstrating 
excessive erosion.  
Further erosion 
control work should 
be minimized to 
ensure that erosion 
and sediment supply 
is not eliminated.   

5. Minimize the amount 
of lowering and the 
extent of the lowering, 
based on detailed 
assessments. 

6. Provide ample 
corridor to enable the 
channel to adjust 
naturally to any 
alteration. 

7. Restoration of 
sections of East, 
Middle & West 
Creeks and its 
tributaries to the 
north. 

8. Restriction of 
livestock access to 
streams. 

 

techniques materials. 
 
Lowering the creek to 
support servicing 
options has a negative 
impact on aquatic 
habitat, although 
lowering may contact 
more shallow 
groundwater. 
 
Fluvial improvements 
will improve fisheries 
and water quality. 
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Factor Importance General Issues Constraints Opportunities Relational Impacts 
Stream 
Morphology 

 
Definition of Component: 
 
Stream morphology assesses the 
shape and form of watercourses as 
well as the operative processes 
within the channel.  The application 
of this discipline offers several 
benefits including, establishing 
cause-effect relationships, which 
provides an understanding of the 
existing channel system and for 
evaluating the potential effects of 
future land use change.  Further, 
this discipline identifies stream 
functions that pertain to the 
movement and storage of water and 
sediment through the 
subwatershed. 
 
How have we assessed this area: 
 
Background information was 
reviewed and consisted of previous 
reports and any data pertaining to 
channel flow and sediment 
transport. 
Mapping and aerial photographs 
were used to delineate basin and 
reach characteristics which 
permitted a preliminary identification 
of channel function and 
migration/alteration that has 
occurred over time. 
 
Field studies have been conducted 
in 2001 to 2002 to: 
 
• Confirm mapping –air photos 

findings as well as completing 
a rapid assessment of most 
reaches. 

• Detailed geomorphic field work 
at ten reaches located at 
representative areas. 

• Monitoring of high flow 
conditions, including sampling 
of sediment transport. 

 
GENERAL 
 
Constraints upon stream morphology 
within the study area are associated 
with: 
 
• Physical controls on channel form 

(geology and climate) with 
geology being more variable. 

• Modifying controls which included 
riparian vegetation and 
surrounding land use. 

• Alteration to the channels which 
included hardening and 
straightening. 

• Regulation of flow and natural 
runoff processes. 

• Alteration of interruption of natural 
sediment supply to channels. 

 
SPECIFICS 
 
• Stream profiles and stream energy 

environment. 
• The effect of urbanization has 

resulted in more flow being 
conveyed through downstream 
channels, which has resulted in 
channel adjustments and bank 
erosion. 

• The area with galvion basket 
channel has reduced sediment 
supply and increased flow energy. 

• Some channels in rural areas 
have been straightened and 
riparian vegetation removed, 
increasing their sensitivity. 

 
 
 
Stream morphology is 
indicative of equilibrium and 
therefore is used in tandem 
with other fluvial indicators to 
assess overall channel 
stability. 
 
Any naturalization or 
rehabilitation must 
incorporate the geometries 
of stream morphology of the 
creek system in order to 
ensure success—process 
dictates that if the 
rehabilitated channel 
morphology does not match 
the existing morphology 
geometrically, then the 
rehabilitated channel will fail. 
This results in erosion and 
sedimentation and causes 
potential risk to structures 
and aquatic habitat. 

 
 
 
Various reaches of the 
Hespeler West systems 
are not stable, and 
therefore we can utilize 
geometries of the 
upstream channel and 
other streams in the area 
of similar size and 
drainage area to 
rehabilitate the stream 
channel. These 
opportunities ensure 
success if all other design 
criteria (sediment size, etc) 
are fundamentally correct. 

 
 
 
Proper morphology 
results in proper 
stream function. This is 
important for stable 
aquatic habitat as well 
as insurance that any 
structures built in the 
system will not be at 
risk. 
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Factor Importance General Issues Constraints Opportunities Relational Impacts 
WATER MANAGEMENT SYSTEMS 
 
HYDROLOGY  

 
Definition of Component: 
 
The study of how water quality 
and quantity interacts on the 
surface of the earth (in the sky, at 
the surface, and in the ground).   
 
How have we assessed this 
area: 
 
We have created a computer 
model of the Hespeler West 
subwatersheds to reflect the 
hydrological processes that are 
taking place. The model uses the 
precipitation and streamflow data 
that we have collected to predict 
what flow rates could be 
expected in the creeks during 
various storms.  
 
Once the model was calibrated to 
our data, we revised the model to 
reflect the type of development 
that could potentially occur. That 
allows us to see the potential 
changes and develop strategies 
to ensure the protection of the 
natural features in the various 
subwatersheds. 

 
General development results in land use 
changes. Increased development results 
in increased asphalt or imperviousness. 
This leads to: 
 
• Lower infiltration rates. 
• Reduced baseflow.  
• More frequent runoff. 
• Increased stream erosion. 
• Increased flooding. 
 
The fluvial assessment has determined 
that excessive runoff could erode the 
channel or any future channel 
reconstruction. Water quantity control is 
required. 

 

 
• Increased peak flow 

rates would increase 
flood damage potential 
in downstream reaches 
of the watercourse 
systems 

• Increased peak flow 
rates and volumes 
would increase erosion 
potential, particularly in 
downstream reaches of 
the watercourse 
systems 

 

 
1. Provide stormwater 

quantity storage 
facilities to attenuate 
stormwater runoff 
prior to discharge to 
receiving 
watercourses. 

2. Maximize infiltration 
at source to reduce 
runoff volumes. 

 

 
Increased peak flow 
rates and volumes 
may effect riparian 
habitats along 
watercourse systems 
through altering timing, 
frequency and 
duration of flood 
occurrences which 
may in turn impact on 
stream morphology. 
 
Increased peak flow 
rates and volumes 
may effect stream 
bank stability and 
stream morphology 
which would impact 
riparian habitats along 
watercourse systems. 
 
Erosion control 
storage (extended 
detention) provided 
within stormwater 
management facilities 
would augment stream 
flow during the 1-3 
days following storm 
events. 
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HYDRAULICS  

Definition of Component 
 
Hydraulics is the study of the 
mechanics of storm flow in open 
watercourse systems. 
 
How have we assessed this 
area: 
 
The runoff rates associated with 
various land uses are used as 
input to models of the existing 
valley and watercourse systems.  
The hydraulic models provide 
details on flow velocities and 
depths. 

 
The floodplain constraints are generally 
determined by: 
 
• Flow rate (hydrology). 
• Channel slope. 
• Topography (i.e., depth of 

valley/floodplain systems). 
• Channel and floodplain 

characteristics (i.e., 
vegetation/substrate). 

• Hydraulic effects of bridges, 
culverts and encroachments (i.e., 
alteration of floodplain topography). 
 

 
1. Low channel gradients 

and lack of defined 
valley/floodplain 
systems within local 
tributary watercourses 
increases the sensitivity 
of these areas to 
changes in local 
hydrology and flood 
potential, thereby 
increasing the level of 
constraint in these 
areas. 

2. Downstream areas are 
better defined. 

 
1. Flood control 

structures will reduce 
peak flows to pre-
development levels 

2. The ultimate channel 
design will control the 
extent of potential 
flooding 

3. Protection of Natural 
features keeps 
floodplain in natural 
state. 

 
Fish passage must be 
accounted for. 

WATER 
QUALITY 

 
Definition of Component 
 
Maintaining or improving water 
quality is vital to the health of the 
system and to the plants and 
animals that utilize the water for 
their existence. 
 
Maintaining or improving water 
quality also allows better 
aesthetics and recreational 
opportunities. 
 
How is this factor being 
studied? 
 
Background information has 
been assembled form documents 
and files with the City of 
Cambridge, GRCA, MNR and the 
RMOW.  This has been helpful in 
the characterization of historical 
as well as current water quality 
conditions.   
 
Existing benthic invertebrate 
(good indicators of water quality) 
data was analyzed to help 
spatially characterize water 
quality. Field studies have been 
conducted in 2001 and 2002. 

 
Water quality constraints in the Hespeler 
West subwatersheds are: 
 
• Groundwater availability 

(contributes to baseflow and lower 
water temperatures). 

• Changes in land use (i.e., 
urbanization) would effect the type 
and amount of non point source 
contaminant loads from the 
subwatershed areas. 

• Channelization has impacted water 
temperatures. 

 

 
1. Increased pollutant 

loading from developing 
areas could degrade 
instream quality 

2. Increased pollutant 
concentrations during 
storm event may impact 
aquatic resources 

3. Increased water 
temperatures could 
reduce dissolved 
oxygen concentrations. 

4. Agricultural nutrient 
loading could result in 
deterioration of water 
quality. 

5. Increased pollutant 
concentrations could 
negatively effect 
aquatic species. 

6. Application of road 
salts. 

 

 
1. Provide stormwater 

quality treatment 
facilities (wet 
ponds/wetlands) prior 
to discharge to 
receiving 
watercourses. 

2. Maximize infiltration 
to reduce wash off 
and transport of 
pollutants. 

3. Changes in land use 
and stormwater 
management could 
reduce nutrient 
loading 

4. Increased shading 
from riparian 
vegetation could 
reduce plan growth, 
reducing diurnal 
oxygen fluctuations. 

5. Reduction in water 
temperatures could 
increase dissolved 
oxygen solubility. 

6. Increase baseflow to 
stream  

7. Stormwater treatment 
could reduce the 
loadings or 

 
Water quality can be a 
limiting factor for 
certain fish species. 
 
Nutrient/contaminant 
loadings could create 
additional negative 
impacts on the 
downstream regimes. 
 
Nutrient loading 
impacts plant growth, 
and fish habitat 
 
Excessive plant 
growth impacts 
dissolved oxygen 
levels and may limit 
certain fish species. 
 
Contaminants could 
limit or directly impact 
certain ecosystem 
components.   
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Factor Importance General Issues Constraints Opportunities Relational Impacts 
concentrations of 
certain contaminants 

8. Reduction or 
elimination of 
loadings from 
agricultural practices 

TERRESTRIAL RESOURCES 
NATURAL 
HERITAGE 
SYSTEM 

 
Definition of Component 
Terrestrial resources include 
vegetation and wildlife species and 
their communities. Together with their 
physical environments, they form 
terrestrial ecosystems.  Terrestrial 
communities help regulate 
microclimate, retain moisture, prevent 
erosion, and provide habitat structure 
that sustains biodiversity (the 
complexity of life) within the 
subwatersheds. 
 
What was Done 
Existing information was assembled 
from documents and files obtained 
from the City of Cambridge, MNR, 
Grand River Conservation Authority 
(GRCA), and the RMOW.  This has 
been helpful in identifying known 
areas of wildlife concentration, and 
classified wetlands. Local residents 
were queried on the seasonal 
occurrence of wildlife. 
 
Recent aerial photographs (spring 
2000) were used to identify existing 
areas of forest, swamp, marsh, open 
water, agricultural fields, hedgerows, 
and cultural communities such as old 
fields, thickets and plantations. 
 
Field studies spanned 4 seasons in 
2001-2002 to: 
 
• Verify and revise boundaries of 

 
Terrestrial features with constraints 
include those associated with: 
 
• Existing habitat, areas of potential 

habitat that help link larger ‘core’ 
natural habitats, and features set in 
agricultural lands that facilitate 
wildlife movement. 

• Sensitive canopy structure or 
habitat complexity. 

• Steep slopes, poorly drained soils, 
or habitats reliant on groundwater 
regimes. 

• Specialized habitats, such as 
wetlands, large blocks of habitat, or 
those containing special 
characteristics (such as old growth 
or forest interior). 

• Rare or significant plant and animal 
species and their habitats. 

• Areas of high diversity of 
amphibians and reptiles. 

• Habitats or functions that are 
particularly intolerant of human 
proximity. 

• Existing disturbances. 
 
Collectively, these constraints support 
the policy designation of the natural 
habitats and linkages in the 
subwatersheds as classified wetlands, 
or Environmentally Sensitive Policy 
Areas. 
 

 
1. Two wetland complexes 

in the subwatersheds 
were previously 
evaluated by MNR:  a) 
Provincially Significant 
Speed River Wetland 
Complex b) Locally 
Significant Maple Grove 
Road Wetland 
Complex. In the present 
study, the Speed River 
Wetland Complex 
retains its Provincially 
Significant Wetland 
(PSW) status. The 
Maple Grove Road 
Complex was upgraded 
to PSW status due to 
inclusion of additional 
wetland units, and 
discoveries of 
significant plant and 
wildlife species. The 
Provincial Policy 
Statement restricts 
development within and 
adjacent to PSWs. The 
Locally Significant West 
Creek Wetland 
Complex (LSW) was 
created as a separate 
complex based on field 
findings and input from 
MNR. The City of 
Cambridge OP protects 
LSW’s as Locally 

 
1. Work towards an 

eventual cover target 
of 30% natural forest 
cover for the 
subwatersheds. This 
figure represents 
Environment Canada 
(1998) guidelines & 
could be 
accomplished by: 

 
• Protecting remaining 

forest and 
successional cover, 
including cultural 
woodlands and 
plantations.  

• Restoring degraded 
natural and cultural 
woodland features, 
and naturalizing 
future open space. 

• Conducting forest 
management and 
stewardship practices 
for existing woodlots. 

• Initiating Stewardship 
programs to reduce 
urban impacts. 

• Using buffers to 
protect existing and 
future forested lands 
throughout the 
subwatersheds. 

• Ensuring that 

 
1. Sensitive 

wetland 
habitats 
immediately 
adjacent to 
the Creek 
may 
constrain 
placement 
of 
stormwater 
facilities. 
Outlets and 
infiltration 
facilities that 
may affect 
quantity, 
quality and 
seasonal 
flow 
characteristi
cs (surface 
and shallow 
groundwater
) should be 
outletted 
downstream 
of sensitive 
wetlands, or 
provide 
additional 
treatment to 
reduce 
sedimentatio
n, nutrient 
releases, 
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Factor Importance General Issues Constraints Opportunities Relational Impacts 
natural features, including 
evaluated wetlands. 

• Classify species and habitat 
structure, local drainage and 
topography. 

• Prepare a checklist of vegetative 
and wildlife species for individual 
features. 

• Identify potential Environmentally 
Sensitive Policy Areas (ESPAs) 
and Locally significant Natural 
Areas (LSNAs). 

• Identify existing and potential 
terrestrial linkages that occur 
both within and across 
subwatershed boundaries. 

• Identify areas for potential habitat 
rehabilitation or enhancement. 

 

Significant Natural 
Areas. 

2. The habitats in the 
subwatersheds are 
strategically spaced in a 
predominantly rural 
landscape with 
proximity to both the 
Speed and Grand River 
corridors. The relatively 
large habitat blocks are 
somewhat fragmented 
due to past agricultural 
encroachments and 
modifications of 
watercourses. In an 
agricultural context, 
wildlife movements 
between these habitats 
is relatively 
unconstrained, and 
these systems 
contribute significantly 
to the ecological 
functions of adjoining 
subwatersheds and 
river corridors. Further 
industrial & residential 
development, and 
aggregate extraction, 
will significantly reduce 
the habitat linkage 
provided by agricultural 
uses, as urban cover 
prevents movements of 
sensitive species. 

3. Forest cover (i.e., 
forests, treed-swamps 
& plantation) represents 
16.3% of the land base 
in the subwatersheds. 
Wetlands (i.e., marsh, 
open water & thicket & 
treed swamps) 
comprise 18.5%. The 
overall forest cover in 
the subwatershed is 
deficient in comparison 
to targets 

Regional and City 
Policies (O.P.’s, 
Secondary Plans, 
Subdivision Plans) 
reflect the Provincial 
Policy Statement 
through planning, 
design and 
construction. 

 
2. Provide an effective 

primary corridor from 
200 to 500 metres 
wide along the Middle 
Creek through the 
future urban area, 
composed of natural 
habitat, buffers, 
enhancement areas, 
and complementary 
land uses. Enhance 
the habitat cover 
between Beaverdale 
Road and the Speed 
River on the East 
Creek, providing a 
minimum linkage of 
50 metres width along 
the watercourse 
outside the PSW 
areas. Maintain and 
enhance the existing 
PSW corridor linkage 
along the West 
Creek.   

3. Use the “Countryside 
Line” as a limit to 
development north of 
Middle Block Road to 
form a primary 
corridor comprised of 
countryside between 
the Speed and Grand 
River corridors.   

4. Provide enhanced 
wildlife crossings 
where existing 
roadways intersect 
riparian/wildlife 

and peak 
flow impacts 
to organic 
substrates.  

2. Road 
crossings 
act as 
barriers to 
movement 
to both 
wildlife & 
plants and 
will fragment 
adjacent 
biological 
communities
. Rates of 
mortality will 
increase as 
a result of 
vehicular 
road kills. 
The 
presence of 
roads lowers 
the quality of 
adjacent 
lands by 
increasing 
disturbance 
(i.e., noise), 
salt 
contaminatio
n, and 
access to 
invasive 
plant 
species. The 
numbers of 
impacts rise 
with the 
number of 
road 
crossings, 
number of 
lanes of 
traffic, and 
traffic 
speed. 
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Factor Importance General Issues Constraints Opportunities Relational Impacts 
recommended by 
Environment Canada 
(1998): 30% forest 
cover. The amount of 
wetland cover currently 
exceeds similar targets 
set by Environment 
Canada for wetland 
cover:  6% wetland 
cover for 
subwatersheds and 
10% for major 
watersheds. There is a 
limited amount of 
upland forest cover 
(3.5%) due to intensive 
agricultural uses 

4. Forest interior 
conditions (i.e., 
containing forest core 
areas at least 100 
metres from any edge) 
are present in nine 
major blocks of habitat 
in the subwatersheds. 
Forest interior bird 
species were observed 
using these area. The 
regular distribution of 
these specialized 
habitats is considered a 
significant function of 
the NHS in the 
subwatersheds. 

5. Highway 401 presents 
a barrier between the 
West Creek 
subwatershed and its 
outlet on the Speed 
River. The Middle 
Creek presents a good 
opportunity for 
enhanced corridor 
connections between 
the upper 
subwatershed and the 
Speed River corridor. 
The East Creek natural 
corridor is fragmented 

movement corridors 
(see Figure C 3.3.1).  
Priority should be 
given to busy 
roadways such as 
Maple Grove Road 
and Beaverdale 
Road, especially 
when they are 
upgraded. 

5. Integrate and 
enhance Natural 
Heritage links 
between features 
within and beyond the 
sub-watersheds. 

6. Develop stewardship 
programs to 
encourage farmers, 
industrial landowners, 
residents and other 
landowners to a) 
incorporate principles 
of habitat 
management for 
remaining woodlands 
and successional 
habitats; b) 
consolidate smaller 
fragments into large 
habitat blocks and c) 
maintain functions of 
wetlands through 
landowner education 
on downstream 
effects of wetland 
filling. 

7. Provide open space 
planning for remnant 
habitats in existing 
and new urban areas, 
including a trail 
hierarchy to direct 
pedestrian 
movements and meet 
residents’ recreational 
needs. 

8. Utilize locally adapted 
native species in all 

3. Buffers 
sufficient to 
protect 
wetland 
habitat 
cover may 
be 
inadequate 
to maintain 
existing 
levels of 
wildlife 
movement, 
or presence 
of sensitive 
wildlife 
species. 

4. Some 
commonly 
planted 
species may 
affect forest 
habitat 
quality and 
promote 
erosion 
(e.g., 
Norway 
maple). 
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Factor Importance General Issues Constraints Opportunities Relational Impacts 
in the lower reaches of 
the creek by existing 
rural residential uses 
and past Highway 24 
works. The Speed River 
corridor is fragmented 
by Highway 401 on the 
west end, but is 
relatively open to 
wildlife movement on 
the east end due to the 
large Highway 24 
bridge span.  

6. Roads and traffic 
present significant and 
growing constraints to 
NHS functions. 
Highway 401 is a 
significant barrier. 
Maple Grove Road has 
high traffic levels that 
will increase as the 
area develops. Other 
local roads are also 
busy. However, the 
rural road cross 
sections are more 
amenable to species 
movements than will be 
the case if urban curb 
and gutter standards 
are adopted.    

7. The subwatersheds 
contain some 
successional meadows 
and thicket, and 
supports breeding of 
regionally-significant 
meadow bird species.  
These areas are not as 
well protected by policy, 
and therefore may be 
lost to development. 

8. There is existing human 
encroachment into 
natural habitats (e.g., 
trampling, tree cutting, 
wetland filling, 
understorey removal, 

public plantings 
(streetscapes, parks, 
open spaces). 
Develop stewardship 
programs to locate 
and eradicate 
problem species in 
key natural areas. 

9. Provide public 
education and 
improved controls 
over cats and dogs 
within the urban 
boundary (By-laws). 

10. Develop long term 
strategies to reduce 
the impacts of 
existing exotic 
species invasions. 
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informal trails, garbage 
and debris dumping, 
vandalism) but it is 
localized. Further 
urbanization in the 
subwatersheds will 
likely result in greater 
impacts on the existing 
system, including the 
further spread of 
introduced plant 
species such as 
Common and Glossy 
Buckthorn.  

9. Glossy buckthorn 
(Rhamnus frangula) is 
an exotic shrub that has 
invaded wetlands 
extensively in the 
subwatersheds, in 
some cases entirely 
displacing natural shrub 
cover in thickets and 
understorey growth.  

10. The quality, quantity, 
and seasonal flow of 
future urban runoff may 
detrimentally impact the 
habitat quality and 
species diversity of 
wetlands in the Speed 
River, Maple Grove 
Road, and West Creek 
Wetland Complexes. 
Effects on groundwater 
flows, and 
contamination with 
nutrients or road salt 
are of particular 
concern. 

11. Urban wildlife issues 
include predation of 
wildlife by pets, and 
replacement of rural 
wildlife with “urban-
adapted” species such 
as raccoons, skunks, 
gray squirrels, house 
sparrows, European 
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starlings etc. 

12. Microclimate 
(temperature, wind and 
humidity) will be altered 
by urban “heat island” 
effects and limited 
vegetation cover. 

AGRICULTURAL SYSTEMS 
 Definition of Component: 

 
Agricultural resources include a 
biophysical component which has 
subcomponents such as soils, climate and 
water.  As well, agriculture includes social 
and economic components.  The three 
interdependent components provide raw 
materials and skills together with a 
delivery system for food and other 
products. 
 
 
How have we assessed this 
component: 
 
Background information has been 
assembled from documents and files with 
the City of Cambridge, OMAF, 
Conservation Authority, RMOW and other 
published literature.  This information 
together with aerial photographs and field 
studies (conducted in 2002) were used to: 
 
• Verify agricultural soils and soil 

capability. 
• Identify agricultural land use. 
• Identify agricultural infrastructure 

such as farm buildings. 
• Observe current farm management 

practices. 
• Characterize property size and 

ownership. 
• Identify sod farm operations. 
 

General issues associated agriculture 
include: 
 
1. Preservation of prime agricultural 

land. 
2. Maintenance of agricultural 

infrastructure. 
3. Loss of agricultural expertise and 

experience, that is, fewer farmers. 
4. High risk associated with farm 

markets. 
5. Unknowns associated with land 

areas that are urbanizing. 
 
Agricultural issues also relate to 
ecological subject matters discussed 
and/or proposed within the 
subwatersheds. 
 
1. The presence of PSWs as 

designated by the MNR have the 
potential to affect farm 
management and farm overhead 
costs. 

2. Planning for the provision of 
linkages between remnant natural 
systems will result in loss of land 
available for agricultural 
production. 

3. Any increase in wetlands once 
common in the subwatersheds, has 
the potential to affect farm drainage 
and reduce crop yields. 

4. Plans which affect farm 
management practices and which 
result in improved water quality will 
benefit farm wells and other 
surface waters used for water 
taking on the farm. 

 
 

1. Farm economics make 
the application of best 
management practices 
difficult if farmers are 
required to apply, 
construct and maintain 
the practice(s) without 
subsidy  

2. Agricultural land has 
been fragmented and 
agricultural 
infrastructure lost within 
the subwatershed.  

3. Application of programs 
related to best 
management practices 
are likely to be more 
difficult in agricultural 
areas where land is 
owned by non-farmers. 

4. Woodlands need to be 
available for grazing 
and/or logging. 

5. Establishment of 
setbacks and buffers 
around natural features 
may result in loss of 
agricultural land. 

6. Application of best 
management practices 
has the potential to 
result in limited 
negative outcomes.  In 
other words, a 
management practice 
may be good for one 
thing but negative for 
something else. 

7. Human encroachment 
onto natural habitats on 
farms as well as on to 

1. Maximize use of 
existing subsidy 
programs and create 
new programs in 
areas of greatest 
need. 

2. Protect remaining 
agricultural lands (as 
per PPS, 1997). 

3. Ensure that Regional 
and City Policies 
(O.P.’s, Secondary 
Plans) reflect the 
Provincial Policy 
Statement. 

4. Encourage the 
implementation of 
existing stewardship 
programs which 
include the 
application of best 
management 
practices and are 
available through the 
GRCA. 

5. Encourage the use of 
existing programs 
available through 
OMAF such as 
environmental farm 
plans and manure 
management 
systems.  

6. Develop stewardship 
programs to promote 
reforestation and 
wetland creation, to 
encourage farmers 
and other landowners 
to incorporate 
principles of habitat 

Lack of natural cover 
may contribute to 
erosion and 
surfacewater quality 
problems which affect 
farm and farmer 
health.   
 
 
 
 
 
 
 
Impacts to features 
associated with 
streams and ponds 
may affect slope 
stability and water 
quality which affect 
quality of the 
agricultural resource. 
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farm fields has the 
potential to result in 
trampling, tree cutting, 
understorey removal, 
informal trails, garbage 
and debris dumping, 
vandalism. 

8. Introduction or 
reestablishment of 
some plant species has 
the potential to increase 
costs associated with 
crop production 
associated with plant 
competition. 

9. Provision of habitat for 
wildlife may result in 
increases in wildlife 
populations and 
predation on farms. 

 

management for 
remaining woodlands 
and successional 
habitats and 
consolidate smaller 
fragments into large 
habitat blocks. 

7. Create a hierarchy of 
public objectives 
associated the 
subwatersheds in 
order that best 
management 
practices can be 
chosen and applied in 
a way that matches 
that hierarchy. 

8. Develop new public 
education and 
stewardship programs 
to reduce impacts and 
provide remediation 
of identified problems 
if existing programs 
are not effective or 
are discontinued. 

9. Apply farm-related 
programs in areas 
most likely to remain 
in agriculture the 
longest - most likely 
those areas north of 
Middle Block Road. 

10. Continue programs 
informing the public 
about the problems 
associated with 
trespassing on 
agricultural land. 

11. Continue programs 
which pay farmers for 
losses associated 
with wildlife.  
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D 1.0  SUBWATERSHED 
MANAGEMENT REQUIREMENTS 

The initial phases of the Hespeler West Subwatersheds 

Study (Sections A to C) established background 

information, performed detailed studies and provide an 

environmental analysis for the area.  Based on the 

information documented in these sections, the 

Management Plan (Section D) recommends requirements 

and criteria to be implemented across the subwatershed to 

preserve or enhance existing environmental features while 

allowing development to proceed in other areas. 

The Hespeler West subwatersheds are characterized into 

their three specific subwatersheds when describing the 

management requirements. These are the same areas 

described in Section C that form the study area.  

• East Creek subwatershed. 

• Middle Creek subwatershed. 

• West Creek subwatershed. 

Management approaches will consider the following 

objectives: 

• Any management strategy should embrace the 

fact that human activity will continue within the 

subwatershed and that urbanization within the 

Official Plan designated area is imminent. 

• Subwatershed management strategies must meet 

Federal Fisheries and Oceans – “No Net Loss” 

policy objectives for fisheries habitat. 

• In dealing with impact assessment and alternative 

strategy evaluation, it is necessary to concurrently 

address the requirements of the economic, social 

and natural (abiotic and biotic) environment. 

• Stormwater management practices should, to the 

greatest extent possible, preserve the existing 

hydrologic regime, including surface and 

groundwater flows by maintaining the volume and 

distribution of groundwater recharge / discharge in 

the subwatershed. 

• Land use proposed for the urban area should 

complement the recharge / discharge 

characteristics of the subwatersheds, enhance 

and protect terrestrial resources (including 

corridors) and stream systems. 

• Natural Heritage provisions of the Provincial Policy 

Statement and the Region’s and Cambridge’s 

Official Plan should be implemented in existing 

and new urban areas. 

• A Greenspace Management Plan should form the 

basis for the planning and strategy management 

of the natural heritage system in the 

subwatershed. This plan should be designed to 

ensure that natural features and functions will be 

maintained and improved in a robust and 

adequate manner, minimizing the need for 

intervention and ongoing management on the part 

of the City and other agencies.      

• Opportunities for restoration / rehabilitation of 

degraded resources should be identified. 

D 1.1  Greenspace Management Strategy  

The Greenspace Management Strategy (GMS) is intended 

to reflect the key features that will be protected in the 

subwatershed, and the key management measures to 

ensure protection. The GMS is comprised of the following 

components; management tools for implementation are 

described in subsequent sections and the Aquatic 

Rehabilitation and Community Trail Strategies are listed 

separately due to interconnective nature and criteria of the 

strategies related to the ecosystem components they are 

managing. 
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1. Natural Heritage System (Core areas, corridors 

and linkages, buffers and enhancement and 

stewardship areas). 

2. Aquatic Rehabilitation Strategy. 

3. Community Trail Strategy. 

4. Environmental Impact Assessment (E.I.S.) 

Requirements. 

The Natural Heritage System is the foundation of the 

Greenspace Management Strategy. It is comprised of five 

important components: 

A. Core Areas. 

B. Aquatic Habitat. 

C. Buffers. 

D. Linkages. 

E. Enhancement and Stewardship Areas. 

Core Areas are upland and wetland habitats comprised of 

the following components: 

• Environmental Policy Areas (PSW, ESPA, LSNA). 

• Environmental Constraint Areas (High and 

Medium). 

• Regulatory floodplain area. 

To summarize, the following chart indicates the relationship 

of these features / terminology. 

Greenspace Management Strategy 
Aquatic Remediation Strategy (Refer to Section D 2.3) 
Community Trail Strategy (Refer to Section D 2.4) 
EIS Requirements (Refer to Section D 2.5) 

Natural Heritage System Core Areas Aquatic Habitat Buffers Linkages Enhancement and 
Stewardship Areas 

 
- Environmental Policy Areas (PSW, ESPA, LSNA) 
- Environmental Constraint Areas (High) 
- Regulatory Floodplain Areas 

These features have individual constraints as well as 

collective functions potentially affected by development that 

are addressed in detail below. Constraints associated with 

vegetation and wildlife components, and environmental 

policy areas are identified on Figures B 8.3.3 and C 3.3.1 

respectively.  

Buffers, Linkages and Enhancement Areas were discussed 

in detail in Section C, and their implementation under the 

preferred management option is outlined below. 

Implementation of the preferred Aquatic Habitat 

management option is discussed in Section D 2.3.  

Implementation aspects for Environmental Policy Areas 

and Constraint Areas are presented below. 

D 1.1.1  Environmental Constraint Areas 

Environmental Constraint Areas are composed of sensitive 

and/or significant biological and physical resources. They 

include High and Medium constraint features. Terrestrial 

(i.e., vegetation and wildlife) constraints have been 

identified as part of this study and are depicted on Figure 

B 8.3.3. These constraints are an amalgamation of the 

environmental constraints related to steep slopes, 

vegetation communities and wildlife inventories completed 

as part of this study. Watercourse systems and related fish 

habitat constraints are contained within, or absorbed by the 

terrestrial constraint areas. Groundwater constraints do 

exist within these features and buffers however, for areas 
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outside these features, it is not considered a limiting factor 

to development provided that the Stormwater Management 

Strategy and Groundwater Protection Strategy 

recommendations are implemented. 

Terrestrial constraints are assigned to vegetation features 

that, based on an assessment of vegetation and wildlife 

resources, are considered constraints to future 

development. The specific attributes used in the terrestrial 

constraint assessment can be viewed in Appendix J5 and 

Appendix J7.  Appendix J6 lists the breakdown of scores. 

High constraint terrestrial features are identified on Figure 

B 8.3.3. They are predominantly associated with wetlands 

in the Maple Grove or Speed River Provincially Significant 

Wetland (PSW) Complexes.  They are of high quality and 

sensitivity, containing significant species, high species 

diversity, and seasonally wet soils. Other high constraint 

features are those associated with steep slopes.  

High Constraint areas are core areas of the Greenspace 

Strategy where development, encroachment and 

stormwater management facilities (i.e., ponds) are not 

permitted as per the Provincial Policy Statement, Regional 

and City Plan policies.  These constraints are associated 

with: 

• The watercourses and associated fish habitat; 

• Regulatory floodplain associated with East, Middle 

and West creeks; 

• Provincially Significant Wetlands; 

• Environmentally Significant Policy Areas (if so 

designated by the Region); and 

• Areas with steep slopes. 

Protection can be achieved by designating the features 

Class 1 (Significant Natural Features) Open Space, as 

defined in the City of Cambridge Official Plan, and zoning 

them OSI.  

In the case of wetlands, buffers are recommended (see 

following sections). Steep slopes adjacent to the creeks 

valleys and Speed River valley should be protected with an 

open space designation and with development setbacks 

applied as recommended in this study or refined through 

the completion of site-specific geotechnical investigations.  

Slope setback requirements will be detailed at the draft 

plan of subdivision stage of development.  

Medium constraint features are identified on Figure 

B 8.3.3, consisting of terrestrial features that are often 

located close to high constraint areas. They are associated 

with imperfectly drained areas, moderate slopes, 

successional areas, or areas containing lesser 

concentrations of significant species. While they are not as 

sensitive to development as high constraint lands, their 

features and functions frequently support those of the high 

constraint features. Wherever possible, they will be 

integrated as part of the Natural Heritage System, as 

natural features, or supporting Complementary Land Uses 

(including school playgrounds, stormwater management 

facilities and other open spaces), areas for trail 

development or as Enhancement Areas. A list of 

complementary land uses should be prepared as part of 

the Community Plan and updated as additional information 

on this alternative management technique becomes 

available. At the time of development applications in the 

subwatershed, the municipal Zoning By-law should be 

amended to recognize the land use restrictions on these 

lands as outlined in Section C. 

In the case of hedgerows, integration may be difficult due 

to grading or other considerations unless particular features 

are taken into account in the layout of land uses. 

Compensation for hedgerow loss or fragmentation should 

take the form of replacement plantings in strategic areas in 

order to maintain and enhance existing functions. 
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Areas outside the High and Medium constraint (or Low 

Constraint) features are primarily agricultural fields and 

cultural landscape features, which are generally available 

for development, stormwater management, and roads. 

Standard policies and guidelines regarding the density of 

development, stormwater management, and servicing 

applies to these areas. Agricultural fields currently provide 

for extensive movement of small to large mammals, 

amphibians and reptilian species, which will not occur 

under urban conditions. Conversion of specific areas to 

naturalized buffer within the Enhancement Area is 

recommended under the Greenspace Management 

Strategy to offset the loss of ecological functions 

associated with urbanization of the agricultural lands.  

D 1.1.2  Existing Environmental Policy Areas 

Environmental Policy Areas are existing planning 

designations assigned to areas of the greenspace strategy. 

They represent natural heritage features that have been 

identified as significant either at the provincial, regional or 

local (City) levels. Existing Environmental Policy Areas 

within the study area may include the following: 

• Fisheries Habitat – Figure A 2.2.6 (City Plan Map 

13). 

• Provincially Significant and Locally Significant 

Wetlands – Figure A 2.2.3 (City Plan Map 8). 

• Locally Significant Natural Areas (LSNAs) – Figure 

A 2.2.4 (City Plan Map 9). 

• Class 1 (Significant Natural Features) Open 

Space District zoned lands – Figure A 2.2.2 (City 

Plan Map 15). 

• Regulatory floodplain associated with the Speed 

River but not shown for the Hespeler West 

subwatersheds – Figure A 2.2.5 (City Plan Map 

10). 

Existing Environmental Policy Areas within the 

subwatershed do not yet include any Environmentally 

Sensitive Policy Areas (ESPAs). 

These features have development constraints associated 

with them that are addressed by various management 

approaches as discussed in this chapter.  The difference 

between Natural Heritage Constraints (such as steep 

slopes) and Environmental Policy Areas (such as ESPAs) 

is that Policy Areas are formally designated in land use 

policy related to constraint attributes. Overlap between 

these two criteria or description does exist.  

Figure A 2.2.4 identifies a Locally Significant Natural Area 

near Arriscraft / Idylwild Estates that has been deferred 

from the City of Cambridge Official Plan approval. This 

deferral, identified as Deferral #20 on the map is based on 

a disagreement as to the environmental significance of this 

wooded area.  It should be noted that through the Hespeler 

West Subwatersheds Study this area has now been 

identified as part of the Maple Grove Provincially Significant 

Wetland Complex. 

D 1.1.3  Enhancement and Stewardship 
Areas 

Enhancement of the basic stream/wetland corridor is 

considered fundamental to ensuring that ecological 

functions will be retained in this landscape, and to minimize 

ongoing management requirements by the City. 

Conceptual linkages and enhancement areas were noted 

on Figure C.1.2.1 and more detailed opportunities have 

been identified on the Greenspace Management Strategy 

(Figure C 3.3.1).  They are considered essential to 

substantially retain and enhance existing wildlife habitat 

functions under urbanized conditions.  Lands within the 

Enhancement Area designation are not subject to any 

specific development restrictions, but are intended to be 
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carefully considered for complementary land uses (see 

Section C 3.3.3) or naturalization during Community 

Planning.  Under existing agricultural and residential uses, 

the identified Enhancement Areas are areas where 

stewardship initiatives should ideally be focused. 

The intention is to provide a natural corridor 200 to 300 

metres in width along Middle Creek, which substantially 

maintains existing wildlife movements, reconnect 

fragmented sections and eventually reinforces core 

habitats to offset the encroachment effects of urban 

proximity.  On East Creek, a narrower linkage (minimum 50 

metres) would be provided to connect the PSW areas and 

the Speed River corridor.  In the upper subwatershed, 

enhancement areas are intended as strategic additions of 

habitat where the extent of forest interior could be readily 

increased, or to create connections to the proposed 

Countryside Line area north of Middle Block Road. 

On West Creek, a narrow linkage based on existing 

features is presented with enhancement proposed along 

Boxwood Drive and stewardship along Speedsville Road 

near the creek channel. 

Enhancement approaches are recommended using 

available tools and mechanisms to improve the extent and 

diversity of naturalized vegetation cover, protect habitat 

characteristics, maintain wildlife corridor connections, and 

allow for pedestrian trail development. These approaches, 

discussed in Section C. 3.3 include naturalizing of adjoining 

agricultural lands in specified corridor and linkage areas 

and supplementing riparian vegetation along waterways 

where it is currently deficient.  

Figure C 3.3.1 noted Stewardship Areas in the vicinity of 

existing residential developments.  These are areas close 

to core features and watercourses where focused 

landowner contact and stewardship programs would be 

beneficial.  The intent would be to promote education on 

sustainable practices in these areas including rehabilitation 

of degraded areas, naturalization close to sensitive 

features, planting of native species, and ecosystem 

monitoring.  Stewardship Areas do not contain any 

restrictions on existing land uses.  

D 1.1.4  Buffers  

Vegetated buffers serve an important function as described 

in Sections C.  Buffers are normally designated as open 

space (Class 1 (Significant Natural Features) Open Space 

using City of Cambridge terminology).  Public ownership of 

the buffer areas preserves the integrity and function of the 

buffer, and their ongoing management.  The ownership of 

buffers, their land use designation and the possible use of 

Conservation Easements will be negotiated at the 

Community Plan stage.  On existing privately owned 

residential lands, buffers will only become applicable when 

a zoning change and/or a development plan is submitted 

and approved for the subject lands. Existing land uses are 

not affected but residents and landowners are encouraged 

to seek advice on how to minimize encroachment into 

these areas when requesting building permits for pools, 

decks and minor building additions. Significant 

developments may require the completion of an 

Environmental Impact Study in support of the proposal (see 

Section D 2.5). 

Three options regarding Natural Heritage System 

management were presented and evaluated in Section C.  

The options included:  

• Option 1 - No Buffers – considered unacceptable 

under Provincial, Regional, City and GRCA 

Policies; 

• Option 2 – 30 metre buffers – considered 

adequate to protect local scale tree protection, 

wetland hydrogeology and water quality functions, 
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but inadequate to address corridor functions in the 

areas to be converted from agriculture to urban 

uses, and therefore unacceptable under 

Provincial, Regional, City and GRCA Policies.  

Subject to a Scoped EIS, buffers could potentially 

be reduced (minimum of 15 metres 

recommended) adjacent to upland habitat with 

successional cover; and 

• Option 3 – Enhanced Corridor - 30 metre Buffers 

supplemented with Enhancement Areas, creating 

a corridor 200 to 300 metres wide along Middle 

Creek, which would substantially maintain existing 

wildlife movements, reconnect fragmented 

sections, and eventually reinforce core habitats to 

offset the encroachment effects of urban 

proximity. On East Creek, a narrower linkage 

(minimum 50 metres) would be provided to 

connect the PSW areas and the Speed River 

corridor. This is considered adequate to address 

corridor functions under future urban conditions 

and therefore acceptable under Provincial, 

Regional, City and GRCA Policies.  Subject to a 

Scoped EIS, buffers could potentially be reduced 

(minimum of 15 metres recommended) adjacent to 

upland habitat with successional cover. 

On West Creek, a similar enhanced corridor (approximately 

50 m) would take advantage of existing natural heritage 

features in addition to enhancement and stewardship 

opportunities. 

These approaches are described on Table C 3.3.1 (NHS 
Alternative matrix) with regard to their impact to 

vegetation, wildlife, functions, future land use, trails and 

recreation.  Option 3 (Enhanced Corridor) is the 

recommended strategy as it is most effective in a) 

maintaining wetland habitats, wildlife, and corridor functions 

in an urbanized setting, b) minimizing future management 

requirements by the City and other agencies to maintain 

habitat quality and functions.  Figure C 3.3.1 therefore 

reflects Option 3. 

The existing landscape contains successional and cultural 

features (e.g., plantation) identified as medium constraint. 

Under existing conditions, these features contribute to 

ecological functions in the subwatershed by providing 

additional habitat structure, species diversity, and buffering 

from existing residential and agricultural uses. When more 

of the subwatersheds become urbanized, these functions 

will increase in importance. Wherever possible, these 

features should be incorporated into enhancement areas. 

They are not considered large enough to warrant dedicated 

buffers, but are to be protected from development through 

the establishment of a limit of development on (1) metre 

beyond the dripline of the outermost tree cover, where 

trees are the dominant cover, and at the limit of natural 

vegetation cover where successional cover (i.e., shrubs or 

herbaceous cover) is the dominant cover. The intention is 

to ensure that grading does not extend into these features. 

Based on consideration in the Community Planning 

process, most of these features should be further protected 

by the placement of enhancement areas as recommended 

under the Greenspace Management Strategy. 

The implementation of the buffer and enhancement areas 

will require detailed negotiations at the Community Plan 

stage. Section C also discussed possible use of 

Complementary Land Uses to further support the corridor 

functions through the future urban area.  

The recommended buffer standards meet or exceed those 

generally recommended by the Province, Region, City and 

GRCA, which are as follows:  

• ESPA: 1.5 x the crown radius (trunk to dripline) 

measured outwards from the dripline, minimum 7 
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metres with no significant, vulnerable or rare 

species. 

• Provincially Significant Wetland: Minimum 30 

metres from boundary edge. 

• Coldwater (perennial) Stream: Minimum 30 metres 

from top of bank, both sides. 

• Warmwater (intermittent) Stream: Minimum 15 

metres from top of bank, both sides. 

• Hedgerows: Dripline buffer, minimum 7 metres.  

Temporary buffer during construction of 1.5 x the 

crown radius (trunk to dripline) or 7 metre 

minimum from trunk. 

D 1.1.5  Aquatic Remediation Strategy 

Rehabilitation scenarios for the creeks within the Hespeler 

West subwatersheds were identified in Section C and 

options were discussed for this highly altered fluvial 

system. The advantages and disadvantages of these 

suggested approaches were discussed and 

recommendations made regarding system-wide options: 

1. Leave the systems as they are. 

2. Establish naturally vegetated riparian buffers in all 

areas where none currently exist. 

3. Protect and enhance existing buffers. 

4. Remove the on-line ponds. 

5. Remove or modify culverts that are barriers to 

upstream fish migration. 

6. Conduct site-specific remediation strategies for 

immediate problem areas. 

Section C describes the preferred alternative to rehabilitate 

the aquatic system as opportunities arise focused on the 

three creeks.  These opportunities will be further identified 

during the Community Plan process.  They are in order of 

priority:  Option 3, 2 & 6, 5, and 4. 

System-wide and site specific options will require final 

design consideration.  The design process will require 

extensive public and agency consultation prior to their 

approval and implementation. 

D 1.2  Lands Outside the Greenspace 
System 

D 1.2.1  Groundwater Recharge  

The groundwater aquifer provides base flow to both 

systems; the Chilligo and Hespeler West subwatershed 

creeks.  Maintaining infiltration rates will need to be 

considered during the community plan and subdivision 

scale stages. Buffer requirements outlined in Section D 

1.1.4 provides protection for high and medium constraint 

lands from groundwater disruption related to development. 

D 1.2.2  Restrictions on Infiltration Losses 

Surfacewater infiltration on lands surrounding the three 

creeks will be managed through subdivision approval and 

site plan control. Maintaining density requirements and lot 

sizes that maximize porous surface area and therefore 

infiltration is a prime consideration of this plan and the 

subsequent community planning process.  This is due to 

the importance of base flow to both systems: Hespeler 

West subwatersheds and the adjacent Chilligo Creek 

system and the desire to reduce the intermittent nature of 

the present system. 

D 1.2.3  Restrictions on Land Use 

Land generally north of Middle Creek and Maple Grove 

Road (outside the current City Urban Area) is an area that 

is intended to remain rural in nature where agriculture 

remains the dominant land use. South of this line is an area 

where urban development will continue to occur and where 

density and degree of lot coverage may impact 
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surfacewater infiltration properties of the area.  The area 

identified for development to the year 2016 is outlined in 

the City of Cambridge Official Plan.   

Compatible land uses may be considered in the areas 

included in the Enhancement Areas (see Section C 1.2 and 

Figure C 1.2.1).  These compatible land uses are primarily 

open space related recreational uses such as soccer fields, 

baseball diamonds, trails and viewing areas. 

D 1.3  Water Management Strategy 

The proposed Water Management Strategy has been 

based on the detailed studies outlined in the previous 

sections.  This overall strategy has three main goals: 

• To maximize infiltration across the subwatershed; 

• To protect the quality of the surfacewater and the 

groundwater in the subwatershed; and, 

• To minimize the impact of post-development 

conditions on downstream areas. 

These goals will be achieved with a combination of facilities 

across the catchments (i.e., one end-of-pipe facility is not 

satisfactory).  Section C 3.2 summarizes the development 

criteria (i.e., parameters, targets and the stormwater 

management components) for the various catchments 

generically across the study area.  Implementation of this 

criteria will be addressed by a preliminary Stormwater 

Management Plan at the Plan of Subdivision stage. 

Wetland cover is strongly reliant on discrete surface, and in 

the lower subwatersheds, groundwater conditions within 

individual subcatchments.  The maintenance of these 

linkages between the physical and biologic systems is 

critical to the protection of habitats reliant on groundwater 

recharge and discharge.  Infrastructure should avoid any 

major change to hydrology and water quality as it is 

discharged into receiving watercourse. 

Due to the altered nature of all three watercourses and 

parts of the subwatershed areas, the stormwater 

management parameters are important in enhancing and 

improving these areas.  This report has provided general 

guidelines for a variety of parameters related to stormwater 

quantity and quality (see Section C 3.2.2) which must be 

considered.  Monitoring of the facilities (see Section D 

2.10) during and after construction will confirm that they are 

operating properly.  It is therefore imperative that all targets 

be met where flows are discharged from the developing 

areas. 

The Water Management Strategy includes primary facilities 

such as: lot-level infiltration, soakaway pits, or extended 

detention wetlands.  Secondary facilities may also be 

implemented which will include: oil/grit separators, rooftop 

and parking lot controls, filter strips, buffer strips, grassed 

swales, and reduced lot grading outside the building 

envelope. 

All facilities will be required to meet stormwater 

management targets and will generally be designed in 

accordance with the standard practices at the time of the 

development application submission (e.g., Stormwater 

Management Practices (SWMP) Planning and Design 

Manual, MOEE, 1994 or the most recent version), and the 

City of Cambridge Guidelines.  The selection and siting of 

facilities must account for site specific hydrogeologic 

considerations such as soil infiltration potential and 

connectivity with the regional aquifer and potential for 

groundwater contamination.  Performance criteria for the 

overall management strategy are detailed in Section D 

2.10.  These performance criteria will take precedence over 

any performance criteria presented in the SWMP Planning 

and Design manual. 
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Many facilities will also provide stormwater management for 

more than one landowner.  These facilities are provided by 

the developer of the lands with the City cost–sharing for 

any oversizing required to accommodate external lands 

draining to the facilities. 

D 1.3.1  Stormwater Quality   

A portion of the developable area of the subwatershed 

recharges to the regional aquifer contributing to both 

systems: Hespeler West creeks and Chilligo Creek.  

Therefore, maintaining existing water quality is necessary 

to protect the function and quality of this aquifer and to 

protect downstream fisheries and fish habitat.  Level 1 

water quality control (MOEE 1994) is required based on 

habitat issues related to the Speed River and due to the 

existence of the Speed River PSW. 

Stormwater management practices (SWMP) are described 

and evaluated in Section C 3.2.  These include both 

primary and secondary control methods and are described 

under the three categories of lot level controls, conveyance 

controls and end of pipe controls. It is anticipated that a 

combination of several of the measures outlined in this 

section will be required to meet water quality targets.  

D 1.3.2  Stormwater Quantity 

As discussed above, stormwater management practices 

(SWMP) are described and evaluated in Section C 3.2.  

These include both primary and secondary control methods 

and are described under the three categories of lot level 

controls, conveyance controls and end of pipe controls. It is 

anticipated that a combination of several of the measures 

outlined in this section will be required to meet water 

quantity targets. Generally, post development conditions 

will need to match pre development conditions and they will 

need to meet instream erosion targets.  In addition, any 

discharge to the Speed River PSW will require volume 

control. 

Stormwater management (SWM) pond locations for end of 

pipe controls have not been identified within the study area. 

Their locations and their impact on natural heritage values 

and buffer conditions such as proximity to floodplains and 

sensitive vegetation communities will need to be evaluated 

as part of the more specific community planning and site 

control stages. 

It is recommended that the frequency of flooding on East 

Creek at the Beaverdale Road crossing be reduced by 

upgrading the culvert structure to pass the 25-year event 

discharge as a minimum. This should be investigated 

during any reconstruction of Beaverdale Road 

D 1.3.3  Infiltration 

Infiltration rates are generally high over most of the study 

area due to the sand and gravel deposits. These recharge 

rates must be maintained or enhanced for any new phase 

of development.  A “no-net-loss” approach should be 

implemented until the relationship of groundwater 

infiltration with Chilligo Creek is fully understood as our 

investigations have shown that groundwater contributions 

to Ellis Creek are important.  We understand that a 

subwatershed study for Chilligo Creek is being considered 

by the GRCA at the present time. 
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D 2.1  Interim Land Use Management 
Strategy 

The Hespeler West subwatersheds are comprised of 

natural heritage features and functions that are inter-

related. These features are identified and defined with 

varying degrees of environmental sensitivity. The 

management premise is that you protect those areas and 

functions that are certain to be environmentally significant 

and provide opportunities to further assess those areas 

with marginal environmental significance or sensitivity in 

more specific planning exercises and development 

processes that are prerequisites to development. 

Implementation of these management options which reflect 

the goals and objectives of the subwatershed study are 

discussed under the following headings:  

D 2.1  Interim Land Use Management Strategy 

D 2.2  Greenspace Management Strategy 

D 2.3  Aquatic Rehabilitation Strategy 

D 2.4  Conceptual Trail Strategy 

D 2.5  Environmental Impact Studies (EISs) 

D 2.6  Community Plan 

D 2.7  Best Management Practices 

D 2.8  Tree Protection 

D 2.9  Adaptive Management Strategy 

While the majority of the information outlined in the 

foregoing headings can be applied to the whole of the 

study area, specific components will generally be 

applicable only to the area anticipated for development as 

outlined in the City of Cambridge Official Plan. This area is 

generally described as south of Maple Grove Road (see 

Figure C 2.1.1).  The proposed Countryside Line may 

ultimately form the limit of development but no decision is 

expected to be taken until this matter is examined in 

greater detail during the next Official Plan review. 

The City of Cambridge Official Plan (OP) and Region of 

Waterloo Official Policies Plan (ROPP) should be amended 

to incorporate recommendations from the Hespeler West 

Subwatersheds Study.  Specifically, the amendments 

would include: 

ROPP PSW, candidate ESPAs. 

City OP PSW, LSNA, floodline, Community Plan 

recommendations (i.e., buffers). 

These amendments should be completed as soon as 

possible upon the completion of the Subwatershed Study to 

ensure adequate protection. Public ownership of these 

areas by the City or Conservation Authority would increase 

the level of protection for these features. 

D 2.2  Greenspace Management Strategy 

The Greenspace Management Strategy is comprised of a 

Natural Heritage System, Aquatic Rehabilitation Strategy, 

Conceptual Trail Strategy and EIS requirements. The 

Greenspace Management Strategy will protect the key 

environmental features associated with the Hespeler West 

subwatersheds and preserve their functions. These 

features and functions are included due to their role and 

significance in achieving the goals and objectives of the 

Subwatershed Study. The Natural Heritage System can be 

described as being comprised of Core Areas (which include 

existing and proposed LSNAs, in addition to other High 

Constraint Areas, Regulatory Floodplains); Aquatic Habitat; 

D 2.0  IMPLEMENTATION 
FRAMEWORK 
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Buffers; Linkages; and Enhancement and Stewardship 

Areas.  The organization chart first introduced in Section A 

is provided again to assist in explanation. The Aquatic 

Remediation Strategy, Community Trail Strategy, and EIS 

Requirements are explained under separate sections (D 

2.3 to D 2.5) due to their importance in the implementation 

of the study. 

Greenspace Management Strategy 
Aquatic Remediation Strategy (Refer to Section D 2.3) 
Community Trail Strategy (Refer to Section D 2.4) 
EIS Requirements (Refer to Section D 2.5) 
Natural Heritage System Core Areas Aquatic Habitat Buffers Linkages Enhancement and 

Stewardship Areas 
 - Environmental Policy Areas (PSW, ESPA, LSNA) 

- Environmental Constraint Areas (High) 
- Regulatory Floodplain Areas 

It is recommended that the Natural Heritage System 

components appear on appropriate mapping and with 

appropriate text in the Community Plan to support the goals 

and objectives of the Hespeler West Subwatersheds Study. 

These mapping designations would include Natural 

Heritage Corridors, Open Space, Provincially Significant 

Wetlands, Locally Significant Natural Areas and 

Environmentally Sensitive Policy Area designations, buffers 

and perhaps Enhancement and Stewardship Areas to 

protect and enhance the environmental features contained 

within their boundaries (see Figure C 3.3.1). 

These Natural Heritage System components and features 

can be complemented through the Community Plan 

process by the establishment of parks and open spaces 

and other complementary land uses consistent with the 

Greenspace Management Strategy (see Section C 3.3 – 

Management Alternatives). This may include portions of the 

Conceptual Trail Strategy (as per Section D 2.4) within 

those areas that are not sensitive to environmental 

disturbance. 

Opportunities by both public and private interests to 

enhance habitat cover and linkage functions outside 

existing Core Natural Heritage System areas (i.e., buffers 

and enhancement areas) include: 

• consolidation of fragmented natural habitats or 

irregular natural feature boundaries in the lower 

and upper Subwatershed using naturalization, 

reforestation, and/or habitat restoration; 

• protection of successional habitats on the same 

basis as more mature habitats; successional lands 

support diverse and some specialized species as 

well as provide valuable functions (e.g., water 

quality enhancement); 

• enhancement of stream and wetland corridors to 

exceed existing vegetated buffer widths to achieve 

a  total primary corridor width of 200 to 300 m 

along Middle Creek; on East Creek, a narrower 

linkage (min 50 m) would be provided to connect 

the PSW areas and the Speed River corridor; 

• naturalization of portions of public open space and 

private recreational lands; 

• integration of new or established features 

(hedgerows, small woodlots, successional 

features, utility easements) as linkages; and 

• landscape-level management of species diversity, 

through the widespread promotion and use of 
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native plant materials and the control of invasive, 

non-native species including areas such as 

streetscapes, public parks, and stormwater 

facilities. This would be undertaken by the City 

and developers. 

In order to successfully integrate identified natural features 

and expand opportunities in the context of creating a net 

gain of local corridor functions to offset the change in land 

use, consideration must be given at the Community Plan 

and Subdivision level to ensure that: 

• core features reliant on local overland flows and 

groundwater conditions are adequately protected; 

• features and their natural functions and attributes 

are protected, by means of buffering, fencing, 

development setbacks and other site specific 

management approaches; 

• habitat augmentation, restoration and stewardship 

occurs to reinforce habitat cover in the three 

Hespeler West creek corridors, improve habitat 

connectivity, and enhance ecosystem functions 

after development (includes conservation 

easements on private lands, buffers on public 

lands, naturalization of disturbed or degraded 

lands to be dedicated as public parks, stormwater 

management wetlands, naturalized utility 

easements, culvert retrofitting for wildlife 

movement); 

• locations and standards for trails, stormwater 

management facilities, and other infrastructure are 

compatible and protective of natural features and 

functions in the long term; and 

• Landownership (private versus public versus 

Conservation Easements) of natural features. 

Buffers provide a key component in the Natural Heritage 

System. A substantial increase in natural cover can be 

most effectively achieved through the adequate buffering of 

existing natural cover (forests, wetlands), riparian corridors 

and stormwater facilities, and naturalization of utility 

corridors wherever available. Buffers (minimum of 30 

metres adjacent to the core natural features) and 

enhancement areas to retain ecological functions under 

future conditions are consistent with the “adjacent land” 

definition in the Provincial Policy Statement. Normally, any 

adjustments to the recommended buffers and other 

protective measures for these features are determined on 

the basis of site specific Environmental Impact Studies (see 

Scoped EIS Requirements). The ROPP provide a definition 

for the expression “contiguous to” that may be more or less 

than the suggested buffer widths. This is dependant on the 

ESPA location and site conditions. 

The plan will be implemented by the City of Cambridge in 

conjunction with the major stakeholders and relevant 

government agencies.  The timing of implementation for the 

various sections of the Greenspace Management Strategy 

should be at the Community Plan, Draft Plan of 

Subdivision, and Scoped EIS reports for the specific areas 

of the subwatershed. It is the intent that the Community 

Plan for applicable areas of the subwatershed will 

implement the recommendations of the subwatershed 

Management Strategy through the formulation of specific 

policies.  The Greenspace Management Strategy provides 

the framework for protection, enhancement, and use of 

ecological resources in the area.   

The Greenspace Management Strategy for the 

subwatershed incorporates the following key features: 

• Identify responsible agencies for each component 

of the open space; 

• Identify ownership options of the ecological 

resources (private / public / easements); 

• Incorporate natural regeneration and 

naturalization of buffers; 
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• Incorporate the Aquatic Rehabilitation Plan for the 

conservation and rehabilitation of the creek 

systems and associated wetlands; 

• Develop community accessible trails within the 

Open Space that are ecologically sustainable; 

• Conduct Environmental Impact Studies where 

proposals exceed protective thresholds, or where 

information to support detail design is considered 

inadequate; 

• Outline and initiate a monitoring program that 

defines limits of acceptable change for 

sedimentation, bank stability, aquatic and riparian 

vegetation for the open space areas; 

• Further define buffers for wetlands, enhancement 

areas, hedgerows and riparian communities; and 

• Develop and implement public education and 

stewardship programs outlining terrestrial 

protection, conservation, rehabilitation/ 

enhancement, principles of the Community Trails, 

approach to personal property use, community 

stewardship and monitoring. 

Many of these items will be more fully investigated through 

a subsequent Community Plan and implementing Official 

Plan amendment policies that will designate land use. 

D 2.3  Aquatic Rehabilitation Strategy 

The preferred management option regarding the 

management of the related watercourses within the study 

area includes retaining components while rehabilitating 

other portions of the channel. These actions will assist in 

rehabilitating the entire watercourse systems to an 

improved state that better reflects a stable and functioning 

natural system. These actions will be directed by the 

recommendations outlined in Section B and C and should 

be implemented through an Aquatic Systems Rehabilitation 

Strategy for Hespeler West (see Figure C 3.1.3).  

Portions of Middle Creek are subject to the Drainage Act 

(reference should be made to the Hunsperger Drain Report 

from the City of Cambridge) and as such, any future work 

in the area should consider this status. All 

recommendations of the Hespeler West Subwatersheds 

Study that pertain to the Hunsperger Drain are to be 

considered in any future Drainage Report. If future works 

do impact the Drain, the City will be required to modify the 

catchment area and update the assessment.  We note that 

abandonment will require a Drainage Report, as prepared 

by a Professional Engineer, however, there is no priority 

placed on abandonment as a result of this study. We also 

note that the City may be the largest landowner within the 

catchment area and may petition for abandonment.  

D 2.4  Conceptual Trail Strategy 

It is necessary that a Community Trail system be supplied 

by this Conceptual Trail Strategy and through more 

comprehensive trail analysis at the Community  Plan stage.  

The general goals of the trail system should be: 

• to encourage passive recreational use of least 

environmentally sensitive or most resilient natural 

areas; 

• to provide non-motorized options for people in a 

way that is efficient, convenient, enjoyable, and 

reasonably safe; 

• to channel pedestrian traffic away from areas of 

special ecological sensitivity, steep slopes, areas 

of erosion, and to discourage the creation of new 

unauthorized trails; 

• to provide a degree of pedestrian and wildlife 

safety in a natural setting; 

• to provide opportunities for the appreciation of 

nature; 

• to design trail treads with pervious material; 



 

 

Page D-13

September 2004 

• to provide a healthier, better informed, 

appreciated, human/environment relationship; 

• to facilitate efficient maintenance by parks staff; 

and 

• to provide connection to existing and future 

communities and to serve as links in the trail 

network spanning Cambridge. 

The specific components, with conclusions, are described 

in Section C 3.4.  In order to help guarantee the longer-

term success of the trail system, participation by the public 

should be considered. 

D 2.5  Environmental Impact Studies 

Current policies including the Provincial Policy Statements, 

Regional OP Policies, and the City OP provide a hierarchy 

of significance and protection for environmental features. 

The existing policy framework suggests “No Development” 

within: 

• Provincially Significant Wetland boundaries; 

• Existing watercourses of the East, Middle and 

West Creeks; 

• Regulatory floodplain (other than limited 

development of SWM facilities); 

• Approved ESPAs; and 

• LSNA designated Class 1 (Significant Natural 

Feature) Open Space. 

The “no development” areas listed cover all high constraint 

and some medium constraint features identified in this 

study.  Limited development may be considered in the 

existing policy framework however only after consideration 

to the environmental significance of features and functions 

through the completion of supplementary Environmental 

Impact Study (EIS) investigations relating to proposals for 

encroachment into: 

• Locally Significant Natural Areas (not designated 

Open Space); 

• Medium constraint woodlots / forested areas (not 

within ESPA or designated LSNA); 

• Groundwater infiltration and discharge zones; 

• Locally significant wetlands (not within ESPA or 

designated LSNA); and 

• Buffer areas. 

As outlined in Section C 3.3.3, it is recommended that 

Option 3 be implemented incorporating a 30 metre buffer 

surrounding the core natural features as discussed in 

Section C 3.3.2 and shown on Table C 3.3.1.  A minimum 

buffer of 30 metres must be implemented to provide 

protection to the features and their functions.  Option 3 also 

recommends the supplemental provision of enhancement 

areas in key areas (see Figure C 3.3.1) to maintain existing 

landscape and corridor functions in accordance with 

provincial, Regional and City policies.  Section C 3.3.3 

summarized the key components of the system and their 

rationale.  

This subwatershed study has been conducted to the level 

of a Comprehensive Environmental Impact Study, which 

defines limits of development and recommended 

management strategies under future conditions.  Scoped or 

Full Site Environmental Impact Studies should be required 

where proposals exceed protective thresholds identified in 

the Subwatershed Plan, or where information to support 

detail design is considered inadequate.  In general, the 

more extensive the encroachment/interference, the more 

detailed the required studies to examine alternatives, 

identify impacts, and recommend means to avoid or reduce 

impacts.  Typically, such EIS investigations must address 

impacts to surface water, groundwater, vegetation and 

ecological functions where development of various types is 

proposed within buffers or protected natural features, or 

where adequate “functional buffering” is desired (e.g., for 
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stormwater facility placement and functional design).  EIS 

studies will be completed by the development proponent, to 

the satisfaction of the City of Cambridge and those public 

agencies having jurisdiction. 

Table D 2.5.1 summarizes EIS requirements in different 

areas of the subwatershed.  Development beyond the 30 

metre buffer can usually occur without the need for an EIS, 

subject to findings of the Community Planning process 

which will identify the recommended enhancement areas 

required to provide optimum corridor functions in key areas 

of the subwatershed.  Full service trail development (i.e., 

asphalt surface) would not be allowed within buffer areas, 

or natural (limestone screening or wood-chip surface) 

closer than 15 metres to wetland features except under 

guidance of an EIS.  A groundwater discharge zone has 

been identified generally located across the slope above 

the Speed River valley; this is connected to floodplain 

wetlands along the East and Middle Creeks downstream of 

Maple Grove Road, and along West Creek. These are 

sustained by a broadly based shallow water table condition 

on adjoining lands.  Therefore scoped EIS should address 

groundwater effects within 120 metres of the Creeks in 

these areas, including consideration of the groundwater 

assessment factors listed in Table D 2.5.1. 

Future EIS work may rely on data collected for the 

Subwatershed Study for up to five (5) years after the 

adoption of the study by the City.  However, updated or 

more site-specific information may be requested by the 

City, Region or GRCA depending on the nature of specific 

proposals. 

D 2.6  Community Plans 

Community Plans are a requirement of the City of 

Cambridge.  They are described in Section 3.2.1.2 of the 

Official Plan as a document to: 

“…provide guidance and a framework within which 

approvals for amendment to the Official Plan or for plans of 

subdivision, zoning, site plans and other applications can 

be considered, building on other policies of the Official Plan 

and recommendations of watershed plans and other 

special studies, to provide a greater level of detail on how 

an area will develop. They implement such matters as the 

design and layout of trunk infrastructure, the protection of 

natural systems and built heritage resources over broad 

areas, the identification of hazard lands, and the planned 

function and coordination of individual developments for 

diverse and compatible land uses.” 

Issues that will be more precisely defined in the Community 

Plans will relate to road and servicing crossings, density of 

development, identification of areas to be acquired or 

zones to accomplish the enhancement area functions 

under future development (in addition to the main buffers 

recommended in this study), and site specific criteria for the 

preparation of scoped Environmental Impact Studies.  In 

addition, the Plan should address the issue of sand and 

gravel deposits currently being extracted, future extraction 

plans and rehabilitation options that are consistent with the 

goals of the Greenspace Management Strategy. 

Community Plan recommendations must achieve the 

following management measures: 

• identify steps to implement buffers and their 

policies explaining the criteria for establishing the 

width, use and location; 

• identify the ownership options for the buffers; 

• identify steps to implement the aquatic 

rehabilitation procedures that provide for the 

improvement of the watercourse systems from an 

environmental perspective; 

• identify steps to implement the Community Trail 

Strategy goals and methods of creating them as 
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part of Community Planning and or subdivision 

plan process; 

• provide direction on the implementation of the 

Water Management Strategy concerning 

stormwater and infiltration opportunities; 

• recognition of approved licences made under the 

Aggregate Resources Act in conjunction with the 

final implementation of the Greenspace 

Management Strategy; 

• implementation of an adaptive environmental 

monitoring strategy that provides for the 

continuous municipal assessment of the Hespeler 

West subwatershed ecosystems; 

• recognition of the Hespeler West Subwatersheds 

Study as integral to planning and development 

within this portion of the City of Cambridge; and 

• recognizing that tree protection is an important 

part of the protection of the natural heritage 

features identified, policies should be 

administered to follow the intent of preservation of 

these areas. 

Issues related to phasing of development should also be 

implemented through the Community Planning process. 

The purpose of phasing is to identify inter-development 

timing dependencies for construction of stormwater and 

environmental management infrastructure which would 

serve to: 

• minimize overall cost; 

• minimize environmental impacts due to repeated 

construction disturbance;  

• minimize requirements for temporary works; and 

• avoid liability associated with impacts of out-of-

phase works. 

Typically, new development does not proceed in a 

sequence which is compatible with the timing and need for 

major infrastructure projects. This is particularly true of 

drainage works. When this occurs, it is necessary to have a 

good understanding of the dynamics of the proposed 

system along with all its interdependencies. These include 

temporary works, SWM facility staging, centralization, 

stream corridor management and the maintenance of “out-

of-phase” linkages. The Community Plan process will 

confirm servicing requirements that will trigger any 

necessary Environmental Assessment. 

The Greenspace Management Strategy in particular needs 

to be implemented through the Community Planning 

process and prior to development occurring so to establish 

and protect the watercourse and take advantage of 

rehabilitation opportunities associated with development 

related infrastructure (e.g., the siting of storm water 

management facilities).  Funding and implementation of the 

Greenspace Management Strategy may be possible 

through Development Charges process. Use of the Holding 

Zone land use designation may be considered for the 

Greenspace Management Strategy in the interim. There 

may also be a role in the development community initiating 

some of the preliminary investigations further in the interim. 

The City may wish to investigate these possibilities further. 

D 2.7  Best Management Practices 

Where lands are designated and used for agriculture, 

agricultural Best Management Practices (BMP’s) are 

recommended to achieve subwatershed goals.  These 

practices, outlined in Section B, are directly related to the 

protection and management of surfacewater quality and the 

reduction of non-point pollution sources. Such practices as 

conservation tillage, crop rotation and contour cropping will 

assist in the prevention of soil erosion and potential nutrient 

loading to the related watercourses. 
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Where lands are designated and used for residential use, 

residential BMP’s are recommended to address issues 

such as pesticide use on lawns, domestic pet manure, and 

related issues. These will include issues such as fencing,  

the elimination of trimming and cutting of the grassed area 

surrounding the  wetlands and creek systems. 

Industrial BMPs take the form of compliance with the ISO 

14000 Series of Environmental Management Practices, 

which ensure environmental safeguards are in-place to 

assist industries in approving contingency plans; and have 

in place emergency measures that will safeguard the 

environment and local ecosystems in addition to workplace 

safety. These programs are voluntary with respect to City 

and Regional land uses however have become common 

and required in some Sectors due to the requirements of 

financial institutions and insurance companies. Besides 

simply allowing industry to fulfill obligations to governments 

that may require them to attain ISO 14001 registration, 

implementation of the standards will help businesses to 

prevent violations of environmental law. Environmental 

auditing can improve efficiency by uncovering poor 

environmental practices in such areas as production and 

waste management. With an internationally recognized 

environmental risk management and auditing system in 

place, corporations will also lower the risk of environmental 

accidents and improve pollution and hazardous waste 

control. Companies who are registered to ISO14001 are 

also expected to compel their suppliers to become 

compliant with the Standard, thereby creating a trickle-

down effect.  

The size and magnitude of industrial properties within 

Hespeler West subwatersheds warrant consideration of this 

industry standard, in fact Toyota Motor Manufacturing 

Corporation is registered as to compliance with ISO14001.   

D 2.8  Tree Protection 

Opportunities to achieve the goal and objectives of the 

Subwatershed Plan may occur through other related land 

use processes and regulations.  These may include the 

Region’s Tree By-law (By-law No. 99-045) and the City’s 

Tree Management Policies and Guidelines for 

Development.  The Regional Tree By-law applies to all 

woodlots (rural and urban) 0.8 ha in size or greater.  It does 

not apply to lands under draft plan of approval.  The City’s 

Tree Management Policies and Guidelines for New 

Developments may also provide a mechanism to protect, 

preserve, manage, replace forested areas within the City 

(Policy 6.4.1.4).   Please note that the terminology used in 

the Regional Municipality of Waterloo ‘Tree By-law’ should 

not be confused with other similar terminology used to 

describe vegetation resources, such as in Section B 

8.3.2.1. 

D 2.9  Adaptive Management Strategy 
(Monitoring) 

It is recommended that an Adaptive Management / 

Monitoring Strategy be adopted and implemented on the 

subwatersheds.  This section recommends that public 

agencies and public stewardship programs undertake the 

Systems and Post-Development Monitoring and that the 

During Development Program be undertaken by the 

developer.  The During Development Program includes 

three phases: 1) pre-development; 2) during construction; 

and 3) guarantee period.  The proponent is responsible for 

monitoring surfacewater, groundwater, and terrestrial 

features which could potentially be impacted by 

construction. 

A Monitoring Program is required to ensure the required 

management practices are performing as designed and to 

determine whether the High and Medium Constraint areas 

are affected by future development.  A comprehensive 
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maintenance and monitoring program is required to ensure 

the proposed management measures for the development 

are adequate.  The response program will also provide 

guidance for appropriate response actions if problems are 

identified.   

The monitoring program is in three parts which includes:  

• System Monitoring; 

• During Development Monitoring; and 

• Post-development Monitoring.   

The proposed proponents for the During Development 

Monitoring would be the developer.  The proposed System 

Monitoring will occur across the Hespeler West watershed 

and will be carried out by the municipality and other 

agencies or groups (e.g., the Grand River Conservation 

Authority, the Ministry of Natural Resources, the Region of 

Waterloo or community groups).  A table showing terrestrial 

aspects of the Natural Heritage System is provided. The 

scope of the During Development and Post Development 

Monitoring are limited to the developing areas.  The 

proposed proponents for the Post-Development Monitoring 

would be the municipality.  Table D 2.9.1a outlines the 

base monitoring program components, requirements, and 

proponents. 

Other parameters to be monitored as part of the Program 

are: 

Groundwater: Groundwater levels should be measured 

during the spring, summer and fall at appropriate 

monitoring wells. Groundwater quality samples from the 

wells should also be analyzed regularly for general 

chemistry. 

Water Temperature:  Maximum/Minimum thermometer 

placed in the creeks, checked regularly and recorded when 

water is flowing.  Alternately, a temperature datalogger 

(such as HOBO’s) could be used to provide more detailed 

information. 

Erosion Assessment:  Two permanent erosion stations 

should be established on each of the watercourses.  Use of 

the existing sampling locations (Figure B 4.3.2) will provide 

continuity and a longer period of record).  Channel 

renaturalization for creek portions will be carried out in 

conjunction with proposed development.  Once this has 

been completed and the system stabilized, cross-sections 

of the watercourse should be surveyed at the indicated 

locations (see Figure B 4.3.2).  As part of the erosion 

assessment, a photographic inventory and inspection of the 

entire watercourse should be carried out annually to 

monitor any change to the cross-sections. 

Terrestrial Resources: During the preparation of the 

Subwatershed Plan, a significant amount of data on 

vegetation and wildlife species and habitats was collected 

and recorded.  This information will be updated as 

development occurs over a period of years, largely through 

additional Environmental Impact Studies (see Section D 

2.3.), and future Official Plan Reviews. Table D 2.9.1b 

summarizes:  

• Features or Systems to be monitored; 

• Parameters to be monitored (including timing); 

• Locations to be monitored; 

• Monitoring Evidence that warrants action; 

• Adaptive Management Response; and 

• Responsible agencies/groups. 

Table D 2.9.1b summarizes key monitoring parameters, 

focusing on boundary integrity of features, ecological 

integrity indicators (species diversity, physical attributes), 

unauthorized activities, and problem species. Remote 

sensing using aerial photographs can document gross 

changes in shape, composition or density of vegetative 
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cover.  Permanent vegetation plots (monitored for 

composition, and vegetation type under the Ecological 

Land Classification system) and photographic inventories 

at fixed locations in key habitats and buffer areas are 

effective to produce a consistent base of long term 

conditions. 

The Hespeler West Subwatersheds Study has indicated 

that wildlife movement and habitat utilization is extensive in 

the study area. From a monitoring perspective, wildlife are 

useful indicators of changes to habitat quality. As individual 

species and as species associations, birds can be excellent 

indicators of habitat quality that are readily surveyed in the 

appropriate seasons.  The monitoring of habitat specialist 

bird species (rather than habitat generalists that will likely 

increase in number after development) during the breeding 

season, will provide an efficient sample of subwatershed 

terrestrial health and changes. Observations of birds, 

mammals and amphibians provide evidence of habitat and 

buffer adequacy. A network of permanent monitoring points 

in the PSW and enhanced corridors (including bird survey 

stations in areas at least 100 metres from the forest edge) 

would effectively track changes over time.   

Table D 2.9.1b contains detailed specifications for site-

specific monitoring, based on an approach developed by 

the City of Waterloo, Regional Municipality of Waterloo, 

and City of Kitchener.  The City and GRCA should develop 

resources and personnel equipped for this level of 

monitoring. Over time, stewardship programs and local 

naturalists can be trained to collect this information using 

established protocols (Ontario Breeding Bird Atlas, Marsh 

Monitoring Program). 

Water Quality:  Water quality samples should be taken 

during the spring, during the fall and during the summer 

after a rainfall event greater than or equal to 25 mm.  The 

samples should be analyzed for concentrations of 

suspended sediments, bacteria and phosphorus, in situ 

measurements of dissolved oxygen, temperature and flow 

should also be carried out at the time of sampling. Where 

infiltration of road runoff is approved, groundwater should 

be monitored for salt. 

Benthic and Fishery Inventories: For the perennial portion 

of Hespeler West near the downstream end, sampling of 

benthic and fish communities is recommended.  Fisheries 

data collected during the Subwatershed Study will assist in 

the development of an existing fisheries database. 

D 3.0  SUMMARY RESOLUTION OF 
ISSUES AND PROBLEMS 

The goal of the Hespeler West Subwatersheds Study is to 

protect, maintain and enhance the ecological processes 

and functions and significant natural features of the 

subwatershed in a way which is environmentally sound and 

socially and economically sustainable. 

The following table outlines the issues and tools/ 

requirements identified in the outset of the study and 

discussed in previous sections of the Subwatershed Plan. 
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Table D 3.0.1  Subwatershed Objectives, Issues and Actions 

 Objectives Issues Tools / Requirements Key Recommendations 

 

 
1. AQUATIC 
1.1  To identify, protect, maintain 
and enhance aquatic resources. 
1.2  To prepare a strategy for the 
aquatic component of the 
Hespeler West creeks. 
1.3  To determine the impact of 
bridges, dams and ponds on fish 
habitat. 
1.4  To determine the status, 
potential, and management 
objectives for Hespeler West in 
accordance with the Grand River 
Fish Habitat Management Plan. 

 
 
A, B, C, E, F, G, I 

 
 
Delineate and Protect green 
space system functions and 
features. 
Rehabilitate key creek reaches 
and associated ponds. 
Maintain/improve riparian 
conditions along selected 
stream reaches. 

 
 
Adoption and implementation of 
the Aquatic Rehabilitation 
Strategy. 

 

 
2.TERRESTRIAL 
2.1 To identify, protect, maintain 
and enhance terrestrial 
resources. 
2.2 Identify, protect and manage 
Environmental Preservation 
Areas, Environmentally Sensitive 
Policy Areas and Regionally 
Significant Natural Corridors. 
2.3 To confirm the wetland 
boundaries and the status of the 
wetland complex. 
2.4 To prepare a strategy for the  

 
 
A, E, F, H, I, J 
 
A, B, C, F, H, I 

 
 
Delineate and Protect green 
space system functions and 
features. 
Delineate and protect 
environmentally significant 
areas. 
Direct scoped EIS reports to 
guide adjacent development. 

 
 
Adoption and implementation of 
the Green Space Management 
Strategy. 

 

terrestrial component of each 
creek system. 
2.5 To assess and provide 
recommendations for future 
management of the agricultural 
lands within the subwatershed. 

   

 

2.6  To determine a preferred 
Natural Habitat Network and the 
elements of a Natural Habitat 
Network/ Greenspace 
Management Plan as per the 
Regional Official Plan Policies. 

   

 

2.7  To determine appropriate 
woodlot and vegetation 
management strategies. 
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Table D 3.0.1  Subwatershed Objectives, Issues and Actions 

 Objectives Issues Tools / Requirements Key Recommendations 

 

3.  NATURAL HAZARDS 
3.1  To minimize the risk to life 
and property due to flooding and 
erosion. 

 
A, B, E 

 
Implement appropriate BMP’s 
that maintain / reduce runoff 
peaks and volumes, 
Delineate regulatory flood 
lines, 
Require levels of development 
and runoff peak and volume 
control that maintain existing 
flood lines, 
Manage floodplain as 
integrated whole within 
greenspace system. 

 
Adoption and implementation of 
the Natural Heritage Strategy 
and the Stormwater 
Management Strategy. 
 

 

 
4.  SURFACEWATER 
RESOURCES 
4.1  To preserve natural 
hydrological systems. 
4.2  To protect and manage 
surfacewater quality and quantity 
in order to ensure the future 
ability of Regional water-taking 
requirements and maintain the 
assimilative capacity of 
downstream wastewater 
treatment plants. 

 
 
 
A, B, E, F, G 
 
 
D 

 
 
 
Delineate and protect 
greenspace system functions 
and features, 
Rehabilitate key creek reaches 
and associated ponds, 
Maintain /improve riparian 
conditions along selected 
stream reaches, 
Delineate and protect 
environmentally significant 
areas. 

 
 
 
Adoption and implementation of 
the Natural Heritage Strategy 
and the Stormwater 
Management Strategy. 
 

 

 
5.  GROUNDWATER 
RESOURCES 
5.1  To preserve natural 
hydrogeologic systems. 
5.2  To protect and manage the 
quantity and quality of 
groundwater resources. 
5.3  To determine implications on 
water quality and quantity from 
infiltrated stormwater runoff from 
development. 

 
 
 
D, F, H, J 

 
 
 
Implement appropriate water 
quality control BMP’s and 
promote infiltration and/or 
sedimentation control and 
maintain / reduce runoff peaks 
and volumes, 
Limit impervious cover, 
Promote water conservation, 
Protect greenspace system 
functions and features. 

 
 
 
Adoption and implementation of 
the Natural Heritage Strategy 
and the Water Management 
Strategy. 

 

 
6.0  THE RURAL and URBAN 
ENVIRONMENT 
6.1  To develop an ecosystem-
based approach to land use 
planning and resource 
management in the 
subwatershed. 

 
 
 
ALL 
 
 
 

 
 
 
Identify process related to 
implementing management 
options through land use planning 
and stewardship approaches. 

 
 
 
Adoption and implementation of 
the Subwatershed Management 
Strategy composed of the 
following components: 

 

6.2  To produce an  
implementation and monitoring 
plan to guide future development 
in the subwatershed. 

 
 
ALL 
 

*Identify monitoring requirements  
related to the management 
options. 
 

The Greenspace Management  
Strategy; 
The Aquatic Rehabilitation 
Strategy; 
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Table D 3.0.1  Subwatershed Objectives, Issues and Actions 

 Objectives Issues Tools / Requirements Key Recommendations 

 

6.3  To determine and address 
the implications on development 
opportunities on the provision of 
infrastructure. 

D, E  
 
 
 

The Water Management Strategy,
Community Trail Strategy; and 
The Adaptive Management - 
Monitoring Strategy 

 

6.4  To determine the current 
state of repair of bridges, dams 
and ponds and to develop long-
term remediation 
recommendations which would 
address public safety, 
maintenance and operation, 
public use and aesthetics. 
6.5  To determine ownership and 
management strategies of the 
Greenspace Management 
Strategy. 
6.6  To determine the appropriate 
buffers from development. 
6.8  To determine the location 
and status of any existing 
agricultural or municipal drains. 
6.9  To determine a potential trail 
system with potential linkages 
(within and beyond the 
subwatershed) and 
interconnection of natural areas. 

  
 
 
 
 
 
 
 
 
 
 
 
Delineate and protect greenspace 
system functions and features, 
Delineate and protect 
environmentally significant areas. 
 

 

Issues List for Table  
A. Hespeler West Green Space Management Strategy – status and future plans – ownership, management; 
B. Bridges, Culverts and Ponds – impact on fisheries, current state of repair, recommendations;-Fisheries – status, potential, 

management objectives (per Grand River Fisheries Management Plan); 
C. Wellhead protection area – implications for stormwater infiltration; 
D. Hespeler West Subwatershed Wetland Complex – confirmation of wetland boundaries, buffers from development; 
E. Location and status of municipal drains; 
F. ROPP Elements of the Natural Habitat Network); 
G. Woodlot protection and vegetation management; 
H. Potential trail linkages (within the subwatershed and beyond) and interconnection of natural areas; and 
I. Agricultural land classification and consideration. 

 

D 4.0  KEY RECOMMENDATIONS 

These recommendations are to be read and implemented 

in conjunction with the findings and recommendations 

addressed in previous sections. These will be implemented 

through the policies of the Community Plan, Zoning, Draft 

Plans of Subdivision, Severances, Site Plans, and all other 

development applications and building permit applications 

subject to approval under the Planning Act and/or the 

Ontario Building Code Act. 

Interim Land Use Management Strategy 

It is recommended that land use amendments be 

completed to both Regional Official Policy Plan and City 

Official Plan Policies to recognize the PSW and floodline 

features and candidate ESPA areas determined through 
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the investigations of this study. These features are located  

in areas of the subwatershed that may not be included in 

future Community Plans and, therefore  cannot rely on this 

mechanism for recognition.  Some recommendations from 

the Community Plan (i.e., buffers) may also trigger 

amendments to City OP policies. 

Greenspace Management Strategy 

It is recommended that the Greenspace Management 

Strategy outlined in Figure C.3.3.1 be adopted and 

implemented.  The strategy will aid in the protection, 

enhancement, and use of ecological resources for the 

subwatershed.  The strategy will be implemented at the 

Community Plan, Zoning, Draft Plan of Subdivision, 

Scoped EIS Studies and other such studies. As outlined in 

Section C 3.3, timing of the Greenspace Management 

Strategy should be at the Community Plan stage. 

Environmental Constraints  

It is recommended that the Environmental Constraints 
(Figure B 8.3.2) be adopted and implemented in the study 

area.  These areas should be shown as Class 1 (Significant 

Natural Feature) Open Space in land use documents. This 

map amalgamates all constraint mapping relating to the 

vegetation and wildlife inventory completed as part of this 

plan. These include the related environmental features 

being the steep slopes, Regulatory Floodline, Provincially 

Significant Wetlands and LSNA, but does not include 

buffers of Constraint Level 1 lands.  All future development 

application subject to approval under the Planning Act must 

conform to this Map and Plan. 

Buffers and Enhancement Areas 

Buffers are intended to protect habitats and key functions 

including: sensitive vegetative species and habitat, wildlife 

species and habitat for nesting or foraging, shallow 

groundwater movement, surfacewater quality, and local 

topography. Enhancement areas supplement the buffers to 

maintain natural corridor functions, and will contain 

naturalized cover, or complementary land uses. Section C 

3.3 and Figures C.1.2.1 and C.3.3.1 define the 

recommended approached for buffers and enhancement 

areas, which can be summarized as follows: 

• 30 metre buffer surrounding natural heritage 

features 

• a 200 to 300 metre wide enhanced corridor along 

Middle Creek and a minimum 50 metre wide 

enhanced corridor along East Creek.  (Limited 

opportunities exist to enhance the corridor 

surrounding West Creek.) 

It is recommended that these buffers, in conjunction with 

enhancement areas, be implemented to ensure that the 

key natural areas of the Hespeler West subwatersheds are 

maintained and protected.  Development within natural 

features or their buffers will not be permitted without 

completion of additional Environmental Impact Studies. 

Grading within buffers may be necessary to create 

transitional grades between natural features and adjoining 

lots. Buffers should designated as Class 1 (Significant 

Natural Features) Open Space and be publicly owned in 

order to preserve their integrity and function.  However, the 

ownership of buffers and the dedication of buffers as 

parkland which serve a public function should be 

negotiated at the Community Plan level. Buffers around all 

natural heritage features should be confirmed in the 

Community Plan. Where multiple features and constraints 

coincide (i.e., a PSW within a flood plain) the greater buffer 

width will be applied. 

Environmental Impact Studies (EIS) 

Prior to any urban development, it is recommended that 

EIS investigations be carried out where encroachment is 
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anticipated into the recommended buffer.  No EIS is 

required if development is located outside the buffer.  

These EIS studies will be completed at the expense of the 

developer and completed to the satisfaction of the City of 

Cambridge and other public agencies having jurisdiction 

based on the guidelines in Section D of this document. 

Aquatic Rehabilitation Strategy 

It is recommended that rehabilitation of riparian corridors 

associated with the three creeks in the Hespeler West 

subwatersheds be carried out prior to, and in accordance 

with the Community Plan.  The remediation plan includes 

some channel rehabilitation on each creek and buffer 

plantings as outlined in Section D 1.1.5.  Any future plans 

to upgrade culvert crossings by the City and/or culverts by 

the Region should consider the viability of enlarging the 

culvert size. This would improve the corridor function and 

improve the potential for the movement of wildlife through 

culverts. 

Conceptual Trail Strategy 

It is recommended that the Conceptual Trail Strategy be 

established by implementation at the Community Plan 

stage. Detailed trail treatment and placement will occur at 

that stage where adjacent land use is determined and trail 

requirements are better understood.  The specific 

components are described in Section D 2.4 to be 

considered and implemented.  In order to help guarantee 

the long-term success of the trail system, participation by 

the public should be considered. 

Water Management Strategy 

It is recommended that the Water Management Strategy 

outlined in Section D 1.3 in this report be adopted and 

implemented for the Hespeler West subwatersheds.  The 

intent of the Water Management Plan is to maintain 

existing peak flows, maintain or improve the existing 

infiltration rates, and to reduce the post-development 

volume of runoff in order to protect local and downstream 

features.  Where a single stormwater management facility 

serves more than one landowner, an appropriate cost 

sharing agreement should be implemented through the 

appropriate means (i.e., Draft Plan conditions, Community 

Plan, agreement, etc.).  General stormwater management 

criteria are outlined in Section C and include the following: 

• maintain or enhance infiltration using at-source 

controls for rooftop runoff and pre-treatment 

facilities and infiltration trenches for road runoff; 

• protect water quality by implementing a range of 

Stormwater Management Practices; 

• provide stormwater quantity control; 

• provide erosion control measures for slopes and 

stream channels; and 

• improve East Creek culvert at Beaverdale Road. 

Adaptive Management Strategy (Monitoring) 

It is recommended that the Adaptive Management Strategy 

outlined in Section D 2.10 be adopted and implemented in 

the subwatershed.  This section recommends that public 

agencies and public stewardship programs undertake the 

Systems and Post-Development Monitoring and that the 

During Construction Program be undertaken by the 

developer.  The During Development Program includes 

three phases: 1) pre-development; 2) during construction; 

and 3) guarantee period.  The proponent is responsible for 

monitoring surfacewater, groundwater, and terrestrial 

features that could potentially be impacted by construction. 

Best Management Practices 

Where lands are designated and used for agriculture, 

agricultural Best Management Practices (BMP’s) are 

recommended to achieve subwatershed goals.   
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Where lands are designated and used for residential use, 

residential BMP’s are recommended to address issues 

such as pesticide use on lawns, domestic pet manure, and 

related issues. These will include issues which may be 

considered prior to the Community Plan such as the 

treatment of existing fencing and the trimming and cutting 

of grassed areas adjacent to the creek systems.  Where 

lands are designated and used for industrial use ISO 14000 

EMS standards are recommended. 

Public Education 

It is recommended that public education (referenced in 

many sections of this Plan) be implemented by the City of 

Cambridge, Regional Municipality of Waterloo, other public 

agencies and the development proponents at the time of 

development.  The Region and the City would develop a 

consistent and comprehensive public education program 

that should include (but not be limited to) the following 

information:   

• potential environmental impacts of the public's 

activities (e.g., fertilizer application, disposal of 

hazardous materials, etc.); 

• groundwater protection strategies;  

• terrestrial preservation techniques; and 

• industry BMP and ISO 14000 requirements. 

This information could be used to provide information for 

local schools, neighbourhood associations and groups, real 

estate, and development industries and other relevant 

groups.  The developer would use this information and 

distribute it to builders, real estate firms and potential home 

buyers (e.g., included in the offer to purchase and other 

correspondence).  Educational signs would be provided as 

part of the construction work for the development. A 

Subwatershed Study List of Quick Facts is a potential tool 

to assist in the dissemination of data, information and 

findings from this study. The following framework is 

provided: 

Quick Facts:  
Hespeler West Subwatersheds  

• Total drainage area of subwatersheds including 
Speed River catchments =  990 ha 

• Percent of subwatershed covered by ‘wooded cover’ = 
17.75% (includes forests, woodlands, swamps and 
plantations) 

• Percent of subwatershed covered by wetland = 
18.15% (includes swamps and open aquatic features) 

• Percent of subwatershed covered by development = 
22.5% 

• Percent of subwatershed covered by agricultural lands 
= 38.20% 

• Percent of subwatershed covered by vegetation 
(natural, cultural and agricultural)= 74.6% 

• Number of Provincially Significant Wetland  (PSW) 
complexes = 2  

• Number of Locally Significant Wetland  (LSW) 
complexes = 1 

• Number of Environmentally Sensitive Policy Areas 
(ESPA) polygon units found in the Hespeler West 
subwatersheds = 0 (However, certain areas of the 
subwatersheds meet ESPA criteria) 

• Number of habitat blocks that contain forest interior 
wildlife species = 9 

• Provincially or nationally ‘vulnerable’ (special 
concern),’ threatened’ or ‘endangered’ species = none 
found 

• Vascular plant species = 437 
• Provincially Significant vascular plant species = 1 
• Regionally Significant vascular plant species = 24 
• Wildlife species = 144 
• Provincially Significant wildlife species = none found 
• Regionally Significant wildlife species = 35 
• Birds = 91 (81 observed during the breeding season) 
• Mammals = 17 
• Amphibian and Reptiles (Herpetofauna) = 13 
• Butterflies = 12 
• Damselflies and Dragonflies = 11 

 

These facts are only a few items extracted from the 

Hespeler West Subwatersheds Study.  They are provided 

here to assist the reader in understanding the diversity and 

complexity of the Hespeler West Subwatersheds Study.  

Please consult the study report for additional and more 

complete information and analysis.   



Within 120 m of an 
Identified 
Groundwater 
Discharge Zone

General * General * Full Service 
Trails **

Scoped Full Site Scoped Scoped *** Scoped ****

Document natural features within 30 m buffer area to be affected X X X
Updated seasonal surveys of vegetation (X) (X) (X)
Updated seasonal wildlife surveys (mammals / amphibians / reptiles) (X) (X) (X)
Identify critical habitat areas & features to be avoided X X X
Document existing disturbance levels in buffers, habitat areas and corridors X X X

Document critical dependencies of nearby significant species / habitats (i.e., minimum habitat requirements, 
habitat age & structure, hydrology, connectivity to other habitats) X X X

Indicate location of existing tree cover X X X

Verify location of known fish habitats and species (X) (X) (X)
Document dependencies of identified fish habitat / species (X) (X) (X)

Describe direct effects on significant species, habitats and functions(short- & long-term) X X X (X) X
Describe indirect effects on significant species, habitats and functions (short- & long-term) X X X X X

Document mitigation or enhancement required to maintain & improve terrestrial & aquatic species and habitats X X X X X

Summarize cumulative effects X X X X X
Confirm hydrostratigraphy and local groundwater depth X X (X)
Confirm groundwater recharge / discharge conditions and rates X X (X)
Confirm site-specific connection between groundwater and wetlands X X (X)
Confirm site-specific connection between groundwater and affected Creek X X (X)
Document existing site-specific groundwater quality X X (X)
Evaluate risk of impacts to site-specific and downstream groundwater quantity & quality based on development 
proposal X X X X

Identify mitigation measures X X X X
Complete Storm Water Management Plan in accordance with guidelines in Subwatershed Study X X X
Identify areas prone to sediment damage or quality impacts X X X X
Identify potential impacts to buffer performance & downstream wetlands based on proposed runoff quantity 
changes (including event related seasonal hydroperiod changes) X X X X

Identify potential impacts to buffer performance & downstream wetlands based on proposed runoff qualtity 
changes X X X

Identify mitigation measures X X X
Monitoring Base on recommended monitoring in Subwatershed Study/Comprehensive E.I.S. X X X X X

New Rural Uses **** - assumes low intensity rural development; more extensive development proposals may require Full Site EIS.
(X) - Discretionary; may be requested by City, Region or GRCA if existing information is considered out of date (> 5 years old) or otherwise inadequate given proposed development.

Table D 2.5.1  Scoped and Full Site E.I.S. Requirements in the Hespeler West Subwatersheds

Terrestrial Resources

Aquatic Resources

Biological 
Inventory

Subwatershed Area New Rural Uses in East & Middle Creek 
Subwatersheds ****

Within 30 m of Natural Features, or 
Within Medium Constraint Features

New Urban Uses in East, Middle & West Creek Subwatersheds *

Stormwater 
Management 
Facilities ***

Stormwater Management Facilities *** - facilities located outside the 30 m minimum buffer or Medium Constraint Features will require Scoped EIS; those proposed within 30 m of High Constraint Features, or within Medium Constraint Features, will require Full Site EIS (under General *). 
Where stormwater facilities are proposed within 120 m of identified groundwater discharge features, the Scoped EIS for development in those areas should include consideration of potential impacts of such facilities on the discharge regime.

Trails ** - assumes full service, asphalt surface all-season trails; soft-surfaced seasonal trails do not require EIS.

General * - includes residential, commercial, industrial, or parkland development; stormwater management facilities will require 'General' Full Site EIS if they occur within 30 m of High Constraint Features, or within Medium Constraint Features, in addition to Scoped requirements listed under 
Stormwater Management Facilities ***).

Type and Location of of Development

Within 30 m of High 
Constraint Features, or Within 
Medium Constraint Features 

Surface Water

Groundwater

Terrestrial and Aquatic Resources

Biological 
Impact 
Assessment

Documentation Required / EIS Level of Detail



Table D.2.9.1  Monitoring Program – Part A:  Creek Systems 

Monitoring Stage Phase Proponent Items to be Monitored Time Frame 
System 
Monitoring 

 Municipality or Public 
Agencies with Jurisdiction 
and/or Local Citizen Groups 

Streamflow levels, groundwater levels, 
water temperature, erosion, vegetation, 
wildlife, water quality (surfacewater and 
groundwater), benthics and fisheries (if 
required). 
 

Ongoing 

During 
Development 
Monitoring 

Pre-Development Phase Developer Surfacewater and groundwater (monitor 
levels and analyze samples), buffers, 
fisheries and benthics (if required). 

To be proposed and approved at Draft Plan 
submission stage.  Program must be conducted for at 
least two seasons prior to construction and will 
continue until the end of the guarantee period.  A 
summary report is to be submitted at the detailed 
design stage. 
 

 During Construction Phase Developer Erosion and sediment control measures, 
buffers. 

To be proposed with the detailed design submission 
(erosion, sediment control plan and landscape plan).  
Weekly reports are to be submitted to the City during 
active construction (checklist style) from start of 
grading until completion of base asphalt). 
 

 Guarantee Period Phase Developer Performance of at-source and conveyance 
infiltration facilities, end-of-pipe facilities, 
buffers. 

To be proposed with the detailed design submission.  
Annual reports are to be submitted to the City.  
Continues from the end of the during construction 
phase to the end of the guarantee period (2 years 
from substantial completion of areas tributary to the 
pond), provided that performance is satisfactory. 
 

Post 
Development 
Monitoring 

 Municipality and Region Performance of stormwater management 
facilities.  Wildlife, vegetation, benthics, 
fisheries. 

To be submitted with the final Guarantee Period 
report ,and will recommend exactly what monitoring 
activities will be required.  Ongoing. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table D 2.9.1  Monitoring Program – Part B:  Natural Heritage System Monitoring 
Category Feature / 

System Parameters Locations Monitoring Evidence Adaptive Management 
Response Responsibilities & Resources 

Natural 
Heritage 
System – 
Terrestrial 
Component 

PSWs • Boundary integrity & 
revisions. 

• Buffer and setback condition. 
• Based on air photo review 

and field reconnaissance. 
Frequency: Every 5 years or as 
part of Official Plan Reviews; 
opportunistically as part of 
development-related studies. 
 

All PSW, ESPA, LSNA 
boundaries 

• Encroachments into 
boundaries. 

• Inappropriate buffer uses. 

• Review Zoning requirements. 
• Inform landowner(s) of 

boundary and buffer 
requirements. 

• Initiate restorative actions. 

Lead Agency: City 
Other Partners:  
GRCA, Region 
Affected landowners; 
Development proponents. 
 

  • Ecological integrity including 
known physical and biological 
attributes. 

• Problem species. 
• Overall diversity of species 

and habitats. 
• Based on field studies in 

growing season. 
• Permanent monitoring plots 

would greatly facilitate. 
Frequency: Every 5 years or as 
part of Regional Official Plan 
Reviews; opportunistically as part 
of development-related studies. 
 

All PSW, ESPA, LSNA 
areas 
 

• Loss of quality species/habitat 
diversity. 

• Invasion of problem species. 
• Degradation of physical 

environment. (e.g., erosion, 
sedimentation, soil 
compaction, alteration of 
hydrology). 

• Initiate management study to 
determine causes and 
appropriate actions/options to 
deal with identified problems. 

• Identify and correct sources of 
physical degradation. 

Lead Agency: City 
Other Partners: City; Region, affected 
landowners; Development proponents; naturalist 
groups community stewards; CWIP Program. 

 Upland 
Forest 

Rural Area 
• Review of rural forest 

boundary, area. 
• Review integrity of key 

physical & biological 
attributes. 

• Problem species. 
• Review of current forestry 

operations and practices.  
• Based on air photo analysis 

supplemented by field studies 
in growing season. 

• Permanent monitoring plots 
would greatly facilitate. 

Frequency: Every 5 years or as 
part of Official Plan Reviews; 
opportunistically as part of 
development-related studies. 
 

Rural woodlots Rural Area 
• Encroachments into 

boundaries. 
• Loss of species/habitat 

diversity. 
• Significant diseases. 
• Unsustainable forestry 

practices. 
• Invasion of problem species. 
• Degradation of physical 

environment. (e.g., erosion, 
sedimentation, soil 
compaction, alteration of 
hydrology) 

• Initiate management study to 
determine causes and 
appropriate actions/options to 
deal with identified problems. 

• Identify and correct sources of 
physical degradation. 

Lead Agencies: City  
Other Partners: Region,  
affected landowners; Development proponents; 
MNR, naturalist groups and community 
stewards; CWIP program. 



Table D 2.9.1  Monitoring Program – Part B:  Natural Heritage System Monitoring 
Category Feature / 

System Parameters Locations Monitoring Evidence Adaptive Management 
Response Responsibilities & Resources 

  Urban Area 
• Review of forest integrity, 

buffer effectiveness, and 
human activity impacts.  

• Field assessment in growing 
season. 

• Permanent monitoring plots 
would greatly facilitate. 

Frequency: Annual ‘walk-
throughs’; detailed review every 5 
years or as part of Official Plan 
Reviews; opportunistically as part 
of development-related studies. 
 

Urban woodlots Urban Area 
• Encroachments into 

boundaries. 
• Inappropriate buffer uses. 
• Loss of species/habitat 

diversity. 
• Invasion of problem species. 
• Degradation of physical 

environment. (e.g., erosion, 
sedimentation, soil 
compaction, alteration of 
hydrology) 

• Initiate management study to 
determine causes and 
appropriate actions/options to 
deal with identified problems. 

• Identify and correct sources of 
physical degradation. 

Lead Agency: City 
Other Partners: affected landowners; 
Development proponents; naturalist groups and 
community stewards; CWIP program. 

 Corridors 
& 
Linkages 

Rural Corridors & Linkages 
• Compare current rural 

corridors and linkages with 
those reported in this study. 

• Air photo analysis 
supplemented by ground 
truthing. 

• Permanent monitoring plots 
would greatly facilitate. 

Frequency: Every 5 years or as 
part of Official Plan Reviews; 
opportunistically as part of 
development-related studies. 
 

All SWS Plan identified 
corridors and conceptual 
linkages 

Rural Corridors & Linkages 
• Loss of connectivity. 
• Disease or damage to corridor 

elements. 
• Degradation of physical 

environment along stream 
corridors. 

• Initiate corridor re-
establishment through co-
operative actions. 

• Identify and correct sources of 
physical degradation. 

Lead Agencies: City  
Other Partners: GRCA, Region, affected 
landowners; Development proponents; 
stewardship groups; MNR; CWIP program. 

  Urban Corridors & Linkages 
• Review of urban corridors 

and linkages. 
• Field assessment in growing 

season. 
• Permanent monitoring plots 

would greatly facilitate. 
Frequency: Annually; integrated 
review during Official Plan 
Reviews; opportunistically as part 
of development-related studies. 

All SWS Plan identified 
corridors & conceptual  
linkages 

Urban Corridors & Linkages 
• Loss of connectivity. 
• Disease or damage to linkage 

elements. 
• Degradation of physical 

environment along stream 
corridors. 

• Initiate re-planting and disease 
management strategies. 

• Consult with local 
residents/users.  

• Identify and correct sources of 
physical degradation. 

Lead Agency: City  
Other Partners: GRCA, residents and users; 
Development proponents; stewardship groups. 
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Any relevant aquatic information has been 
incorporated in Section B 6.0.  Please refer to the 

main report for details.  As a result, this page is left 
intentionally blank. 
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Hespeler West Subwatersheds Study 
Appendix I-1   March, 2003 

 

Table  I-1  OMAF Titles 

 

 

A First Look - Practical Solutions for Soil and Water Problems  
Farm Forestry and Habitat Management 
Field Crop Production 
Fish and Wildlife Habitat Management 
Horticultural Crops  
Integrated Pest Management 
Irrigation Management  
Livestock and Poultry Waste Management 
No-Till: Making It Work 
Nutrient Management 
Nutrient Management Planning 
Pesticide Storage, Handling and Application 
Soil Management 
Water Management 
Water Wells 

 



Hespeler West Subwatersheds Study 
Appendix I-2   March, 2003 
 
 

Table  I-2   

 

 

It has been determined that a nutrient management plan (NMP) should include the following 
components. 

? Soil testing for available nutrients using provincially accredited 
laboratories  

? Manure testing for available nutrients using provincially accredited 
laboratories  

? Identification of residual nitrogen sources based on previous 
agronomic practices  

? Relation of added nutrients (fertilizer, manure, biosolids, etc.) to soil 
test results and nutrient requirements of crops being produced 
(information contained in OMAFRA Publication 296) 

? Assessment of application methods and timing to optimally apply 
nutrients (including supplemental fertilizers) for maximum efficiency 
of nutrient utilization by growing crops while minimizing leaching, 
runoff, and volatilization 

? Calibrating manure and fertilizer spreaders to ensure that the 
application rate and placement is accurate (information sources 
include OMAFRA Publication 296 and Nutrient Management BMP 
Publication) 

? Identification and mitigation of environmental risk associated with 
managing agricultural nutrients (i.e. surface and groundwater 
protection through implementation of buffer zones, wellhead 
protection, separation distances, etc.) 

? Proper containment of agricultural nutrients while being stored 
(compliance with MDS II) 

? Contingency plans for use in the event of an unintended nutrient 
discharge (Environmental Farm Plan Contingency Plan serves as an 
example) 

Manure Spreading Etiquette (Good Neighbour Policies) that will minimize complaints relating to nutrient 
management practices  
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Appendix J1: Location of Regionally Significant Flora reported by Environmental Advisory 
Services Ltd. during the Cambridge Natural Areas Inventory Study 

 
Cambridge N.A.I. 

 Unit 
Cambridge N.A.I. 

Subunit 
Regionally Significant Species 
(R.M. Waterloo, 1985; Riley, 1989) 

9 9A-a Quercus bicolor 
Lycopus uniflorus 
Bidens frondosa 
Leersia oryzoides  
Salix humilis 

 9A-b Populus deltoids 
Zanthoxylum americanum 
Lypopus uniflorus 
Bidens vulgata 
Bidens frondosa 
Carex cristatella 
Carex flava 
Carex woodii 

 9A-c Leersia oryzoides 
Salix eriocephala 

 9A-d Lycopus uniflorus 
Bidens vulgata 

 9A-e Bidens vulgata 
9B  Lycopus uniflorus-b 

Bidens frondosa-b 
10A 10A-a Lycopus uniflorus 

Bidens frondosa 
 10A-b Polygonatum biflorum 

Sorbus americana 
Lycopus uniflorus 
Bidens frondosa 

 10A-c Zanthoxylum americanum 
Sorbus americanum 
Lycopus uniflorus 
Bidens frondosa 
Solidago giganteana 

 10A-d Lycopus uniflorus 
Bidens frondosa 

10B  Alnus rugosa 

13B 13B-a Menispermum canadense 
Sorbus americana 
Lycopus uniflorus 

14A 14A-a Picea glauca 
Solidago gigantea 

 14A-b Picea glauca 
Lycopus uniflorus 
Bidens frondosa 
Solidago gigantea 

 14A-c Gentiana andrewsii 
Lycopus uniflorus 

 14A-d Menispermum canadense 
Epilobium strictum 
Lycopus uniflorus 
Bidens frondosa 
Equisetum sylvaticum 
Dryopteris filix-mas 

 14A-e Zanthoxylum americanum 
 14A-f Lycopus uniflorus  

Bidens frondosa 
 14A-g Bidens frondosa 

14B 14B-b Bidens frondosa 
15A 15A-c Populus deltoids 

Bidens frondosa 
Epilobium strictum 
Salix bebbiana 
Solidago gigantea 



Appendix J1 continued: Location of Regionally Significant Flora reported by Environmental 
Advisory Services Ltd. during the Cambridge Natural Areas Inventory Study 

 
Cambridge N.A.I. 

 Unit 
Cambridge N.A.I. 

Subunit 
Regionally Significant Species 
(R.M. Waterloo, 1985; Riley, 1989) 

 15A-d Pilea fontana 
Lycopus uniflorus 

15B 15B-a Lycopus uniflorus 
 15B-b Populus deltoids 

Lycopus uniflorus 
Salix bebbiana 
Salix eriocephala 

 15B-c Populus deltoides 
 15B-d Populus deltoids 

Polygonatum biflorum 
 15B-e Salix bebbiana 

 



Appendix J2 : Amalgamated list of past wildlife observations from the Hespeler West subwatersheds

Common Name Scientific Name 
Local 

Breeding 
Status

Cambridge 
Natural Areas 

Inventory

Ontario 
Herpetofaunal 

Atlas 
(Summary)

KW Field 
Naturalists 
Information

2001 
Ontario 

Breeding 
Bird Atlas 

data

Ontario 
Mammal 

Atlas

Maple 
Grove 

Wetland 
Complex 

Data Record

HERPETOFAUNA
1 American Toad Bufo americanus americanus Resident X X
2 Tetraploid Gray Treefrog Hyla versicolor Resident X
3 Western Chorus Frog Pseudacris triseriata Resident X
4 Spring Peeper Pseudacris crucifer crucifer Resident X
5 Bullfrog † Rana catesbeiana Resident X
6 Northern Leopard Frog Rana pipiens Resident X X
7 Wood Frog Rana sylvatica Resident X X
8 Snapping Turtle Chelydra serpentina Resident X
9 Midland Painted Turtle Chrysemys picta marginata Resident X X

10 Northern Water Snake † Nerodia sipedon sipedon Resident X
11 Eastern Garter Snake Thamnophis sirtalis sirtalis Resident X X

BIRDS
12 Great Blue Heron † Ardea herodias Resident X
13 Snowy Egret Egretta thula Vagrant X
14 Canada Goose Branta canadensis Resident X
15 Mallard Anas platyrhynchos Resident X
16 Red-tailed Hawk Buteo jamaicensis Resident X
17 Ruffed Grouse Bonasa umbellus Resident X
18 Black-bellied Plover Pluvialis squatarola Migrant X
19 Killdeer Charadrius vociferus Resident X
20 Mourning Dove Zenaida macroura Resident X
21 Great Horned Owl Bubo virginianus Resident X
22 Great Gray Owl Strix nebulosa Vagrant X

23 Ruby-throated Hummingbird † Archilochus colubris Resident X

24 Downy Woodpecker Picoides pubescens Resident X
25 Hairy Woodpecker † Picoides villosus Resident X
26 Northern Flicker Colaptes auratus Resident X
27 Eastern Wood-Pewee Contopus virens Resident X
28 Great Crested Flycatcher Myiarchus crinitus Resident X
29 Red-eyed Vireo Vireo olivaceus Resident X
30 Blue Jay Cyanocitta cristata Resident X
31 American Crow Corvus brachyrhynchos Resident X
32 Horned Lark Eremophila alpestris Resident X
33 Black-capped Chickadee Poecile atricapillus Resident X
34 American Robin Turdus migratorius Resident X
35 Gray Catbird Dumetella carolinensis Resident X
36 Cedar Waxwing Bombycilla cedrorum Resident X
37 Chipping Sparrow Spizella passerina Resident X
38 Savannah Sparrow Passerculus sandwichensis Resident X
39 Song Sparrow Melospiza melodia Resident X
40 Lapland Longspur Calcarius lapponicus Migrant X
41 Snow Bunting Plectrophenax nivalis Migrant X
42 Northern Cardinal Cardinalis cardinalis Resident X
43 Red-winged Blackbird Agelaius phoeniceus Resident X
44 Eastern Meadowlark Sturnella magna Resident X
45 Baltimore Oriole Icterus galbula Resident X
46 American Goldfinch Carduelis tristis Resident X

MAMMALS
47 Virginia Opossum † Didelphis virginiana Resident X
48 Eastern Cottontail Sylvilagus floridanus Resident X
49 Eastern Chipmunk Tamias striatus Resident X
50 Red Squirrel Tamiasciurus hudsonicus Resident X
51 Norway Rat Rattus norvegicus Resident X
52 Coyote † Canis latrans Resident X
53 Red Fox Vulpes vulpes Resident X
54 Raccoon Procyon lotor Resident X X X
55 White-tailed Deer Odocoileus virginianus Resident X X

Legend
† = Significant in the Regional Municipality of Waterloo



Appendix J3: Wildlife observed in the Hespeler West Subwatersheds - spring/summer 
1995.   Data compiled from Cambridge Natural Areas Inventory Table 5 and field notes.  

Cambridge N.A.I. Unit Numbers5 
  Common Name Scientific Name 

Conservation 
Status1,2,3,4 9Aa 9Ab 9Af 10Aa 10Ab 10Ac 13B 14Af 14B 15A 15Aa 15Ac 15B 

  HEPETOFAUNA                                 
1 American Toad Bufo americanus americanus   N/A         X X X             

2 Bullfrog Rana catesbeiana RS N/A                         X 

3 Northern Leopard Frog Rana pipiens   N/A   X X                     

4 Wood Frog Rana sylvatica   N/A       X                   

5 Midland Painted Turtle Chrysemys picta marginata   N/A                         X 

6 Eastern Garter Snake Thamnophis sirtalis sirtalis   N/A     X                     

                                    

  BIRDS                                 

1 Great Blue Heron Ardea herodias RS  ---     X                     

2 Canada Goose Branta canadensis   ---                           

3 Mallard Anas platyrhynchos   ---                           

4 Red-tailed Hawk Buteo jamaicensis   ---   X X             X X     

5 Ruffed Grouse Bonasa umbellus   Level 3     X                     

6 Killdeer Charadrius vociferus   ---         X               X 

7 Mourning Dove Zenaida macroura   ---         X                 

8 Ruby-throated Hummingbird Archilochus colubris RS Level 3                       X   

9 Downy Woodpecker Picoides pubescens   ---   X X     X               

10 Hairy Woodpecker Picoides villosus RS ---     X                     

11 Northern Flicker Colaptes auratus   ---   X                       

12 Eastern Wood-Pewee Contopus virens   ---   X X   X                 

13 Great Crested Flycatcher Myiarchus crinitus   ---             X           X 

14 Red-eyed Vireo Vireo olivaceus   ---             X             

15 Blue Jay Cyanocitta cristata   ---   X     X                 

16 American Crow Corvus brachyrhynchos   ---                         X 

17 Black-capped Chickadee Poecile atricapillus   Level 4   X   X X                 

18 American Robin Turdus migratorius   ---             X     X X   X 

19 Gray Catbird Dumetella carolinensis   Level 4 X                         

20 Cedar Waxwing Bombycilla cedrorum   ---   X     X X               

21 Chipping Sparrow Spizella passerina   ---                   X       

22 Song Sparrow Melospiza melodia   ---                 X   X   X 

23 Northern Cardinal Cardinalis cardinalis   ---             X     X X     

24 Red-winged Blackbird Agelaius phoeniceus   ---             X           X 

25 American Goldfinch Carduelis tristis   Level 3                           

                                    

  MAMMALS                                 

1 Eastern Chipmunk Tamias striatus   N/A         X   X             

2 Raccoon Procyon lotor    N/A           X               

3 White-tailed Deer Odocoileus virginianus    N/A     X   X               X 

                  
LEGEND                 
                  
RS1,2,3 = Regionally Significant = Officially recognized by the Regional Municipality of Waterloo to be significant within its jurisdiction.    
                  
Level 14 = Bird species of conservation concern for the Regional Municipality of Waterloo (highest level of concern)     
Level 24 = Bird species of conservation concern for the Regional Municipality of Waterloo (greater than Level 3)     
Level 34 = Bird species of conservation concern for the Regional Municipality of Waterloo (less than Level 2)     
Level 44 = Bird species of conservation concern for the Regional Municipality of Waterloo (lowest level of concern)     
N/A = Not applicable                 
                  
X5 = Species recorded from Unit                 
                  
REFERENCES                 
                  
1.  Regional Municipality of Waterloo, 1985.  Appendix 3: Reptiles and Amphibians in Environmentally Sensitive Policy Areas Technical Appendix. Approved by Council: 1986.
2.  Regional Municipality of Waterloo, 1985.  Appendix 4: Mammals in Environmentally Sensitive Policy Areas Technical Appendix. Approved by Council: 1986. 
3.  Regional Municipality of Waterloo, 1996.  Revisions to Waterloo Region's Significant Species List: Breeding Birds     

 Component. Report to Planning and Culture Committee PC-96-021. Approved by Council: April 25, 1996.    
4.  Couturier, A. 1999. Conservation Priorities for the Birds of Southern Ontario. 14pp + 38pp Technical Appendices, and Priority Species Lists.    
5.  Environmental Advisory Services Limited. 1996. City of Cambridge Natural Areas Inventory.      

 
 



Appendix J4a: Vascular Plants Checklist for the Hespeler West Subwatersheds   (Final 2004)

Family Scientific Name Common Name cc cw Srank Native Status
EQUISETACEAE Equisetum arvense Field Horsetail 0 0 S5 N
EQUISETACEAE Equisetum fluviatile Water Horsetail 7 -5 S5 N
EQUISETACEAE Equisetum hyemale ssp affine Rough Horsetail 2 -2 S5 N
EQUISETACEAE Equisetum scirpoides Dwarf Scouring Rush 7 -1 S5 N
EQUISETACEAE Equisetum sp Horsetail Species 0
EQUISETACEAE Equisetum sylvaticum Woodland Horsetail 7 -3 S5 N
EQUISETACEAE Equisetum variegatum ssp variegatum Variegated Horsetail 5 -3 S5 N
OPHIOGLOSSACEAE Botrychium virginianum Rattlesnake Fern 5 3 S5 N
OSMUNDACEAE Osmunda cinnamomea Cinnamon Fern 7 -3 S5 N
OSMUNDACEAE Osmunda regalis var spectabilis Royal Fern 7 -5 S5 N
PTERIDACEAE Adiantum pedatum Northern Maidenhair-fern 7 1 S5 N
DENNSTAEDTIACEAE Pteridium aquilinum var latiusculum Bracken Fern 2 3 S5 N
THELYPTERIDACEAE Thelypteris palustris var pubescens Marsh Fern 5 -4 S5 N
DRYOPTERIDACEAE Athyrium filix-femina var angustum Lady-fern 4 0 S5 N
DRYOPTERIDACEAE Cystopteris bulbifera Bulblet Fern 5 -2 S5 N
DRYOPTERIDACEAE Dryopteris carthusiana Spinulose Wood Fern 5 -2 S5 N
DRYOPTERIDACEAE Dryopteris clintoniana Clinton Wood Fern 7 -4 S4 N
DRYOPTERIDACEAE Dryopteris cristata Crested Wood Fern 7 -5 S5 N
DRYOPTERIDACEAE Dryopteris marginalis Marginal Wood Fern 5 3 S5 N
DRYOPTERIDACEAE Gymnocarpium dryopteris Oak Fern 7 0 S5 N
DRYOPTERIDACEAE Matteuccia struthiopteris var pensylvanica Ostrich Fern 5 -3 S5 N
DRYOPTERIDACEAE Onoclea sensibilis Sensitive Fern 4 -3 S5 N
DRYOPTERIDACEAE Polystichum acrostichoides Christmas Fern 5 5 S5 N
PINACEAE Abies balsamea Balsam Fir 5 -3 S5 N
PINACEAE Larix laricina American Larch 7 -3 S5 N
PINACEAE Picea abies Norway Spruce 5 SE3 I
PINACEAE Picea glauca White Spruce 6 3 S5 N
PINACEAE Pinus banksiana Jack Pine 9 3 S5 N
PINACEAE Pinus resinosa Red Pine 8 3 S5 N
PINACEAE Pinus strobus Eastern White Pine 4 3 S5 N
PINACEAE Pinus sylvestris Scotch Pine 5 SE5 I
PINACEAE Tsuga canadensis Eastern Hemlock 7 3 S5 N
CUPRESSACEAE Juniperus virginiana Eastern Red Cedar 4 3 S5 N
CUPRESSACEAE Thuja occidentalis Northern White Cedar 4 -3 S5 N
LAURACEAE Lindera benzoin Spicebush 6 -2 S5 N
ARISTOLOCHIACEAE Asarum canadense Wild Ginger 6 5 S5 N
RANUNCULACEAE Actaea pachypoda White Baneberry 6 5 S5 N
RANUNCULACEAE Actaea rubra Red Baneberry 5 5 S5 N
RANUNCULACEAE Anemone acutiloba Sharp-lobed Hepatica 6 5 S5 N
RANUNCULACEAE Anemone canadensis Canada Anemone 3 -3 S5 N
RANUNCULACEAE Anemone virginiana var virginiana Virginia Anemone 4 5 S5 N
RANUNCULACEAE Caltha palustris Marsh Marigold 5 -5 S5 N
RANUNCULACEAE Clematis virginiana Virginia Virgin-bower 3 0 S5 N
RANUNCULACEAE Coptis trifolia ssp groenlandica Goldthread 7 -3 S5 N
RANUNCULACEAE Ranunculus abortivus Kidney-leaved Buttercup 2 -2 S5 N
RANUNCULACEAE Ranunculus acris Tall Buttercup -2 SE5 I
RANUNCULACEAE Ranunculus hispidus var caricetorum Swamp Buttercup 5 -5 S5 N
RANUNCULACEAE Ranunculus sceleratus var sceleratus Cursed Crowfoot 2 -5 S5 N
RANUNCULACEAE Thalictrum dioicum Early Meadowrue 5 2 S5 N
RANUNCULACEAE Thalictrum pubescens Tall Meadowrue 5 -2 S5 N
BERBERIDACEAE Berberis vulgaris European Barberry 3 SE5 I
BERBERIDACEAE Caulophyllum thalictroides Blue Cohosh 6 5 S5 N
BERBERIDACEAE Podophyllum peltatum May Apple 5 3 S5 N
MENISPERMACEAE Menispermum canadense Canada Moonseed 7 0 S4 N
PAPAVERACEAE Chelidonium majus Greater Celadine 5 SE5 I
PAPAVERACEAE Sanguinaria canadensis Bloodroot 5 4 S5 N
ULMACEAE Celtis occidentalis Common Hackberry 8 1 S4 N
ULMACEAE Ulmus americana American Elm 3 -2 S5 N
MORACEAE Morus alba White Mulberry 0 SE5 I
URTICACEAE Boehmeria cylindrica False Nettle 4 -5 S5 N
URTICACEAE Laportea canadensis Wood Nettle 6 -3 S5 N
URTICACEAE Urtica dioica ssp gracilis Slender Stinging Nettle 2 -1 S5 N
JUGLANDACEAE Carya cordiformis Bitternut Hickory 6 0 S5 N
JUGLANDACEAE Carya ovata var ovata Shagbark Hickory 6 3 S5 N
JUGLANDACEAE Juglans cinerea Butternut 6 2 S4 N
JUGLANDACEAE Juglans nigra Black Walnut 5 3 S4 N
FAGACEAE Fagus grandifolia American Beech 6 3 S5 N
FAGACEAE Quercus alba White Oak 6 3 S5 N
FAGACEAE Quercus macrocarpa Bur Oak 5 1 S5 N
FAGACEAE Quercus rubra Northern Red Oak 6 3 S5 N
BETULACEAE Betula alleghaniensis Yellow Birch 6 0 S5 N
BETULACEAE Betula papyrifera Paper Birch 2 2 S5 N
BETULACEAE Carpinus caroliniana ssp. virginiana American Hornbeam 6 0 S5 N
BETULACEAE Ostrya virginiana Eastern Hop-hornbeam 4 4 S5 N
CARYOPHYLLACEAE Cerastium fontanum Common Mouse-ear Chickweed 3 SE5 I
CARYOPHYLLACEAE Saponaria officinalis Bouncing-bet 3 SE5 I
CARYOPHYLLACEAE Silene vulgaris Maiden's Tears 5 SE5 I
CARYOPHYLLACEAE Stellaria longifolia Longleaf Stitchwort 2 -4 S5 N
POLYGONACEAE Polygonum amphibium Water Smartweed 5 -5 S5 N
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POLYGONACEAE Rumex acetosella ssp acetosella Sheep Sorrel 0 SE5 I
POLYGONACEAE Rumex crispus Curly Dock -1 SE5 I
POLYGONACEAE Rumex obtusifolius ssp obtusifolius Bitter Dock -3 SE5 I
CLUSIACEAE Hypericum perforatum St. John's-wort 5 SE5 I
TILIACEAE Tilia americana American Basswood 4 3 S5 N
VIOLACEAE Viola canadensis Canada Violet 6 5 S5 N
VIOLACEAE Viola pubescens Downy Yellow Violet 5 4 S5 N
VIOLACEAE Viola sp Violet Species 0
CUCURBITACEAE Echinocystis lobata Wild Mock-cucumber 3 -2 S5 N
SALICACEAE Populus balsamifera ssp balsamifera Balsam Poplar 4 -3 S5 N
SALICACEAE Populus deltoides ssp. deltoides Eastern Cottonwood SU
SALICACEAE Populus grandidentata Large-tooth Aspen 5 3 S5 N
SALICACEAE Populus tremuloides Quaking Aspen 2 0 S5 N
SALICACEAE Salix alba White Willow -3 SE4 I
SALICACEAE Salix amygdaloides Peach-leaved Willow 6 -3 S5 N
SALICACEAE Salix bebbiana Bebb's Willow 4 -4 S5 N
SALICACEAE Salix discolor Pussy Willow 3 -3 S5 N
SALICACEAE Salix eriocephala Heart-leaved Willow 4 -3 S5 N
SALICACEAE Salix exigua Sandbar Willow 3 -5 S5 N
SALICACEAE Salix fragilis Crack Willow -1 SE5 I
SALICACEAE Salix lucida Shining Willow 5 -4 S5 N
SALICACEAE Salix nigra Black Willow 6 -5 S4? N
SALICACEAE Salix petiolaris Meadow Willow 3 -4 S5 N
SALICACEAE Salix purpurea Basket Willow -3 SE4 I
SALICACEAE Salix sp Willow Species 0
BRASSICACEAE Alliaria petiolata Garlic Mustard 0 SE5 I
BRASSICACEAE Cardamine diphylla Broad-leaved Toothwort 7 5 S5 N
BRASSICACEAE Hesperis matronalis Dame's Rocket 5 SE5 I
BRASSICACEAE Lepidium campestre Field Pepper-grass 5 SE5 I
BRASSICACEAE Nasturtium officinale True Watercress -5 SE I
ERICACEAE Vaccinium angustifolium Late Lowbush Blueberry 6 3 S5 N
PYROLACEAE Pyrola elliptica Shinleaf 5 5 S5 N
PRIMULACEAE Lysimachia ciliata Fringed Loosestrife 4 -3 S5 N
PRIMULACEAE Lysimachia nummularia Moneywort -4 SE5 I
PRIMULACEAE Lysimachia thyrsiflora Water Loosestrife 7 -5 S5 N
ASTERACEAE Prenanthes sp Rattlesnake-root Species 0
GROSSULARIACEAE Ribes americanum Wild Black Currant 4 -3 S5 N
GROSSULARIACEAE Ribes cynosbati Prickly Gooseberry 4 5 S5 N
GROSSULARIACEAE Ribes nigrum European Black Currant 5 SE2 I
GROSSULARIACEAE Ribes rubrum Northern Red Currant 5 SE5 I
GROSSULARIACEAE Ribes sp Currant Species 0
GROSSULARIACEAE Ribes triste Swamp Red Currant 6 -5 S5 N
SAXIFRAGACEAE Mitella sp Bishop's-cap Species 0
SAXIFRAGACEAE Tiarella cordifolia Heart-leaved Foam-flower 6 1 S5 N
ROSACEAE Agrimonia gryposepala Tall Hairy Agrimony 2 2 S5 N
ROSACEAE Amelanchier arborea Downy Serviceberry 5 3 S5 N
ROSACEAE Amelanchier laevis Smooth Serviceberry 5 5 S5 N
ROSACEAE Amelanchier sp Serviceberry Species 0
ROSACEAE Crataegus mollis Downy Hawthorn 4 -2 S5 N
ROSACEAE Crataegus sp Hawthorn Species 0
ROSACEAE Fragaria vesca ssp americana Woodland Strawberry 4 4 S5 N
ROSACEAE Fragaria virginiana ssp virginiana Virginia Strawberry 2 1 SU N
ROSACEAE Geum aleppicum Yellow Avens 2 -1 S5 N
ROSACEAE Geum canadense White Avens 3 0 S5 N
ROSACEAE Geum laciniatum Rough Avens 4 -3 S4 N
ROSACEAE Geum rivale Purple Avens 7 -5 S5 N
ROSACEAE Geum sp Avens Species 0
ROSACEAE Malus pumila Common Apple 5 SE5 I
ROSACEAE Physocarpus opulifolius Eastern Ninebark 5 -2 S5 N
ROSACEAE Potentilla recta Sulphur Cinquefoil 5 SE5 I
ROSACEAE Prunus serotina Wild Black Cherry 3 3 S5 N
ROSACEAE Prunus virginiana ssp virginiana Choke Cherry 2 1 S5 N
ROSACEAE Pyrus communis Common Pear 5 SE4 I
ROSACEAE Rosa blanda Smooth Rose 3 3 S5 N
ROSACEAE Rosa multiflora Rambler Rose 3 SE4 I
ROSACEAE Rubus allegheniensis Allegheny Blackberry 2 2 S5 N
ROSACEAE Rubus idaeus ssp idaeus Red Raspberry 0 SE1 I
ROSACEAE Rubus idaeus ssp melanolasius Wild Red Raspberry -2 S5 N
ROSACEAE Rubus occidentalis Black Raspberry 2 5 S5 N
ROSACEAE Rubus odoratus Purple-flowering Raspberry 3 5 S5 N
ROSACEAE Rubus pubescens Dwarf Raspberry 4 -4 S5 N
ROSACEAE Sanguisorba minor Salad Burnet 0 SE4 I
ROSACEAE Spiraea alba Narrow-leaved Meadow-sweet 3 -4 S5 N
FABACEAE Amphicarpaea bracteata Hog-peanut 4 0 S5 N
FABACEAE Coronilla varia Crown-vetch 5 SE5 I
FABACEAE Gleditsia triacanthos Honey Locust 3 0 S2 N
FABACEAE Lotus corniculatus Bird's-foot Trefoil SE5 I
FABACEAE Medicago lupulina Black Medic 1 SE5 I
FABACEAE Medicago sativa ssp sativa Alfalfa 5 SE5 I
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FABACEAE Melilotus alba White Sweet Clover 3 SE5 I
FABACEAE Melilotus officinalis Yellow Sweet Clover 3 SE5 I
FABACEAE Robinia pseudo-acacia Black Locust 0 SE5 I
FABACEAE Trifolium repens White Clover 2 SE5 I
FABACEAE Vicia cracca Tufted Vetch 5 SE5 I
GERANIACEAE Geranium robertianum Herb-robert 5 SE5 I
ELAEAGNACEAE Elaeagnus angustifolia Russian Olive 4 SE3 I
ELAEAGNACEAE Elaeagnus umbellata Autum Olive 3 SE3 I
LYTHRACEAE Lythrum salicaria Slender-spike Loosestrife -5 SE5 I
THYMELAEACEAE Dirca palustris Eastern Leatherwood 7 0 S4? N
ONAGRACEAE Circaea alpina Small Enchanter's Nightshade 6 -3 S5 N
ONAGRACEAE Circaea lutetiana ssp canadensis Enchanter's Nightshade 3 3 S5 N
ONAGRACEAE Epilobium ciliatum ssp glandulosum Northern Willow-herb 6 3 SU N
ONAGRACEAE Epilobium hirsutum Great-hairy Willow-herb -4 SE5 I
ONAGRACEAE Epilobium parviflorum Small-flower Willow-herb 3 SE4 I
ONAGRACEAE Epilobium sp Willow-herb Species 0
ONAGRACEAE Oenothera biennis Common Evening-primrose 0 3 S5 N
CORNACEAE Cornus alternifolia Alternate-leaf Dogwood 6 5 S5 N
CORNACEAE Cornus foemina ssp racemosa Gray Dogwood 2 -2 S5 N
CORNACEAE Cornus stolonifera Red-osier Dogwood 2 -3 S5 N
CELASTRACEAE Celastrus scandens Climbing Bittersweet 3 3 S5 N
CELASTRACEAE Euonymus europaea European Spindle-tree 5 SE2 I
CELASTRACEAE Euonymus obovata Running Strawberry-bush 6 5 S5 N
AQUIFOLIACEAE Ilex verticillata Winterberry 5 -4 S5 N
RHAMNACEAE Rhamnus alnifolia Alderleaf Buckthorn 7 -5 S5 N
RHAMNACEAE Rhamnus cathartica Buckthorn 3 SE5 I
RHAMNACEAE Rhamnus frangula Glossy Buckthorn -1 SE5 I
VITACEAE Parthenocissus inserta Thicket Creeper 3 3 S5 N
VITACEAE Vitis riparia Riverbank Grape 0 -2 S5 N
HIPPOCASTANACEAE Aesculus hippocastanum Horse Chestnut 5 SE2 I
ACERACEAE Acer negundo Manitoba Maple -2 S5 N
ACERACEAE Acer platanoides Norway Maple 5 SE5 I
ACERACEAE Acer rubrum Red Maple 4 0 S5 N
ACERACEAE Acer saccharinum Silver Maple 5 -3 S5 N
ACERACEAE Acer saccharum ssp nigrum Black Maple 7 3 S4? N
ACERACEAE Acer saccharum ssp. saccharum Sugar Maple S5 N
ACERACEAE Acer spicatum Mountain Maple S5 N
ACERACEAE Acer x freemanii Freeman's Maple 0 S5 N
ANACARDIACEAE Rhus radicans ssp negundo Poison Ivy 5 -1 S5 N
ANACARDIACEAE Rhus radicans ssp rydbergii Western Poison Ivy 0 S5 N
ANACARDIACEAE Rhus typhina Staghorn Sumac 1 5 S5 N
RUTACEAE Zanthoxylum americanum Northern Prickly Ash 3 5 S5 N
OXALIDACEAE Oxalis stricta Upright Yellow Wood Sorrel 3 S5 N
BALSAMINACEAE Impatiens capensis Spotted Jewel-weed 4 -3 S5 N
BALSAMINACEAE Impatiens sp Jewel-weed Species 0
ARALIACEAE Aralia nudicaulis Wild Sarsaparilla 4 3 S5 N
ARALIACEAE Aralia racemosa ssp racemosa American Spikenard 7 5 S5 N
APIACEAE Angelica atropurpurea Great Angelica 6 -5 S5 N
APIACEAE Cicuta maculata Spotted Water-hemlock 6 -5 S5 N
APIACEAE Cryptotaenia canadensis Canada Honewort 5 0 S5 N
APIACEAE Daucus carota Queen Anne's Lace SE5 I
APIACEAE Osmorhiza claytonii Hairy Sweet-cicely 5 4 S5 N
APIACEAE Sium suave Hemlock Water-parsnip 4 -5 S5 N
APOCYNACEAE Apocynum androsaemifolium ssp androsaemifolium Spreading Dogbane 3 5 S5 N
APOCYNACEAE Apocynum cannabinum var. cannabinum Clasping-leaf Dogbane 3 0 S5 N
APOCYNACEAE Vinca minor Periwinkle 5 SE5 I
ASCLEPIADACEAE Asclepias incarnata ssp incarnata Swamp Milkweed 6 -5 S5 N
ASCLEPIADACEAE Asclepias syriaca Common Milkweed 0 5 S5 N
SOLANACEAE Physalis heterophylla Clammy Ground-cherry 3 5 S4 N
SOLANACEAE Solanum dulcamara Climbing Nightshade 0 SE5 I
CONVOLVULACEAE Calystegia sepium ssp. americanum Hedge Bindweed SU N
HYDROPHYLLACEAE Hydrophyllum virginianum Virginia Waterleaf 6 -2 S5 N
BORAGINACEAE Borago officinalis Common Borage 5 SE1 I
BORAGINACEAE Echium vulgare Common Viper's-bugloss 5 SE5 I
BORAGINACEAE Myosotis verna Spring Forget-me-not 9 1 S4? N
VERBENACEAE Phryma leptostachya Lopseed 6 5 S4S5 N
VERBENACEAE Verbena hastata Blue Vervain 4 -4 S5 N
VERBENACEAE Verbena urticifolia White Vervain 4 -1 S5 N
LAMIACEAE Acinos arvensis Spring Savory 5 SE5 I
LAMIACEAE Clinopodium vulgare Field Basil 4 5 S5 N
LAMIACEAE Glechoma hederacea Ground Ivy 3 SE5 I
LAMIACEAE Leonurus cardiaca ssp cardiaca Common Motherwort 5 SE5 I
LAMIACEAE Lycopus americanus American Bugleweed 4 -5 S5 N
LAMIACEAE Lycopus uniflorus Northern Bugleweed 5 -5 S5 N
LAMIACEAE Mentha arvensis ssp borealis Corn Mint 3 -3 S5 N
LAMIACEAE Mentha x piperita Peppermint -5 SE4 I
LAMIACEAE Nepeta cataria Catnip 1 SE5 I
LAMIACEAE Prunella vulgaris ssp vulgaris Common Heal-all 0 SE3 I
LAMIACEAE Scutellaria galericulata Hooded Skullcap 6 -5 S5 N
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PLANTAGINACEAE Plantago lanceolata English Plantain 0 SE5 I
OLEACEAE Fraxinus americana White Ash 4 3 S5 N
OLEACEAE Fraxinus nigra Black Ash 7 -4 S5 N
OLEACEAE Fraxinus pennsylvanica Green Ash 3 -3 S5 N
OLEACEAE Syringa vulgaris Common Lilac 5 SE5 I
SCROPHULARIACEAE Chelone glabra Turtlehead 7 -5 S5 N
SCROPHULARIACEAE Mimulus ringens Square-stem Monkey-flower 6 -5 S5 N
SCROPHULARIACEAE Penstemon digitalis Foxglove Beardtongue 6 1 S4S5 N
SCROPHULARIACEAE Verbascum thapsus Common Mullein 5 SE5 I
SCROPHULARIACEAE Veronica anagallis-aquatica Brook-pimpernell -5 SE5 I
SCROPHULARIACEAE Veronica arvensis Corn Speedwell 5 SE5 I
SCROPHULARIACEAE Veronica peregrina ssp peregrina Purslane Speedwell 0 -4 S5 N
CAMPANULACEAE Campanula rapunculoides Creeping Bellflower 5 SE5 I
CAMPANULACEAE Lobelia siphilitica Great Blue Lobelia 6 -4 S5 N
CAMPANULACEAE Triodanis perfoliata Venus'-looking-glass 6 0 S4 N
RUBIACEAE Galium aparine Cleavers 4 3 S5 N
RUBIACEAE Galium boreale Northern Bedstraw 7 0 S5 N
RUBIACEAE Galium mollugo White Bedstraw 5 SE5 I
RUBIACEAE Galium obtusum Wild Madder 6 -5 S4S5 N
RUBIACEAE Galium palustre Marsh Bedstraw 5 -5 S5 N
RUBIACEAE Galium sp Bedstraw Species 0
RUBIACEAE Galium trifidum ssp trifidum Small Bedstraw 5 -4 S5 N
RUBIACEAE Galium triflorum Sweet-scent Bedstraw 4 2 S5 N
CAPRIFOLIACEAE Lonicera dioica Glaucous Honeysuckle 5 3 S5 N
CAPRIFOLIACEAE Lonicera tatarica Tartarian Honeysuckle 3 SE5 I
CAPRIFOLIACEAE Sambucus canadensis Common Elderberry 5 -2 S5 N
CAPRIFOLIACEAE Sambucus racemosa ssp pubens Red-berried Elder 5 2 S5 N
CAPRIFOLIACEAE Triosteum aurantiacum Horse Gentian 7 5 S5 N
CAPRIFOLIACEAE Viburnum acerifolium Maple-leaf Viburnum 6 5 S5 N
CAPRIFOLIACEAE Viburnum lentago Nannyberry 4 -1 S5 N
CAPRIFOLIACEAE Viburnum opulus Guelder-rose Viburnum 0 SE4 I
CAPRIFOLIACEAE Viburnum trilobum Highbush Cranberry 5 -3 S5 N
VALERIANACEAE Valeriana officinalis Common Valerian 2 SE3 I
DIPSACACEAE Dipsacus fullonum ssp sylvestris Common Teasel 5 SE5 I
ASTERACEAE Achillea millefolium ssp lanulosa Wooly Yarrow 0 3 S5 N
ASTERACEAE Ambrosia artemisiifolia Annual Ragweed 0 3 S5 N
ASTERACEAE Arctium lappa Greater Burdock 0 SE5 I
ASTERACEAE Arctium minus ssp minus Lesser Burdock 5 SE5 I
ASTERACEAE Aster cordifolius Heart-leaved Aster 5 5 S5 N
ASTERACEAE Aster ericoides ssp ericoides Heath Aster 4 4 S5 N
ASTERACEAE Aster lanceolatus ssp lanceolatus Panicled Aster 3 -3 S5 N
ASTERACEAE Aster lateriflorus var lateriflorus Calico Aster 3 -2 S5 N
ASTERACEAE Aster novae-angliae New England Aster 2 -3 S5 N
ASTERACEAE Aster puniceus var puniceus Purple-stemmed Aster 6 -5 S5 N
ASTERACEAE Aster sp Aster Species 0
ASTERACEAE Bidens frondosa Devil's Beggar's Ticks 3 -3 S5 N
ASTERACEAE Bidens sp Beggar's Ticks Species 0
ASTERACEAE Carduus nutans ssp leiophyllus Musk Thistle 5 SE5 I
ASTERACEAE Chrysanthemum leucanthemum Oxeye Daisy 5 SE5 I
ASTERACEAE Cirsium arvense Crepping Thistle 3 SE5 I
ASTERACEAE Cirsium vulgare Bull Thistle 4 SE5 I
ASTERACEAE Erigeron annuus White-top Fleabane 0 1 S5 N
ASTERACEAE Erigeron philadelphicus ssp philadelphicus Philadelphia Fleabane 1 -3 S5 N
ASTERACEAE Eupatorium maculatum ssp maculatum Spotted Joe-pye Weed 3 -5 S5 N
ASTERACEAE Eupatorium perfoliatum Common Boneset 2 -4 S5 N
ASTERACEAE Eupatorium rugosum White Snakeroot 5 3 S5 N
ASTERACEAE Euthamia graminifolia Grass-leaved Goldenrod 2 -2 S5 N
ASTERACEAE Hieracium sp Hawkweed Species 0
ASTERACEAE Prenanthes altissima Tall Rattlesnake-root 5 3 S5 N
ASTERACEAE Rudbeckia hirta Black-eyed Susan 0 3 S5 N
ASTERACEAE Solidago altissima var altissima Tall Goldenrod 1 3 S5 N
ASTERACEAE Solidago caesia Bluestem Goldenrod 5 3 S5 N
ASTERACEAE Solidago canadensis Canada Goldenrod 1 3 S5 N
ASTERACEAE Solidago flexicaulis Broad-leaved Goldenrod 6 3 S5 N
ASTERACEAE Solidago gigantea Smooth Goldenrod 4 -3 S5 N
ASTERACEAE Solidago nemoralis ssp nemoralis Field Goldenrod 2 5 S5 N
ASTERACEAE Solidago patula Rough-leaved Goldenrod 8 -5 S5 N
ASTERACEAE Solidago rugosa ssp rugosa Rough Goldenrod 4 -1 S5 N
ASTERACEAE Solidago sp Goldenrod Species 0
ASTERACEAE Sonchus arvensis ssp arvensis Field Sowthistle 1 SE5 I
ASTERACEAE Taraxacum officinale Common Dandelion 3 SE5 I
ASTERACEAE Tragopogon dubius Meadow Goat's-beard 5 SE5 I
ASTERACEAE Tussilago farfara Colt's Foot 3 SE5 I
ALISMATACEAE Alisma plantago-aquatica Broad-leaved Water-plantain 3 -5 S5 N
ALISMATACEAE Sagittaria latifolia Broadleaf Arrowhead 4 -5 S5 N
ZANNICHELLIACEAE Zannichellia palustris Horned Pondweed 4 -5 S4 N
ARACEAE Acorus americanus Sweetflag 8 -5 S4 N
ARACEAE Arisaema triphyllum ssp triphyllum Jack-in-the-pulpit 5 -2 S5 N
ARACEAE Symplocarpus foetidus Skunk Cabbage 7 -5 S5 N
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LEMNACEAE Lemna minor Lesser Duckweed 2 -5 S5 N
LEMNACEAE Lemna trisulca Star Duckweed 4 -5 S5 N
LEMNACEAE Wolffia columbiana Columbia Watermeal 4 -5 S4S5 N
JUNCACEAE Juncus alpinoarticulatus Richardson Rush 5 -5 S5 N
JUNCACEAE Juncus articulatus Jointed Rush 5 -5 S5 N
JUNCACEAE Juncus bufonius Toad Rush 1 -4 S5 N
JUNCACEAE Juncus canadensis Canada Rush 6 -5 S5 N
JUNCACEAE Juncus dudleyi Dudley's Rush 1 0 S5 N
JUNCACEAE Juncus effusus ssp solutus Soft Rush 4 -5 S5 N
JUNCACEAE Juncus nodosus Knotted Rush 5 -5 S5 N
JUNCACEAE Juncus pelocarpus Brown-fruited Rush 8 -5 S5 N
JUNCACEAE Juncus tenuis Slender Rush 0 S5 N
JUNCACEAE Juncus torreyi Torrey's Rush 3 -3 S5 N
CYPERACEAE Carex albursina White Bear Sedge 7 5 S5 N
CYPERACEAE Carex aquatilis Water Sedge 7 -5 S5 N
CYPERACEAE Carex atherodes Awned Sedge 6 -5 S4S5 N
CYPERACEAE Carex aurea Golden-fruited Sedge 4 -4 S5 N
CYPERACEAE Carex bebbii Bebb's Sedge 3 -5 S5 N
CYPERACEAE Carex blanda Woodland Sedge 3 0 S5 N
CYPERACEAE Carex bromoides Brome-like Sedge 7 -4 S5 N
CYPERACEAE Carex brunnescens ssp. brunnescens Brownish Sedge 7 -3 S5 N
CYPERACEAE Carex communis Fibrous-root Sedge 6 5 S5 N
CYPERACEAE Carex comosa Bristly Sedge 5 -5 S5 N
CYPERACEAE Carex crinita Fringed Sedge 6 -4 S5 N
CYPERACEAE Carex cristatella Crested Sedge 3 -4 S5 N
CYPERACEAE Carex deweyana Short-scale Sedge 6 4 S5 N
CYPERACEAE Carex flava Yellow Sedge 5 -5 S5 N
CYPERACEAE Carex formosa Handsome Sedge 6 -2 S3S4 N
CYPERACEAE Carex gracillima Graceful Sedge 4 3 S5 N
CYPERACEAE Carex granularis Meadow Sedge 3 -4 S5 N
CYPERACEAE Carex hirta Hammer Sedge 4 SE2 I
CYPERACEAE Carex hirtifolia Pubescent Sedge 5 5 S5 N
CYPERACEAE Carex hitchcockiana Hitchcock's Sedge 6 5 S5 N
CYPERACEAE Carex hystericina Porcupine Sedge 5 -5 S5 N
CYPERACEAE Carex interior Inland Sedge 6 -5 S5 N
CYPERACEAE Carex intumescens Bladder Sedge 6 -4 S5 N
CYPERACEAE Carex lacustris Lake-bank Sedge 5 -5 S5 N
CYPERACEAE Carex laxiculmis Spreading Sedge 7 5 S4 N
CYPERACEAE Carex laxiflora Loose-flowered Sedge 5 0 S5 N
CYPERACEAE Carex leptonervia Finely-nerved Sedge 5 0 S5 N
CYPERACEAE Carex lupulina Hop Sedge 6 -5 S5 N
CYPERACEAE Carex normalis Larger Straw Sedge 6 -3 S4 N
CYPERACEAE Carex pedunculata Longstalk Sedge 5 5 S5 N
CYPERACEAE Carex pellita Woolly Sedge 4 -5 S5 N
CYPERACEAE Carex pensylvanica Pennsylvania Sedge 5 5 S5 N
CYPERACEAE Carex plantaginea Plantain-leaved Sedge 7 5 S5 N
CYPERACEAE Carex pseudo-cyperus Cyperus-like Sedge 6 -5 S5 N
CYPERACEAE Carex radiata Stellate Sedge 4 5 S5 N
CYPERACEAE Carex retrorsa Retrorse Sedge 5 -5 S5 N
CYPERACEAE Carex rostrata Beaked Sedge SU N
CYPERACEAE Carex scabrata Rough Sedge 8 -5 S5 N
CYPERACEAE Carex spicata Spiked Sedge 5 SE5 I
CYPERACEAE Carex stipata Stalk-grain Sedge 3 -5 S5 N
CYPERACEAE Carex stricta Tussock Sedge 4 -5 S5 N
CYPERACEAE Carex sylvatica Woodland Sedge -1 SE2 I
CYPERACEAE Carex trisperma var. trisperma Three-seed Sedge 9 -5 S5 N
CYPERACEAE Carex tuckermanii Tuckerman Sedge 7 -5 S4 N
CYPERACEAE Carex vulpinoidea Fox Sedge 3 -5 S5 N
CYPERACEAE Carex woodii Pretty Sedge 6 0 S4 N
CYPERACEAE Cyperus esculentus Yellow Nutgrass 1 -3 S5 N
CYPERACEAE Cyperus sp Umbrella Sedge Species 0
CYPERACEAE Eleocharis erythropoda Bald Spikerush 4 -5 S5 N
CYPERACEAE Eleocharis pauciflora Fewflower Spikerush 10 -5 S5 N
CYPERACEAE Eleocharis sp Spikerush Species 0
CYPERACEAE Scirpus atrovirens Woolgrass Bulrush 3 -5 S5 N
CYPERACEAE Scirpus validus Soft-stemmed Bulrush 5 -5 S5 N
POACEAE Agrostis gigantea Redtop 0 SE5 I
POACEAE Agrostis stolonifera Spreading Bentgrass 0 -3 S5 N
POACEAE Alopecurus geniculatus Water Foxtail -5 SE3 I
POACEAE Brachyelytrum erectum Long-awned Wood Grass 7 5 S4S5 N
POACEAE Bromus ciliatus Fringed Brome 6 -3 S5 N
POACEAE Bromus inermis ssp inermis Smooth Brome 5 SE5 I
POACEAE Bromus tectorum Downy Chess 5 SE5 I
POACEAE Calamagrostis canadensis Blue-joint Reedgrass 4 -5 S5 N
POACEAE Dactylis glomerata Orchard Grass 3 SE5 I
POACEAE Danthonia spicata Poverty Oat-grass 5 5 S5 N
POACEAE Elymus hystrix Bottle-brush Grass 5 5 S5 N
POACEAE Elymus repens Quack Grass 3 SE5 I
POACEAE Festuca rubra ssp rubra Red Fescue 1 S5 N
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POACEAE Glyceria canadensis Canada Manna Grass 7 -5 S4S5 N
POACEAE Glyceria grandis American Manna Grass 5 -5 S4S5 N
POACEAE Glyceria sp Manna Grass Species 0
POACEAE Glyceria striata Fowl Manna Grass 3 -5 S5 N
POACEAE Leersia oryzoides Rice Cutgrass 3 -5 S5 N
POACEAE Leersia virginica White Cutgrass 6 -3 S4 N
POACEAE Oryzopsis asperifolia White-grained Mountain Ricegrass 6 5 S5 N
POACEAE Panicum acuminatum var acuminatum Acuminate Panic Grass 2 0 S5 N
POACEAE Phalaris arundinacea Reed Canary Grass 0 -4 S5 N
POACEAE Phleum pratense Timothy 3 SE5 I
POACEAE Phragmites australis Common Reed 0 -4 S5 N
POACEAE Poa alsodes Grove Meadow Grass 7 -2 S4 N
POACEAE Poa compressa Canada Bluegrass 0 2 S5 N
POACEAE Poa palustris Fowl Bluegrass 5 -4 S5 N
POACEAE Poa pratensis ssp pratensis Kentucky Bluegrass 0 1 S5 N
POACEAE Poa trivialis Scribner Bluegrass -3 SE3 I
POACEAE Schizachne purpurascens ssp purpurascens Purple Oat 6 2 S5 N
POACEAE Sporobolus neglectus Small Dropseed 1 5 S4 N
SPARGANIACEAE Sparganium eurycarpum Large Bur-reed 3 -5 S5 N
SPARGANIACEAE Sparganium sp Bur-reed Species 0
POTAMOGETONACEAE Potamogetom sp Pondweed Species
TYPHACEAE Typha angustifolia Narrow-leaved Cattail 3 -5 S5 N
TYPHACEAE Typha latifolia Broad-leaf Cattail 3 -5 S5 N
TYPHACEAE Typha x glauca Blue Cattail 3 -5 S4? N
LILIACEAE Allium tricoccum Wild Leek 7 2 S5 N
LILIACEAE Asparagus officinalis Asparagus 3 SE5 I
LILIACEAE Lilium michiganense Michigan Lily 7 -1 S5 N
LILIACEAE Maianthemum canadense Wild-lily-of-the-valley 5 0 S5 N
LILIACEAE Maianthemum racemosum ssp racemosum False Solomon's Seal 4 3 S5 N
LILIACEAE Maianthemum stellatum Starflower False Solomon's Seal 6 1 S5 N
LILIACEAE Polygonatum pubescens Downy Solomon's Seal 5 5 S5 N
LILIACEAE Trillium erectum Red Trillium 6 1 S5 N
LILIACEAE Trillium grandiflorum White Trillium 5 5 S5 N
LILIACEAE Uvularia grandiflora Large-flowered Bellwort 6 5 S5 N
IRIDACEAE Iris versicolor Blueflag 5 -5 S5 N
IRIDACEAE Sisyrinchium mucronatum Michaux Blue-eyed-grass 10 -2 S4S5 N
IRIDACEAE Sisyrinchium sp Blue-eyed-grass Species 0
SMILACACEAE Smilax herbacea Smooth Herbaceous Greenbrier 5 0 S4 N
SMILACACEAE Smilax hispida Hispid Greenbrier 6 0 S4 N
ORCHIDACEAE Cypripedium calceolus var parviflorum Small Yellow Lady's-slipper 7 -1 S5 N
ORCHIDACEAE Epipactis helleborine Eastern Helleborine 5 SE5 I
ORCHIDACEAE Platanthera psycodes Small Purple-fringe Orchid 8 -3 S5 N



Appendix J4b: Explanation of Coefficient of Conservatism (cc), 
Coefficient of Wetness (cw), Srank and Native Status 

 
The information for Coefficients of Conservatism (cc), Coefficient of 
Wetness(cw), Srank and Native Status was obtained from Newmaster et. al. 
(1998) and Floristic Quality Assessment System for Southern Ontario (M.J. 
Oldham, W.D. Bakowsky and D.A. Sutherland ) December 1995, Natural Heritage 
Information Centre, Ontario Ministry of Natural Resources. 
 
Coefficient of Conservatism (CC) Definition 
Each native taxon was assigned a rank of 0 to 10 ("coefficient of conservatism") based 
on its degree of fidelity to a range of synecological parameters.  Plants found in a wide 
variety of plant communities, including disturbed sites, were assigned ranks of 0 to 3. 
Taxa that typically are associated with a specific plant community, but tolerate moderate 
disturbance, were assigned ranks of 4 to 6. Rankings of 7 to 8 were applied to those 
taxa associated with a plant community in an advanced successional stage that has 
undergone minor disturbance.  Those plants with high degrees of fidelity to a narrow 
range of synecological parameters were assigned a value of 9 to 10. 
 
Provincial Rank (SRANK): 
Provincial (or Subnational) ranks are used by the Natural Heritage Information Centre to 
set protection priorities for rare species and natural communities. These ranks are not 
legal designations. Provincial ranks are assigned in a manner similar to that described 
for global ranks, but consider only those factors within the political boundaries of 
Ontario. By comparing the global and provincial ranks, the status, rarity, and the 
urgency of conservation, needs can be ascertained. The NHIC evaluates provincial ranks 
on a continual basis and produces updated lists at least annually. The NHIC welcomes 
information which will assist in assigning accurate provincial ranks.  
 
 
S1 Extremely rare in Ontario; usually 5 or fewer occurrences in the province or very few 
remaining individuals; often especially vulnerable to extirpation.  

S2 Very rare in Ontario; usually between 5 and 20 occurrences in the province or with 
many individuals in fewer occurrences; often susceptible to extirpation.  

S3 Rare to uncommon in Ontario; usually between 20 and 100 occurrences in the 
province; may have fewer occurrences, but with a large number of individuals in some 
populations; may be susceptible to large-scale disturbances. Most species with an S3 
rank are assigned to the watch list, unless they have a relatively high global rank.  

S4 Common and apparently secure in Ontario; usually with more than 100 occurrences 
in the province.  

S5 Very common and demonstrably secure in Ontario.  

SH Historically known from Ontario, but not verified recently (typically not recorded in 
the province in the last 20 years); however suitable habitat is thought to be still present 
in the province and there is reasonable expectation that the species may be 
rediscovered.  



SR Reported for Ontario, but without persuasive documentation which would provide a 
basis for either accepting or rejecting the report.  

SRF Reported falsely from Ontario.  

SX Apparently extirpated from Ontario, with little likelihood of rediscovery. Typically 
not seen in the province for many decades, despite searches at known historic sites.  

SE Exotic; not believed to be a native component of Ontario's flora.  

C Cultivated; existing in the province only in a cultivated state; introduced population 
not yet fully established and self-sustaining.  

S? Unranked, or, if following a ranking, rank uncertain (e.g. S3?). S? species are thought 
to be rare in Ontario, but there is insufficient information available to assign a more 
accurate rank. 

Native Status (N or I) 
This letter refers to the native status of a plant as defined by the Newmaster et al, 1998 
and Floristic Quality Assessment System for Southern Ontario (M.J. Oldham, W.D. 
Bakowsky and D.A. Sutherland ) December 1995, Natural Heritage Information Centre, 
Ontario Ministry of Natural Resources. “N” represents that the plant is considered native 
to this region. “I” represents that the plant has been introduced from another region.  
 
Coefficient of Wetness (cw) 
The wetness index gives an indication of were plant species are typically found.  
Wetness values (coefficient of wetness) are between -5 and 5.  
These categories are defined as follows: 
 
-5 Occurs almost always in wetlands under natural conditions (estimated > 99% 
 probability). 
-4 to -2 Usually occurs in wetlands, but occasionally found in non-wetlands (estimated 

67-99% probability). 
-1 to 1 Equally likely to occur in wetlands or non-wetlands (estimated 34-66% 

probability). 
2 to 4 Occasionally occurs in wetlands, but usually occurs in non-wetlands (estimated 

1-33 % probability). 
5 Occurs almost never in wetlands under natural conditions (estimated < 1 % 
 probability). 
 
 



 

 

APPENDIX J5: VEGETATION CONSTRAINT ASSESSMENT METHODOLOGY 
 
Identified units were ground truthed using The Ecological Land Classification for Southern 
Ontario (ELC) to assess habitats present. The following biological factors were evaluated 
and rated for vegetation features present. These factors are known to contribute to 
overall biological functions of any given community or habitat connection 
 
Vegetation Unit Category 
Vegetation features were assigned following the ELC protocol. 
 
Structural Diversity 
This is a measure of the age distribution and stratum representation (e.g., mosses, herbaceous, 
groundcovers, low shrubs, tall shrubs, saplings (< 10cm dbh), subcanopy, canopy, emergents) of the plant 
community. Communities containing a broad representation of old-growth as well as immature and sapling 
trees, combined with extensive seedling and shrub growth, and prolific development of ground covers, 
provide optimum conditions for plant and animal diversity.  
 CLASS 1 = only 1-2 strata represented  
 CLASS 2 = 2 - 3 strata well represented 
 CLASS 3 =  4 strata (high structural diversity ("old-growth" characteristics) 
 
Average Canopy Tree Diameter / Relative Age 
This reflects the average diameter range of trees in the dominant tree canopy measured at 1.4 metres (DBH) 
above the ground. 
 CLASS 1 = < 15 cm (immature) 
 CLASS 2 = 15-30 cm (immature) 
 CLASS 3 = > 30 cm (mature) 
 
Canopy Closure 
Communities with a greater degree of canopy closure are more sensitive to disturbance and environmental 
stresses such as those caused by clearing, grading and future pedestrian traffic. 
 CLASS 1 = <25% closure 
 CLASS 2 = 25-50% closure 
 CLASS 3 = >50% closure 
 
Topography 
Communities located on complex topographic features contain greater habitat structure, are more sensitive 
to disturbance than those on flat or uniformly variable topographic features. 
 CLASS 1 = flat - undulating/regular hummocks, <10% 
 CLASS 2 = gentle to average slope topography, 10 - 25%  
 CLASS 3 = complex/steep to very steep topography, >25% 
 
Slope 
Communities located on steeper slopes are more sensitive to disturbance. Agricultural lands are excluded 
from this assessment. 
 CLASS 1 = flat to gentle slope (<10%) 
 CLASS 2 = moderate slope (10-25%) 
 CLASS 3 = steep slope (>25%)  
 
 
 
 
 
 
 
 



 

 

  
Seepage/Drainage Conditions 
Communities with poor drainage, or subject to groundwater discharge conditions, are more sensitive to 
disturbance and environmental stresses such as those caused by clearing, grading and future pedestrian 
traffic. In addition, they frequently contribute moisture that sustains adjoining communities. 
 
CLASS 1 = well-drained without evidence of seasonal water tables or seepage; water table never within top 

30cm for less than 1 month, if at all 
CLASS 2 =imperfectly-drained; water table within top 30 cm of soil for 1-3 month(s) of the year, or with 

evidence of intermittent groundwater discharge; includes perched conditions 
CLASS 3 = poorly-drained; water table within top 30 cm of soil for at least 3 months of the year; and/or with 

evidence of relatively continuous groundwater discharge; includes perched conditions. 
 
Constraint Rating 
Communities were rated for the types and degree of biological constraints, in combination with particular 
identified physical constraints. Ratings of high, medium or low, based on the capability to withstand the 
types of impacts associated with urbanization to mixed residential uses. Factors considered included the 
sensitivity of vegetation to the following changes or impacts in local environment: 

i) moisture regime changes affecting water tables or surface hydrology; 
ii) edge and/or canopy disturbance; 
iii) soil compaction and root zone disturbance; 
iv) microclimate modification; 
v) modification of physical habitat attributes through grading; 
vi) potential effects of introductions of exotic species; and 
vii) potential effects of relatively intensive pedestrian use. 

 
Constraint ratings were assigned according to the following criteria: 
 
HIGH - native plant communities with highly significant (i.e. Class 3) habitat attributes present; specifically: 

three indicators of Class 3 (minimum score of 9) for: Structural Diversity, Average Canopy Tree 
Diameter/ Relative Age, and Canopy Closure. In addition, a Class 3 rating in the following individual 
categories would indicate a high constraint: Slope and Seepage/Drainage.   

 
MEDIUM - native plant communities with moderately significant habitat attributes present; specifically: three 

indicators of Class 2 or 3 (score range of 6-8) for Structural Diversity, Average Canopy Tree 
Diameter/ Relative Age, and the Canopy Closure. In addition, a Class 2 rating in the following 
individual categories would indicate a medium constraint: Slope and Seepage/Drainage.   

 
LOW - limited significant habitat attributes present (less than a minimum total sum of 6 for Structural 

Diversity, Average Canopy Tree Diameter/ Relative Age, and the Canopy Closure); no slope or 
drainage constraints.  

 
Constraint ratings should be interpreted as follows: 
 
HIGH - major constraints of drainage, slope/topography, erosion potential, significant botanical features, 

with minimal capability for mitigation. 
 
MEDIUM - moderate constraints of the above; impacts can be mitigated with appropriate precautionary and 

rehabilitative measures. 
 
LOW -  limited constraints; type of vegetation lacks significance to warrant preservation, or can be readily 

re-established following disturbance. 



Appendix J6: Vegetation Community Attributes and Constraint Ratings
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Comments

0.01 6292.07 3009.029 0.30 Hedgerow Hedgerow n/a 2 Polygon unit is partially outside of subwatershed boundary  
0.02a 74537.590 74537.590 7.45 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
0.02b 25735.890 25735.890 2.57 Agriculture Agriculture n/a
0.03 5180.130 5180.130 0.52 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low

0.04 22811.59 988.813 0.10 Anthropogenic Anthropogenic n/a Yes
South portion of unit has been disturbed. Majority of unit is outside of 
subwatershed boundary and consists of higher quality Sugar Maple 
Forest 

0.05 10145.841 10145.841 1.01 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
0.06 11722.443 11722.443 1.17 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
0.07 2366.744 2366.744 0.24 Anthropogenic Anthropogenic n/a

1.00 145147.93 51883.440 5.19 Agriculture Agriculture n/a Yes 1 Low
1.01 12436.852 0.000 0.00 SWT Thicket Swamp SWT Thicket Swamp 5 1 3 1 1 3 1 High Yes 1 2 Medium Polygon unit is entirely outside of subwatershed boundary 
1.02 1744.985 0.000 0.00 Hedgerow Hedgerow n/a 3 Yes 1 Medium Polygon unit is entirely outside of subwatershed boundary
1.03 19121.43 16905.207 1.69 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low Polygon unit is partially outside of subwatershed boundary  
1.04 27541.80 26644.261 2.66 MAM Meadow Marsh MAM3 Organic Meadow Marsh 4 2 1 1 1 1 3 High Yes 1 Low Polygon unit is partially outside of subwatershed boundary  

1.05a 46777.68 45127.557 4.51 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 7 2 2 3 1 3 1 Yes High Yes Yes 4 4 High Supports forest interior habitat when combined with 1.05c,d,e,f,h. 
Polygon unit is partially outside of subwatershed boundary

1.05b 11976.131 11976.131 1.20 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low Yes

1.05c 49539.179 49539.179 4.95 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 7 2 2 3 2 3 1 High Yes Yes 1 1 High
High wildlife constraint ranking based on availability of suitable habitat 
for significant wildlife species found  in 1.05a. Supports forest inetrior 
habitat when combined with 1.05a,d,e,f,h

1.05d 12802.158 12802.158 1.28 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 8 3 2 3 2 3 1 High Yes Yes 1 1 High
High wildlife constraint ranking based on availability of suitable habitat 
for significant wildlife species found  in 1.05a. Supports forest inetrior 
habitat when combined with 1.05a,c,e,f,h

1.05e 2941.152 2941.152 0.29 CUW Cultural Woodland CUW1 Mineral Cultural Woodland 4 1 2 1 1 1 1 Low Yes High Supports forest interior habitat when combined with 1.05a,c,d,f,h

1.05f 5322.442 5322.442 0.53 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 6 2 3 1 1 3 1 High Yes High
High wildlife constraint ranking based on availability of suitable habitat 
for significant wildlife species found  in 1.05a. Supports forest inetrior 
habitat when combined with 1.05a,c,d,e,h

1.05g 5404.025 5404.025 0.54 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 6 2 2 2 1 3 1 High Yes 1 1 Medium

1.05h 5652.880 5652.880 0.57 FOD Deciduous Forest FOD7 Fresh-moist Lowland Deciduous Forest 8 2 3 3 1 2 1 Yes Medium Yes High
High wildlife constraint ranking based on availability of suitable habitat 
for significant wildlife species found  in 1.05a. Supports forest inetrior 
habitat when combined with 1.05a,c,d,e,f

1.05i 2361.579 2361.579 0.24 FOD Deciduous Forest FOD7 Fresh-moist Lowland Deciduous Forest 9 3 3 3 1 1 1 Yes High
1.05j 171.026 171.026 0.02 Hedgerow Hedgerow n/a 1
1.06 75255.590 75255.590 7.53 Agriculture Agriculture n/a Yes 1 Low
1.07 3326.46 2127.416 0.21 Hedgerow Hedgerow n/a 3
1.08 226777.00 106272.434 10.63 Agriculture Agriculture n/a                                                                                 
1.09 23339.984 23339.984 2.33 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low Yes
1.10 15477.637 15477.637 1.55 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low Yes 1 (flyby) Significant wildlife observation does not merit constraint rating
1.11a 7133.930 7133.930 0.71 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 8 2 3 3 1 3 1 Yes High
1.11b 42044.146 42044.146 4.20 SWM Mixed Swamp SWM4 White Cedar Organic Mixed Swamp 8 2 3 3 2 3 1 High Yes 2 1 Medium
1.11c 6884.358 6884.358 0.69 FOM Mixed Forest FOM6 Fresh-Moist Hemlock Mixed Forest 8 3 3 2 2 1 1 Medium Yes 1 2 Medium
1.11d 3041.388 3041.388 0.30 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
1.12 191239.12 185736.187 18.57 Agriculture Agriculture n/a
1.13 26008.806 26008.806 2.60 Anthropogenic Anthropogenic n/a Yes
1.14 9170.812 9170.812 0.92 OAO Open Aquatic 3 1 1 1 1 3 1 Medium (High) Yes See Section C 1.2 (Vegetation & Widlife constraints text).
1.15 1336.839 1336.839 0.13 OAO Open Aquatic 3 1 1 1 1 3 1 High
1.16a 85719.121 85719.121 8.57 Agriculture Agriculture n/a
1.16b 1710.927 1710.927 0.17 Hedgerow Hedgerow n/a 2
1.17 3295.186 3295.186 0.33 FOD Deciduous Forest FOD7 Fresh-Moist Lowland Deciduous Forest Ecosite 6 2 2 2 1 3 1 High Yes
1.18 954.394 954.394 0.10 Hedgerow Hedgerow n/a 2 Yes

2.00 13792.903 13792.903 1.38 FOD Deciduous Forest FOD5 Dry-Fresh Sugar Maple Deciduous Forest 8 2 3 3 2 2 1 Medium Yes Yes 1 High
High wildlife constraint ranking based on availability of suitable habitat 
for significant wildlife species found  in 2.01. Also supports forest interior 
habitat when combined with 2.01.

2.01 158563.119 158563.119 15.86 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 8 2 3 3 3 3 1 High Yes Yes 5 4 High
2.02 1660.965 1660.965 0.17 Hedgerow Hedgerow n/a 1
2.03 92940.217 92940.217 9.29 Agriculture Agriculture n/a
2.04a 15277.172 15277.172 1.53 Agriculture Agriculture n/a Yes 1 2 Medium
2.04b 8873.686 8873.686 0.89 Agriculture Agriculture n/a
2.04c 1657.129 1657.129 0.17 Hedgerow Hedgerow n/a 2 Yes 1 Low
2.05 155172.44 96176.434 9.62 Agriculture Agriculture n/a Yes 1 (feeding) Low
2.06 2729.33 1853.699 0.19 Hedgerow Hedgerow n/a 2 Polygon unit is partially outside of subwatershed boundary
2.07 1785.249 1785.249 0.18 Hedgerow Hedgerow n/a 2 Yes
2.08 1659.123 0.000 0.00 Hedgerow Hedgerow n/a 2 Polygon unit is entirely outside of subwatershed boundary
2.09a 40059.27 13317.455 1.33 FOD Deciduous Forest FOD6 Fresh-Moist Sugar Maple Deciduous Forest 9 3 3 3 3 2 1 Yes High Yes 1 Low Polygon unit is partially outside of subwatershed boundary
2.09b 99593.934 99593.934 9.96 Agriculture Agriculture n/a
2.10a 112279.771 112279.771 11.23 Agriculture Agriculture n/a Yes 1 Low
2.10b 37827.035 37827.035 3.78 Agriculture Agriculture n/a Yes
2.11 13493.285 13493.285 1.35 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 1 3 1 High
2.12a 79059.076 79059.076 7.91 Agriculture Agriculture n/a
2.12b 6365.814 6365.814 0.64 Agriculture Agriculture n/a
2.12c 20467.358 20467.358 2.05 Agriculture Agriculture n/a
2.13 5419.727 5419.727 0.54 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 1 3 1 High Yes
2.14 1411.767 1411.767 0.14 Hedgerow Hedgerow n/a 2
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2.15 10055.158 10055.158 1.01 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 1 3 1 High Yes 2 3 Medium
2.16 11053.117 11053.117 1.11 Hedgerow Hedgerow n/a 2 Yes
2.17a 112986.377 112986.377 11.30 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 7 2 3 2 1 3 1 Yes High Yes Yes 4 5 3 High
2.17b 4367.154 4367.154 0.44 CUW Cultural Woodland CUW1 Mineral Cultural Woodland 4 1 1 2 1 1 1 Low Yes
2.18 2897.424 2897.424 0.29 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low Yes
2.19 2077.447 2077.447 0.21 Hedgerow Hedgerow n/a 3 Yes
2.20 3434.663 3434.663 0.34 MAM Meadow Marsh MAM Meadow Marsh 4 1 2 1 1 3 1 High
2.21 1527.336 1527.336 0.15 MAM Meadow Marsh MAM Meadow Marsh 4 1 2 1 1 3 1 High
2.22 2092.711 2092.711 0.21 Hedgerow Hedgerow n/a 1
2.23 2132.642 2132.642 0.21 MAM Meadow Marsh MAM Meadow Marsh 1 1 1 1 3 1 Medium (High) See Section C 1.2 (Vegetation & Widlife constraints text).
2.24 426332.350 426332.350 42.63 Agriculture Agriculture n/a Yes
2.25 1074.602 1074.602 0.11 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 7 2 2 3 1 3 1 High Yes
2.26 23905.950 23905.950 2.39 CUM Cultural Meadow CUM1 Mineral Cultural  Meadow  3 1 1 1 1 1 1 Yes Low Yes 3 Medium
2.27 11447.325 11447.325 1.14 CUM Cultural Meadow CUM1 Mineral Cultural  Meadow  3 1 1 1 1 1 1 Low
2.28a 796.843 796.843 0.08 Hedgerow Hedgerow n/a 1
2.28b 1704.224 1704.224 0.17 Hedgerow Hedgerow n/a 1 Yes
2.28c 31709.041 31709.041 3.17 CUM Cultural Meadow CUM1 Mineral Cultural  Meadow  3 1 1 1 1 2 1 Medium Yes 1 1 Medium
2.28d 21479.749 21479.749 2.15 CUM Cultural Meadow CUM1 Mineral Cultural  Meadow  3 1 1 1 1 2 1 Medium

2.29a 118052.104 118052.104 11.81 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 8 3 3 2 1 3 1 High Yes Yes 5 7 High Supports forest interior habitat when combined with 2.29b,c & 2.31.

2.29b 10869.360 10869.360 1.09 FOD Deciduous Forest FOD7 Fresh-Moist  Lowland Deciduous Forest 7 2 2 3 1 2 1 Medium Yes
2.29c 5907.921 5907.921 0.59 FOM Mixed Forest FOM6 Fresh-Moist Hemlock Mixed Forest 9 3 3 3 1 1 1 High 1 Low
2.29d 19391.895 19391.895 1.94 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 7 2 3 2 1 3 1 High Yes
2.29e 1746.078 1746.078 0.17 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 1 3 1 High
2.30 13447.187 13447.187 1.34 SWM Mixed Swamp SWM1 White Cedar Mineral Mixed Swamp 7 2 2 3 2 3 1 High Yes
2.31 45027.435 45027.435 4.50 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 6 2 2 2 1 3 1 High Yes Yes 3 6 High Supports forest interior habitat when combined with 2.29a,b,c.
2.32 3391.322 3391.322 0.34 Hedgerow Hedgerow n/a 2
2.33 2164.867 2164.867 0.22 MAM Meadow Marsh MAM Meadow Marsh 3 1 1 1 1 3 1 Medium (High) See Section C 1.2 (Vegetation & Widlife constraints text).
2.34 22177.390 22177.390 2.22 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
2.35a 6347.024 6347.024 0.63 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 8 3 2 3 1 3 1 High Yes 1 1 Medium
2.35b 2838.680 2838.680 0.28 CUP Cultural Plantation CUP3 Coniferous Plantation 6 2 1 3 1 1 1 Medium Yes 1 Low
2.36 17387.736 17387.736 1.74 CUM Cultural Meadow CUM1 Mineral Cultural  Meadow  3 1 1 1 1 1 1 Low
2.37 32234.226 32234.226 3.22 SWT Thicket Swamp SWT2 Mineral Thicket Swamp 5 1 2 2 2 3 1 Yes High Yes 2 3 Medium
2.38 10051.954 10051.954 1.01 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 8 3 3 2 1 3 1 High
2.39 164064.617 164064.617 16.41 Agriculture Agriculture n/a Yes
2.40 8439.646 8439.646 0.84 Hedgerow Hedgerow n/a 3
2.41 10704.206 10704.206 1.07 MAM Meadow Marsh MAM Meadow Marsh 3 1 1 1 1 3 1 High Yes 1 (flyby) 1 (flyby) Significant wildlife observation does not merit constraint rating
2.42 159423.483 159423.483 15.94 Agriculture Agriculture n/a
2.43 27572.831 27572.831 2.76 SWM Mixed Swamp SWM4 White Cedar Organic Mixed Swamp 8 2 3 3 3 3 1 High
2.44 2935.827 2935.827 0.29 OAO Open Aquatic 3 1 1 1 1 3 1 High Yes 1 Low

3.00 77797.38 28625.079 2.86 Agriculture Agriculture n/a
3.01 6939.514 6939.514 0.69 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 7 2 2 3 1 3 1 High Yes 1 1 Medium
3.02 9635.956 9635.956 0.96 Anthropogenic Anthropogenic n/a
3.03 2539.458 2539.458 0.25 Hedgerow Hedgerow n/a 3
3.04 12785.796 12785.796 1.28 SWT Thicket Swamp SWT Thicket Swamp 6 2 3 1 1 3 1 High Yes 1 2 Low
3.05 1318.71 592.137 0.06 Hedgerow Hedgerow n/a 1
3.06 6814.593 6814.593 0.68 CUP Cultural Plantation CUP3 Coniferous Plantation 7 2 2 3 1 1 1 Medium Yes

3.07 48723.369 48723.369 4.87 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 7 3 2 2 1 3 1 High Yes Yes 1 1 High Contains forest interior habitat when combined with 3.06, 3.08 & 3.09.

3.08 4315.940 4315.940 0.43 FOD Deciduous Forest FOD Deciduous Forest 9 3 3 3 2 2 1 High Yes Yes 1 1 High Contains forest interior habitat when combined with 3.06, 3.07 & 3.09.

3.09 10427.297 10427.297 1.04 CUP Cultural Plantation CUP3 Coniferous Plantation 9 3 3 3 1 1 1 High Yes
3.10 3971.752 3971.752 0.40 Anthropogenic Anthropogenic n/a
3.11 69867.939 69867.939 6.99 Agriculture Agriculture n/a
3.12 121221.780 121221.780 12.12 Agriculture Agriculture n/a
3.13 1108.583 1108.583 0.11 OAO Open Aquatic 3 1 1 1 1 3 1 Medium (High) See Section C 1.2 (Vegetation & Widlife constraints text).

4.00 130938.314 130938.314 13.09 Agriculture Agriculture n/a Yes 1 Low
4.01a 37484.324 37484.324 3.75 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 7 3 2 2 1 3 1 Yes High Yes 2 4 Medium

4.01b 46725.328 46725.328 4.67 SWM Mixed Swamp SWM2 Maple Mineral Mixed Swamp 7 2 2 3 1 3 1 Yes High Yes Yes 2 2 1 High Supports forest interior habitat when combined with 4.01e & 4.16a 

4.01c 3592.113 3592.113 0.36 FOM Mixed Forest FOD7 Fresh-Moist Cedar-Hardwood Mixed Forest 7 2 2 3 2 3 1 High

4.01d 7474.876 7474.876 0.75 CUW Cultural  Woodland CUW1 Mineral Cultural  Woodland 6 2 2 2 1 1 1 Medium Yes High Supports forest interior habitat when combined with 4.01b & 4.16a 

4.01e 8870.287 8870.287 0.89 SWT Swamp Thicket SWT2 Mineral Thicket Swamp 7 2 2 3 2 3 1 High Yes 1 (flyby) 3 Medium Significant wildlife observation does not merit constraint rating.
4.02 28088.949 28088.949 2.81 Agriculture Agriculture n/a Yes
4.03 712.257 712.257 0.07 Hedgerow Hedgerow n/a 2 Yes
4.04 87086.55 86730.405 8.67 Agriculture Agriculture n/a
4.05a 1542.65 1494.117 0.15 Hedgerow Hedgerow n/a 2
4.05b 1099.10 438.131 0.04 Hedgerow Hedgerow n/a 2
4.06 100265.38 83429.341 8.34 Agriculture Agriculture n/a
4.07 98849.01 1092.211 0.11 Agriculture Agriculture n/a
4.08 1045.026 0.000 0.00 Hedgerow Hedgerow n/a Polygon unit it entirely outside of subwatershed boundary
4.09 6860.793 6860.793 0.69 OAO Open Aquatic 3 1 1 1 1 3 1 High Yes 1 1 Medium Foraging location for Green Heron. 
4.10 868.633 868.633 0.09 Hedgerow Hedgerow n/a 2 Yes
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4.11 5908.415 5908.415 0.59 MAM Meadow Marsh MAM Meadow Marsh 4 1 2 1 1 3 1 High Yes 2 Low
4.12 124180.99 106724.646 10.67 Agriculture Agriculture n/a Yes
4.13a 24147.551 24147.551 2.41 SWM Mixed Swamp SWM4 White Cedar Organic Mixed Swamp 7 2 3 2 3 3 1 Yes High
4.13b 18177.423 18177.423 1.82 CUP Cultural Plantation CUP3 Coniferous Plantation 8 3 2 3 2 2 1 High (Medium) Yes See Section C 1.2 (Vegetation & Widlife constraints text).
4.13c 24481.651 24481.651 2.45 SWD Deciduous Swamp SWD Deciduous Swamp 8 2 3 3 3 3 1 Yes High Yes 1 2 Medium
4.14 49166.355 49166.355 4.92 Agriculture Agriculture n/a Yes
4.15 2650.071 2650.071 0.27 Hedgerow Hedgerow n/a 3 Yes 2 Low

4.16a 37067.994 37067.994 3.71 FOD Deciduous Forest FOD5 Dry-Fresh Sugar Maple Deciduous Forest 9 3 3 3 1 1 2 High Yes Yes 1 High Supports forest interior habitat when combined with 4.01b,e & 4.16b,c

4.16b 19104.891 19104.891 1.91 FOD Deciduous Forest FOD5 Dry-Fresh Sugar Maple Deciduous Forest 5 1 2 2 1 1 2 Medium Yes 1 Low
4.16c 30410.275 30410.275 3.04 SWD Deciduous Swamp SWD3 Maple Mineral Deciduous Swamp 9 3 3 3 2 3 1 Yes High
4.16d 2048.285 2048.285 0.20 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
4.17a 5192.049 5192.049 0.52 CUP Cultural Plantation CUP Cultural Plantation 5 2 1 2 1 1 1 Low
4.17b 21384.866 21384.866 2.14 Agriculture Agriculture n/a
4.18 1329.943 1329.943 0.13 Hedgerow Hedgerow n/a 1 Yes
4.19 11581.225 11581.225 1.16 Agriculture Agriculture n/a Yes
4.20 1324.730 1324.730 0.13 Hedgerow Hedgerow n/a 2 Yes
4.21 18135.734 18135.734 1.81 CUT Cultural Thicket CUT1 Mineral Cultural Thicket 7 2 3 2 2 3 1 High Yes
4.22 11661.756 11661.756 1.17 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
4.23 27201.194 27201.194 2.72 Agriculture Agriculture n/a
4.24 6864.21 6802.543 0.68 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low

5.00a 228766.482 228766.482 22.88 Agriculture Agriculture n/a Yes 1 Low
5.00b 19006.919 19006.919 1.90 Agriculture Agriculture n/a
5.01a 102485.631 102485.631 10.25 Agriculture Agriculture n/a Yes 1 Low
5.01b 126915.058 126915.058 12.69 Agriculture Agriculture n/a
5.02 57578.064 57578.064 5.76 SWD Deciduous Swamp SWD6 Maple Organic Deciduous Swamp Ecosite 8 3 2 3 2 3 1 High Yes Yes 2 High Supports forest intrior habitat when combined with 5.03
5.03 27294.222 27294.222 2.73 FOD Deciduous Forest FOD6 Fresh-Moist Sugar Maple Deciduous Forest 8 3 2 3 2 2 1 Yes Medium Yes Yes 1 1 High Supports forest intrior habitat when combined with 5.02
5.04 4317.283 4317.283 0.43 Hedgerow Hedgerow n/a 2 Yes
5.05 5303.678 5303.678 0.53 Cultural Plantation Plantation CUP3 Coniferous Plantation 7 2 2 3 1 1 1 Medium
5.06 382.538 382.538 0.04 Hedgerow Hedgerow n/a 2
5.07 838.476 838.476 0.08 Hedgerow Hedgerow n/a 2
5.08 2901.482 2901.482 0.29 Hedgerow Hedgerow n/a 2
5.09 2047.904 2047.904 0.20 FOD Deciduous Forest FOD6 Fresh-Moist Sugar Maple Deciduous Forest 6 2 2 2 1 1 3 High Yes
5.10 1338.662 1338.662 0.13 Hedgerow Hedgerow n/a 3 Yes Yes 1 1 Medium
5.11a 2318.592 2318.592 0.23 SWT Swamp Thicket SWT2 Mineral Thicket Swamp 7 3 3 1 2 3 1 High
5.11b 11063.828 11063.828 1.11 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 2 1 1 Low Yes 2 Low
5.12 24803.894 24803.894 2.48 Agriculture Agriculture n/a
5.13a 9905.820 9905.820 0.99 OAO Open Aquatic 3 1 1 1 1 3 1 High Yes 1 Medium
5.13b 9706.751 9706.751 0.97 CUT Cultural Thicket CUT1 Mineral Cultural Thicket 7 3 2 2 2 2 3 High Yes 1 Low
5.14a 6610.064 6610.064 0.66 FOD Deciduous Forest FOD6 Fresh-Moist Sugar Maple Deciduous Forest 8 2 3 3 1 2 2 Medium Yes 1 Low
5.14b 53463.099 53463.099 5.35 SWM Mixed Swamp SWM1 White Cedar Mineral Mixed Swamp 7 2 3 2 2 3 1 High Yes 1 4 Medium
5.14c 5285.281 5285.281 0.53 FOD Deciduous Forest FOD6 Fresh-Moist Maple Deciduous Forest 9 3 3 3 1 1 2 High
5.14d 2685.226 2685.226 0.27 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 1 3 1 Yes High
5.14e 6149.566 6149.566 0.61 FOM Mixed Forest FOM Mixed Forest 7 2 2 3 1 1 2 Medium Yes
5.14f 2153.469 2153.469 0.22 FOD Deciduous Forest FOD Deciduous Forest 7 2 2 3 1 1 3 High
5.15a 35792.396 35792.396 3.58 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low Yes 1 (tracks) 4 Medium
5.15b 13188.630 13188.630 1.32 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
5.16 5631.803 5631.803 0.56 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
5.17 56974.627 56974.627 5.70 Agriculture Agriculture n/a
5.18 3670.591 3670.591 0.37 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
5.19 11092.659 0.000 0.00 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low Unit is entirely outside of subwatershed boundary
5.20a 74822.79 72317.452 7.23 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 2 3 Low (High) See Section C 1.2 (Vegetation & Widlife constraints text).
5.20b 1198.368 1198.368 0.12 Hedgerow Hedgerow n/a 2
5.21 16630.940 16630.940 1.66 FOD Deciduous Forest FOD7 Fresh-Moist Lowland Deciduous Forest 8 3 2 3 2 2 3 Yes High
5.22a 10491.372 10491.372 1.05 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
5.22b 3661.397 3661.397 0.37 Agriculture Agriculture n/a
5.22c 1465.963 1465.963 0.15 Hedgerow Hedgerow n/a 2
5.23a 1284.145 1284.145 0.13 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 1 3 Medium (High) Yes 1 Low See Section C 1.2 (Vegetation & Widlife constraints text).
5.23b 4291.146 4291.146 0.43 CUS Cultural Savannah CUS1 Mineral Cultural Savannah 3 1 1 1 1 1 1 Low
5.24a 2032.876 2032.876 0.20 OAO Open Aquatic 3 1 1 1 1 3 1 Medium (High) Yes 1 Low See Section C 1.2 (Vegetation & Widlife constraints text).
5.24b 3011.927 3011.927 0.30 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low Yes 1 Low
5.25 21518.624 21518.624 2.15 MAM Meadow Marsh MAM3 Organic Meadow Marsh 4 1 2 1 2 3 1 High Yes 1 1 Medium
5.26a 6607.180 6607.180 0.66 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 2 3 1 High
5.26b 55966.501 55966.501 5.60 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
5.27 9595.507 9595.507 0.96 CUS Cultural Savannah CUS1 Mineral Cultural Savannah 7 3 2 2 1 1 1 Low (Medium) See Section C 1.2 (Vegetation & Widlife constraints text).

6.00a 20346.882 20346.882 2.03 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 4 1 2 1 2 3 1 High
6.00b 7122.275 7122.275 0.71 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 4 1 2 1 2 1 1 Low
6.00c 34221.674 34221.674 3.42 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 2 1 1 Low
6.01a 7543.847 7543.847 0.75 FOD Deciduous Forest FOD8 Fresh-Moist Poplar Deciduous Forest 7 2 3 2 1 3 1 High Yes 1 Low
6.01b 19291.864 19291.864 1.93 MAM Meadow Marsh MAM3 Organic Meadow Marsh 6 2 3 1 2 3 1 High
6.01c 3016.856 3016.856 0.30 SWD Deciduous Swamp SWD7 Birch-Poplar Organic Deciduous Swamp 6 2 2 2 1 3 1 High
6.02 52489.336 52489.336 5.25 Agriculture Agriculture n/a



Appendix J6: Vegetation Community Attributes and Constraint Ratings

Map 
No.

A
re

a 
(m

2 ) o
f p

ol
yg

on

A
re

a 
(m

2)
 o

f p
ol

yg
on

 
co

nt
ai

ne
d 

w
ith

in
 s

tu
dy

 
ar

ea

A
re

a 
(h

ec
ta

re
s)

 
co

nt
ai

ne
d 

w
ith

in
 s

tu
dy

 
ar

ea Community Series 
Code Community Series ELC Code ELC Ecosite

A
ve

ra
ge

 C
an

op
y 

Tr
ee

 
D

ia
m

et
er

/R
el

at
iv

e 
A

ge

St
ru

ct
ur

al
 D

iv
er

si
ty

C
an

op
y 

C
lo

su
re

To
po

gr
ap

hy

Se
ep

ag
e/

D
ra

in
ag

e 
C

on
di

tio
ns

Sl
op

e

C
on

tin
ui

ty
 C

la
ss

 
(H

ed
ge

ro
w

s 
on

ly
)

Si
gn

ifi
ca

nt
 P

la
nt

s

C
on

st
ra

in
t R

an
ki

ng

Fo
re

st
 In

te
rio

r H
ab

ita
t

G
ra

ss
la

nd
 H

ab
ita

t (
>1

0 
ha

)

W
ild

lif
e 

D
at

a

Si
gn

ifi
ca

nt
 W

ild
lif

e 
(W

at
er

lo
o 

R
eg

io
n)

B
ird

s 
of

 C
on

se
rv

at
io

n 
Pr

io
rit

y 
fo

r W
at

er
lo

o

Fr
og

s 
an

d 
To

ad
s

Sa
la

m
an

de
rs

Sn
ak

es

Tu
rt

le
s

C
on

st
ra

in
t R

an
ki

ng
 

(W
ild

lif
e)

Comments

6.03 89741.898 89741.898 8.97 Agriculture Agriculture n/a Yes
6.04a 2400.245 2400.245 0.24 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 1 3 1 High
6.04b 11187.545 11187.545 1.12 SWD Deciduous Swamp SWD4 Mineral Deciduous Swamp 7 3 2 2 1 3 1 Yes High Yes
6.04c 4332.590 4332.590 0.43 FOD Deciduous Forest FOD8 Fresh-Moist Poplar Deciduous Forest 5 2 2 1 1 2 1 Medium
6.04d 4762.857 4762.857 0.48 CUT Cultural Thicket CUT1 Mineral Cultural Thicket 4 1 2 1 1 1 1 Low
6.04e 4793.969 4793.969 0.48 FOM Mixed Forest FOM7 Fresh-Moist White Cedar-Hardwood Mixed Forest 8 2 3 3 2 2 2 Medium
6.04f 5848.956 5848.956 0.58 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low Yes 1 Low
6.05 16531.223 16531.223 1.65 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
6.06 567.952 567.952 0.06 Hedgerow Hedgerow n/a 1
6.07 5767.60 1794.857 0.18 Agriculture Agriculture n/a Polygon unit is partially outside of subwatershed boundary
6.08 1310.665 0.000 0.00 CUP Cultural Plantation CUP3 Coniferous Plantation Polygon unit is completely outside of subwatershed boundary
6.09 5954.393 0.000 0.00 Anthropogenic Anthropogenic n/a Polygon unit is completely outside of subwatershed boundary
6.10 28120.87 28074.036 2.81 Agriculture Agriculture n/a Yes
6.11 6354.152 6354.152 0.64 Agriculture Agriculture n/a
6.12a 1612.024 1612.024 0.16 CUP Cultural Plantation CUP3 Coniferous Plantation 8 3 2 3 1 1 1 Medium
6.12b 24382.956 24382.956 2.44 SWD Deciduous Swamp SWD4 Mineral Deciduous Swamp 9 3 3 3 1 3 1 Yes High Yes
6.12c 6000.290 6000.290 0.60 CUW Cultural Woodland CUW1 Mineral Cultural  Woodland 7 3 2 2 1 3 2 High
6.13 8399.493 8399.493 0.84 SWT Thicket Swamp SWT2 Mineral Thicket Swamp 7 2 3 2 1 3 1 High Yes
6.14a 802.043 802.043 0.08 Hedgerow Hedgerow n/a 1
6.14b 2062.686 2062.686 0.21 Hedgerow Hedgerow n/a 1
6.15 26313.752 26313.752 2.63 Agriculture Agriculture n/a
6.16a 4774.180 4774.180 0.48 Hedgerow Hedgerow n/a 2
6.16b 176218.578 176218.578 17.62 Agriculture Agriculture n/a
6.17a 10752.976 10752.976 1.08 SWD Deciduous Swamp SWD Deciduous Swamp 7 3 2 2 2 3 1 High Yes Yes High Supports forest interior habitat when combined with 6.18a,b
6.17b 5609.399 5609.399 0.56 SWD Deciduous Swamp SWD Deciduous Swamp 6 2 2 2 1 3 2 High Yes 1 Low
6.18a 15271.856 15271.856 1.53 CUP Cultural Plantation CUP3 Coniferous Plantation 8 3 2 3 1 1 1 Medium Yes
6.18b 28491.848 28491.848 2.85 CUP Cultural Plantation CUP3 Coniferous Plantation 8 3 2 3 1 1 2 Medium Yes 1 1 Medium
6.19a 3619.392 3619.392 0.36 CUP Hedgerow 3
6.19b 9573.106 9573.106 0.96 CUP Cultural Plantation CUP3 Coniferous Plantation 7 2 2 3 1 1 1 Medium Yes 1 Low
6.19c 233.485 233.485 0.02 OAO Open Aquatic 3 1 1 1 1 3 1 High
6.19d 1747.141 1747.141 0.17 OAO Open Aquatic 3 1 1 1 1 3 1 Medium (High) See Section C 1.2 (Vegetation & Widlife constraints text).
6.19e 819.471 819.471 0.08 OAO Open Aquatic 3 1 1 1 1 3 1 Medium (High) See Section C 1.2 (Vegetation & Widlife constraints text).
6.19f 381.671 381.671 0.04 OAO Open Aquatic 3 1 1 1 1 3 1 Medium (High) See Section C 1.2 (Vegetation & Widlife constraints text).
6.20a 4031.984 4031.984 0.40 Hedgerow Hedgerow n/a 2
6.20b 79223.975 79223.975 7.92 Agriculture Agriculture n/a Yes 1 Low
6.20c 2685.602 2685.602 0.27 MAS  Shallow Marsh MAS2 Mineral Shallow Marsh 4 1 2 1 1 3 1 Yes High Yes 3 Medium
6.20d 23217.663 23217.663 2.32 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 2 1 Medium Yes 1 (scat) 2 Low Significant wildlife observation does not merit constraint rating.
6.20e 1728.393 1728.393 0.17 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 4 1 2 1 1 3 1 Medium (High) See Section C 1.2 (Vegetation & Widlife constraints text).
6.20f 36697.303 36697.303 3.67 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 3 2 2 Yes Medium
6.20g 10311.341 10311.341 1.03 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 5 2 2 1 1 3 1 High
6.20h 17204.895 17204.895 1.72 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 1 Low
6.21 2047.874 2047.874 0.20 Hedgerow Hedgerow n/a 2
6.22a 4091.607 4091.607 0.41 FOD Deciduous Forest FOD7 Fresh-Moist Lowland Deciduous Forest 8 3 2 3 1 2 2 Medium
6.22b 2674.902 2674.902 0.27 CUP Cultural Plantation CUP3 Coniferous Plantation 7 3 2 2 1 1 1 Medium
6.23a 7574.817 7574.817 0.76 CUP Cultural Plantation CUP3 Coniferous Plantation 7 2 2 3 2 1 1 Medium
6.23b 14776.329 14776.329 1.48 SWM Mixed Swamp SWM4 White Cedar Organic Mixed Swamp 7 2 3 2 3 3 1 Yes High Yes 1 Low
6.24 14935.842 14935.842 1.49 Agriculture Agriculture n/a
6.25a 4659.630 4659.630 0.47 FOD Deciduous Forest FOD7 Fresh-Moist Lowland Deciduous Forest 7 3 2 2 1 1 1 Yes Medium Yes
6.25b 1751.869 1751.869 0.18 Hedgerow Hedgerow n/a 2

6.26a 7683.126 7683.126 0.77 SWM Mixed Swamp SWM4 White Cedar Organic Mixed Swamp 7 2 3 2 3 3 1 Yes High Composed of two polygons along Briardean Road (5402.135 m2 & 
1313.991 m2)

6.26b 9596.919 9596.919 0.96 SWD Deciduous Swamp SWD6 Maple Organic Deciduous Swamp 7 2 3 2 3 3 1 High Yes 1 1 1 Medium
6.26c 467.239 467.239 0.05 Hedgerow Hedgerow n/a 2
6.26d 10763.016 10763.016 1.08 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low Yes

6.27 8949.611 8949.611 0.89 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 5 1 3 1 1 3 1 High Yes 1 1 4 Medium A second regionally significant wildlife species was reported in 1995

6.28a 74232.974 74232.974 7.42 Agriculture Agriculture n/a Yes 1 Low
6.28b 5687.792 5687.792 0.57 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 2 3 1 High
6.28c 1012.836 1012.836 0.10 Hedgerow Hedgerow n/a 3
6.29a 10694.336 10694.336 1.07 FOM Mixed Forest FOM2 Dry-Fresh Maple-Oak Mixed Forest 8 3 2 3 1 1 3 High Yes 1 Low
6.29b 13485.457 13485.457 1.35 FOD Deciduous Forest FOD5 Dry-Fresh Sugar Maple  Deciduous Forest 9 3 3 3 1 1 2 High Yes
6.29c 2279.098 2279.098 0.23 CUP Cultural Plantation CUP3 Coniferous Plantation 6 2 1 3 1 1 3 High

6.30a 13698.448 13698.448 1.37 SWC Coniferous Swamp SWC3 White Cedar Organic Coniferous  Swamp 7 2 3 2 2 3 1 Yes High Yes Yes 1 High Supports forest interior habitat when combined with 6.30b,c and 6.35d 
and 6.54a

6.30b 5647.109 5647.109 0.56 MAM Meadow Marsh MAM3 Organic Meadow Marsh 8 3 3 2 2 3 1 High Yes

6.30c 31714.473 31714.473 3.17 SWM Mixed Swamp SWM1 White Cedar Mineral Mixed Swamp 7 2 2 3 3 3 2 Yes High Yes High Supports forest interior habitat when combined with 6.30a,b and 6.25d.

6.30d 2275.155 2275.155 0.23 FOD Deciduous  Forest FOD Deciduous Forest 9 3 3 3 2 2 3 Yes High
6.30e 3927.166 3927.166 0.39 CUW Cultural Woodland CUW1 Mneral Cultural Woodland 7 2 3 2 2 2 Medium Yes
6.31a 7109.880 7109.880 0.71 CUP Cultural Plantation CUP3 Coniferous Plantation 6 2 1 3 2 1 3 High Yes 1 Low
6.31b 1349.863 1349.863 0.13 FOD Deciduous Forest FOD5 Dry-Fresh Sugar Maple Deciduous Forest 8 3 2 3 1 1 3 High
6.31c 1266.176 1266.176 0.13 Hedgerow Hedgerow n/a 2
6.32a 6266.766 6266.766 0.63 OAO Open Aquatic 3 1 1 1 1 3 1 High Yes
6.32b 3416.867 3416.867 0.34 CUW Cultural Woodland CUW1 Mineral Cultural Woodland 6 2 2 2 1 3 1 High Yes
6.32c 2198.091 2198.091 0.22 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 6 2 3 1 2 3 1 High
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Comments

6.32d 1709.154 1709.154 0.17 CUW Cultural Woodland CUW1 Mineral Cultural Woodland 7 2 2 3 1 3 2 High
6.33 8694.331 8694.331 0.87 CUW Cultural Woodland CUW1 Mineral Cultural Woodland 7 3 2 2 1 3 1 Medium (High) See Section C 1.2 (Vegetation & Widlife constraints text).
6.34 2204.327 2204.327 0.22 Hedgerow Hedgerow n/a 2
6.35a 51205.433 51205.433 5.12 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 4 1 2 1 1 1 2 Medium
6.35b 8800.263 8800.263 0.88 MAM Meadow Marsh MAM3 Organic Meadow Marsh Ecosite 5 1 3 1 2 3 1 Yes High Yes 1 (flyby) 1 & 1 flyby Low Significant wildlife observation does not merit constraint rating.
6.35c 1138.937 1138.937 0.11 FOD Deciduous Forest FOD3 Dry-Fresh Poplar Deciduous Forest 3 1 1 1 1 1 1 Low
6.35d 3409.770 3409.770 0.34 FOD Deciduous Forest FOD7 Fresh-Moist Lowland Deciduous Forest 7 2 2 3 1 2 1 Medium
6.35e 46483.901 46483.901 4.65 CUM Cultural Meadow CUM Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
6.36a 15087.807 15087.807 1.51 FOC Coniferous Forest FOC4 Fresh-Moist White Cedar Coniferous Forest 6 2 1 3 1 2 3 High
6.36b 2916.012 2916.012 0.29 FOM Mixed Forest FOM7 Fresh-Moist White Cedar-Hardwod Mixed Forest 7 2 2 3 1 2 3 High Yes
6.37a 16769.028 16769.028 1.68 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 1 3 1 High
6.37b 14233.664 14233.664 1.42 SWC Coniferous Swamp SWC1 White Cedar Mineral Coniferous Swamp 6 2 1 3 2 3 1 High
6.37c 1473.218 1473.218 0.15 SWD Deciduous Swamp SWD4 Poplar Mineral Deciduous Swamp 6 1 2 3 2 3 1 High
6.37d 2446.734 2446.734 0.24 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 5 1 1 3 2 3 1 High
6.37e 3557.045 3557.045 0.36 FOD Deciduous Forest FOD7 Fresh-Moist Lowland Deciduous Forest 6 1 2 3 2 3 1 High
6.38 16012.385 16012.385 1.60 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 2 3 1 High
6.39a 32075.967 32075.967 3.21 SWT Thicket Swamp SWT2 Mineral Thicket Swamp 4 1 1 2 1 3 1 Yes High
6.39b 4687.046 4687.046 0.47 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 6 2 2 2 2 3 1 High Yes 1 1 Medium
6.40 19133.161 19133.161 1.91 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 6 2 3 1 2 3 1 High Yes 2 5 1 High
6.41a 46222.216 46222.216 4.62 SWC Coniferous Swamp SWC Coniferous Swamp 8 2 3 3 1 3 1 Yes High Yes 1 1 Medium
6.41b 6054.230 6054.230 0.61 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 2 3 1 High Yes 1 1 Medium
6.42 13504.395 13504.395 1.35 FOD Deciduous Forest FOD6 Fresh-Moist Sugar Maple Deciduous Forest Ecosite 9 3 3 3 2 2 2 Yes High Yes
6.43 7096.580 7096.580 0.71 CUT Cultural Thicket CUT1 Mineral Cultural Thicket 5 2 2 1 1 1 1 Low Yes
6.44a 27674.161 27674.161 2.77 SWC Coniferous Swamp SWC Coniferous Swamp 7 2 2 3 2 3 1 High
6.44b 37437.113 37437.113 3.74 FOC Coniferous Forest FOC4 Fresh-Moist White Cedar Coniferous Forest 9 3 3 3 1 2 1 High Yes 1 1 Medium
6.44c 6744.055 6744.055 0.67 Anthropogenic Anthropogenic n/a Yes 1 1 Medium
6.45 49146.905 49146.905 4.91 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 4 1 2 1 1 3 1 High Yes 1 1 Medium
6.46a 28902.148 28902.148 2.89 SWT Thicket Swamp SWT2 Mineral Thicket Swamp 4 1 2 1 1 3 1 High Yes 1 Low
6.46b 11936.049 11936.049 1.19 SWT Thicket Swamp SWT2 Mineral Thicket Swamp 4 1 2 1 1 3 1 High Yes
6.46c 3462.331 3462.331 0.35 SWT Thicket Swamp SWT2 Mineral Thicket Swamp 4 1 2 1 1 3 1 High
6.47 3219.988 3219.988 0.32 FOC Coniferous Forest FOC4 Fresh-Moist White Cedar Coniferous Forest 9 3 3 3 1 2 1 High
6.48a 6632.725 6632.725 0.66 CUW Cultural Woodland CUW2 Bedrock Cultural Woodland 6 2 2 2 1 1 1 Medium Yes 1 Low
6.48b 4908.823 4908.823 0.49 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 5 2 2 1 3 3 1 High
6.48c 1129.780 1129.780 0.11 CUM Cultural Meadow CUM2 Bedrock Cultural Meadow 3 1 1 1 1 1 1 Low Yes
6.48d 18844.422 18844.422 1.88 CUW Cultural Woodland CUW2 Bedrock Cultural Woodland 6 2 2 2 1 1 1 Medium Yes 1 1 Medium
6.48e 3581.059 3581.059 0.36 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 1 3 1 High
6.49a 9904.291 9904.291 0.99 CUP Cultural Plantation CUP3 Coniferous Plantation 7 3 2 2 1 1 1 Medium
6.49b 2556.088 2556.088 0.26 MAM Meadow Marsh MAM1 Bedrock Meadow Marsh 3 1 1 1 1 2 1 Yes Medium Yes 1 Low
6.50 19908.301 19908.301 1.99 FOC Coniferous Forest FOC4 Fresh-Moist White Cedar Coniferous Forest 8 3 2 3 2 1 1 Medium Yes
6.51 4264.155 4264.155 0.43 CUP Cultural Plantation CUP3 Coniferous Plantation 5 2 1 2 1 1 1 Low
6.52 39983.529 39983.529 4.00 Agriculture Agriculture n/a
6.53 7216.257 7216.257 0.72 Anthropogenic Anthropogenic n/a
6.54a 8808.791 8808.791 0.88 SWT Thicket Swamp SWT3 Organic Thicket Swamp 8 3 3 2 3 3 1 Yes High
6.54b 198976.160 198976.160 19.90 MAM Meadow Marsh MAM Meadow Marsh 3 1 1 1 1 3 1 High Yes
6.54c 6723.685 6723.685 0.67 CUT Cultural Thicket CUT1 Mineral Cultural Thicket 3 1 1 1 1 1 1 Low
6.55 38519.001 38519.001 3.85 OAO Open Aquatic Not rated Yes 2 Not rated Speed River (Aquatic habitat)
6.56a 6064.971 6064.971 0.61 SWD Deciduous Swamp SWD6 Maple Organic Deciduous Swamp 8 3 3 2 1 3 1 High Yes
6.56b 11400.988 11400.988 1.14 Cultural Plantation Plantation CUP3 Coniferous Plantation 7 2 2 3 1 1 1 Medium

7.00 34527.18 2229.074 0.22 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low Yes Majority of polygon unit is outside of watershed boundary
7.01 5896.85 515.598 0.05 Hedgerow Hedgerow n/a 2 Majority of polygon unit is outside of watershed boundary
7.02 68576.41 26479.224 2.65 Agriculture Agricultural n/a Polygon unit is partially outside of subwatershed boundary
7.03a 10133.782 10133.782 1.01 CUW Cultural Woodland CUW1 Mineral Cultural Woodland 7 3 2 2 1 3 3 High
7.03b 75991.903 75991.903 7.60 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
7.04 489.440 489.440 0.05 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 1 3 1 High Yes 1 Medium

8.00a 16023.250 16023.250 1.60 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 4 1 2 1 1 3 1  Medium (High) See Section C 1.2 (Vegetation & Widlife constraints text).
8.00b 18916.420 18916.420 1.89 CUM Cultural Meadow CUM1 Mineral Cultural Meadow 3 1 1 1 1 1 1 Low
8.01 1734.815 1734.815 0.17 MAM Meadow Marsh MAM2 Mineral Meadow Marsh 3 1 1 1 1 3 1 High
8.02 2374.891 2374.891 0.24 FOD Deciduous Forest FOD7 Fresh-Moist Lowland Deciduous Forest 6 2 1 3 2 3 1 High



Appendix J7: Wildlife Constraint Assessment Methodology 
 
 
HABITAT CRITERIA 
 
Forest Interior Habitat 
Forest interior species are generally considered to be those that nest only within the forest interior and rarely occur 
near the edge. Most authors recognize the forest interior as the area greater than 100 m away from the forest edge 
(Riley and Mohr, 1994). This group of species has received special concern over the past decade, since it has been 
shown that many are undergoing significant population declines due to increased deforestation, forest fragmentation, 
and nest predation/parasitism. 

• Forests blocks that contain forest interior habitat (use 100 m threshold) = HIGH CONSTRAINT. 
 
Grassland Habitat 
Grasslands are recognized by many as the most imperilled ecosystems worldwide. Native North American 
Grasslands have dramatically declined in area. In particular, grassland bird populations have shown steeper, more 
consistent, and more geographically widespread declines than any other behavioural guild of North American species 
(Department of the Interior Grassland Bird Working Group, 1996). 

• Grasslands larger than 20 ha = HIGH CONSTRAINT. 
 
 
SPECIES CRITERIA 

 
Significant Species 

• Habitats† that are known to support… 
…species officially designated as ‘endangered’, ‘threatened’ or ‘vulnerable’, either nationally or 
provincially, with the exception of Monarch (Danaus plexippus), = HIGH CONSTRAINT. No 
minimum number of species is required. 

• Habitats† that are known to support… 
…0–1 species with a subnational (Srank)* of S4 = LOW CONSTRAINT 
…2 species with a subnational (Srank)* of S4 = MEDIUM CONSTRAINT 
…3+ species with a subnational (Srank)* of S4 = HIGH CONSTRAINT 
…species with a subnational (Srank)* of S1–S3 = HIGH CONSTRAINT 
 
 

• Habitats† that are known to support… 
1–2 regionally significant species** = MEDIUM CONSTRAINT 
3+ regionally significant species** = HIGH CONSTRAINT 
 
 

• Habitats† that are known to support… 
1–2 bird species of conservation priority*** = LOW CONSTRAINT 
3–4 bird species of conservation priority*** = MEDIUM CONSTRAINT 
5+ species of conservation priority*** = HIGH CONSTRAINT 
 

 
 

 
* Subnational ranks (Sranks) are listed on the Ontario Natural Heritage Information Centre website: 

http://www.mnr.gov.on.ca/MNR/nhic/lists 
 
**  Regionally significant species are those that are either recognized under the Southern Ontario Wetland 

Evaluation Manual (O.M.N.R., 1994) or other officially adopted regional list (i.e. The Regional Municipality of 
Waterloo, 1985a, 1985b, and 1996).  

 
*** Bird species of conservation priority are those that are recognized by Couturier (1999). 
 
† ‘Habitats’ should be interpreted as vegetation units described at the Community Class level of the Ecological 

Land Classification (ELC) scheme (Lee et al., 1998). However, habitat utilization by wildlife species does not 
always coincide with these arbitrary distinctions. For example, some breeding bird species occur regularly in 
both Forest and Swamp community classes. In situations where a species was observed in one community 
class that was adjacent to another community class that the species could also regularly occur in, both 
habitat units should receive the higher constraint rating of the two.  

 
 



Amphibian Diversity*† (includes vernal ponds, as well as upland habitats) 
 
Frogs and Toads 
Proper assessment (detection of all potentially occurring species) is typically dependent on conducting 3 sets of 
nocturnal calling surveys. 

• Habitats that support 1–2 species of frog or toads = LOW CONSTRAINT 
• Habitats that support 3–4 species of frog or toads = MEDIUM CONSTRAINT 
• Habitats that support 5+ species of frog or toads = HIGH CONSTRAINT 

 

Salamanders 
Ideally, surveys should be conducted at night, shortly after ponds become ice-free for pond-breeding species (e.g. 
Ambystoma and Notophthalmus sp). Cover objects, such as logs, rocks and other natural debris should also be 
overturned in search of terrestrial species (e.g. Plethodon sp.) 

• Habitats that support 1 species of salamander = LOW CONSTRAINT 
• Habitats that support 2 species of salamander = MEDIUM CONSTRAINT 
• Habitats that support 3+ species of salamander = HIGH CONSTRAINT 

 
 
Reptilian Diversity 
Assessing reptilian diversity accurately usually requires repeated visits. An absence of observations does not 
necessarily mean absence of species or low diversity. 

  
Snakes 
Snakes are especially shy and difficult to detect. Therefore, an absence of species detected does not necessarily 
mean that none are present. Greater success at finding snakes may be achieved by conducting surveys on the first 
warm and sunny days of spring to correspond with the time snakes leave their subterranean hibernacula. Warm, 
sunny days in late fall may also be good times to look for these species as individuals begin to move back to their 
overwintering sites. 

• Habitats that support 1–2 species of snakes = LOW CONSTRAINT 
• Habitats that support 3 species of snakes = MEDIUM CONSTRAINT 
• Habitats that support 4+ species of snakes = HIGH CONSTRAINT 

 
Turtles 
One of the best ways to find turtles are to look for them basking in the sun. However, not all species commonly 
exhibit this behaviour (e.g. Common Snapping Turtle) and not all days that surveys are conducted are sunny. 
Repeated visits to the same location should help to determine whether turtles do or do not use a particular site. 

• Habitats that support 1 species of turtle = LOW CONSTRAINT 
• Habitats that support 2 species of turtle = MEDIUM CONSTRAINT 
• Habitats that support 3+ species of turtle = HIGH CONSTRAINT 
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APPENDIX J8 - Wildlife Species Observed in Hespeler West Subwatersheds

Common Name Scientific Name
Regionally 
Significant 
Species1,2,3

2002 
Observations

Pre 2002 
Observations

1 1 Ebony Jewelwing Calopteryx maculata X
2 2 American Rubyspot Hetaerina americana X
3 3    Unidentified Spreadwing Species? Lestes sp. (other than dryas ) X
4 4    Unidentified Bluet species? Enallagma sp. X
5 5 Common Green Darner Anax junius X
6 6 Delta-spotted Spiketail Cordulegaster diastatops X
7 7 Dot-tailed Whiteface Leucorrhinia intacta X
8 8 Pied Skimmer Libellula luctuosa X
9 9 Common Whitetail Libellula lydia X

10 10 Twelve-spotted Skimmer Libellula pulchella X
11 11    Unidentified Meadowfly species? Sympetrum sp. (other than obtrusum ) X

12 1 European Skipper Thymelicus lineola X
13 2 Cabbage White Pieris rapae X
14 3 Clouded (Common) Sulphur Colias philodice X
15 4 Spring Azure Celastrina ladon X
16 5    Crescent Species Phyciodes sp X
17 6 Baltimore Checkerspot Euphydryas phaeton X
18 7 Mourning Cloak Nymphalis antiopa X
19 8 Red Admiral Vanessa atalanta X
20 9 Red-spotted Purple Limenitis arthemis astyanax X
21 10 Viceroy Limenitis archippus X
22 11 Common Ringlet Coenonympha tullia X
23 12 Little Wood-Satyr Megisto cymela X

24 1 Northern Redback Salamander Plethodon cinereus X X
25 2 American Toad Bufo americanus americanus X X
26 3 Tetraploid Gray Treefrog Hyla versicolor X X
27 4 Western Chorus Frog Pseudacris triseriata X
28 5 Spring Peeper Pseudacris crucifer crucifer X X
29 6 Bullfrog Rana catesbeiana X
30 7 Green Frog Rana clamitans X X
31 8 Northern Leopard Frog Rana pipiens X X
32 9 Wood Frog Rana sylvatica X X
33 10 Snapping Turtle Chelydra serpentina X
34 11 Midland Painted Turtle Chrysemys picta marginata X

   unidentified remains of turtle eggs X
35 12 Northern Water Snake Nerodia sipedon sipedon X
36 13 Eastern Garter Snake Thamnophis sirtalis sirtalis X X

37 1 Great Blue Heron Ardea herodias X X
38 2 Snowy Egret Egretta thula X
39 3 Green Heron Butorides virescens X
40 4 Turkey Vulture Cathartes aura X
41 5 Canada Goose Branta canadensis X X
42 6 Wood Duck Aix sponsa X
43 7 Mallard Anas platyrhynchos X X
44 8 Ring-necked Duck Aythya collaris X
45 9 Cooper's Hawk Accipiter cooperii X

DAMSELFLIES & DRAGONFLIES

BUTTERFLIES

HERPETOFAUNA

BIRDS



APPENDIX J8 - Wildlife Species Observed in Hespeler West Subwatersheds

Common Name Scientific Name
Regionally 
Significant 
Species1,2,3

2002 
Observations

Pre 2002 
Observations

46 10 Red-tailed Hawk Buteo jamaicensis X X
47 11 American Kestrel Falco sparverius X
48 12 Ruffed Grouse Bonasa umbellus X X
49 13 Sora Porzana carolina X
50 14 Black-bellied Plover Pluvialis squatarola X
51 15 Killdeer Charadrius vociferus X X
52 16 Yellowlegs species? Tringa sp. X
53 17 Spotted Sandpiper Actitis macularia X
54 18 American Woodcock Scolopax minor X
55 19 Ring-billed Gull Larus delawarensis X
56 20 Rock Dove Columba livia X
57 21 Mourning Dove Zenaida macroura X X
58 22 Yellow-billed Cuckoo Coccyzus americanus X
59 23 Great Horned Owl Bubo virginianus X X
60 24 Great Gray Owl Strix nebulosa X
61 25 Ruby-throated Hummingbird Archilochus colubris X X
62 26 Belted Kingfisher Ceryle alcyon X
63 27 Red-bellied Woodpecker Melanerpes carolinus X
64 28 Downy Woodpecker Picoides pubescens X X
65 29 Hairy Woodpecker Picoides villosus X X
66 30 Northern Flicker Colaptes auratus X X
67 31 Pileated Woodpecker Dryocopus pileatus X
68 32 Eastern Wood-Pewee Contopus virens X X
69 33 Alder Flycatcher Empidonax alnorum X
70 34 Willow Flycatcher Empidonax traillii X
71 35 Least Flycatcher Empidonax minimus X
72 36 Eastern Phoebe Sayornis phoebe X
73 37 Great Crested Flycatcher Myiarchus crinitus X X
74 38 Eastern Kingbird Tyrannus tyrannus X
75 39 Warbling Vireo Vireo gilvus X
76 40 Red-eyed Vireo Vireo olivaceus X X
77 41 Blue Jay Cyanocitta cristata X X
78 42 American Crow Corvus brachyrhynchos X X
79 43 Horned Lark Eremophila alpestris X X
80 44 Tree Swallow Tachycineta bicolor X
81 45 Northern Rough-winged Swallow Stelgidopteryx serripennis X
82 46 Bank Swallow Riparia riparia X
83 47 Barn Swallow Hirundo rustica X
84 48 Black-capped Chickadee Poecile atricapillus X X
85 49 White-breasted Nuthatch Sitta carolinensis X
86 50 Red-breasted Nuthatch Sitta canadensis X
87 51 Brown Creeper Certhia americana X
88 52 House Wren Troglodytes aedon X
89 53 Golden-crowned Kinglet Regulus satrapa X
90 54 Eastern Bluebird Sialia sialis X X
91 55 Veery Cathartes fuscescens X
92 56 Wood Thrush Hylocichla mustelina X
93 57 American Robin Turdus migratorius X X
94 58 Gray Catbird Dumetella carolinensis X X
95 59 European Starling Sturnus vulgaris X
96 60 Cedar Waxwing Bombycilla cedrorum X X
97 61 Yellow Warbler Dendroica petechia X
98 62 Black-throated Green Warbler Dendroica virens X
99 63 Pine Warbler Dendroica pinus X

100 64 Blackpoll Warbler Dendroica striata X



APPENDIX J8 - Wildlife Species Observed in Hespeler West Subwatersheds

Common Name Scientific Name
Regionally 
Significant 
Species1,2,3

2002 
Observations

Pre 2002 
Observations

101 65 American Redstart Setophaga ruticilla X
102 66 Ovenbird Seiurus aurocapillus X
103 67 Mourning Warbler Oporornis philadelphia X
104 68 Common Yellowthroat Geothlypis trichas X
105 69 Chipping Sparrow Spizella passerina X X
106 70 Clay-colored Sparrow Spizella pallida X
107 71 Field Sparrow Spizella pusilla X
108 72 Vesper Sparrow Pooecetes gramineus X
109 73 Savannah Sparrow Passerculus sandwichensis X X
110 74 Grasshopper Sparrow Ammodramus savannarum X
111 75 Song Sparrow Melospiza melodia X X
112 76 Swamp Sparrow Melospiza georgiana X
113 77 Dark-eyed Junco Junco hyemalis X
114 78 Lapland Longspur Calcarius lapponicus X
115 79 Snow Bunting Plectrophenax nivalis X
116 80 Northern Cardinal Cardinalis cardinalis X X
117 81 Rose-breasted Grosbeak Pheucticus ludovicianus X
118 82 Indigo Bunting Passerina cyanea X
119 83 Bobolink Dolichonyx oryzivorus X
120 84 Red-winged Blackbird Agelaius phoeniceus X X
121 85 Eastern Meadowlark Sturnella magna X
122 86 Common Grackle Quiscalus quiscula X
123 87 Brown-headed Cowbird Molothrus ater X
124 88 Baltimore Oriole Icterus galbula X X
125 89 House Finch Carpodacus mexicanus X
126 90 American Goldfinch Carduelis tristis X X
127 91 House Sparrow Passer domesticus X

MAMMALS
128 1 Virginia Opossum Didelphis virginiana X X
129 2 Eastern Cottontail Sylvilagus floridanus X X
130 3 Eastern Chipmunk Tamias striatus X X
131 4 Woodchuck Marmota monax X
132 5 Gray Squirrel Sciurus carolinensis X
133 6 Red Squirrel Tamiasciurus hudsonicus X X
134 7 Beaver Castor canadensis X
135 8 Meadow Vole Microtus pennsylvanicus X
136 9    unidentified small mammal X
137 10 Norway Rat Rattus norvegicus X
138 11 Muskrat Ondatra zibethicus X
139 12 Porcupine Erethizon dorsatum X
140 13 Coyote Canis latrans X X
141 14 Red Fox Vulpes vulpes X
142 15 Raccoon Procyon lotor X X
143 16 Striped Skunk Mephitis mephitis X
144 17 White-tailed Deer Odocoileus virginianus X X

Legend
1.  Regional Municipality of Waterloo, 1985a. Appendix 3: Reptiles and Amphibians in Environmentally Sensitive Policy Areas Technical Appendix.
2.  Regional Municipality of Waterloo, 1985b. Appendix 4: Mammals in Environmentally Sensitive Policy Areas Technical Appendix. Approved by Council: 1986.
3.  Regional Municipality of Waterloo, 1996.  Revisions to Waterloo Region's Significant Species List: Breeding Birds Component. Report to Planning and 

Culture Committee PC-96-021. Approved by Council: April 25, 1996.
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September 2004

NOTE: The November 2003 Report of the Hespeler West Subwatersheds Study includes changes to the 
following maps dated November 2003: 
 

 Figure B 8.3.1 - Existing Natural Heritage System:  The farm laneway on the ORC lands south 
of Middle Block Road, east of Fountain Street that was incorrectly identified as "marsh" has been 
changed to "cultural feature". The farm fields that lay outside the subwatersheds boundary that 
were incorrectly shaded as "natural heritage features outside the sws" have had the shading 
removed. Several polygons south of Maple Grove Road between Speedsville and Beaverdale 
that were coloured incorrectly have been properly coloured (for instance, the large polygon south 
of Starr Crescent in Idylwild Estates that was identified as "swamp" has been correctly coloured 
"anthropogenic"). 

 
 Map 02 - Existing Natural Heritage System:  This map was missing the wildlife observation 

dots. They have been added. 
 
At this time, minor corrections have also been made to the following: 
 

 Figure A 1.1.2 - Subwatershed Stream and Ponds:  Ponds have been labeled. 
 

 Figure A 3.3.1 - Existing Stormwater Drainage System:  The misspelling of Briardean Road 
has been corrected. 

 
 Figure B 1.4.1 - Overburden Thickness:  The City road network has been updated and 

corrected. 
 

 Figure B 3.2.1 - Regulatory Floodlines:  The East Creek Floodline has changed in the 
downstream portion to reflect refinements requested by GRCA (spill area along Beaverdale Road 
- this was already shown on the detailed floodline Map 1A but had not been changed on the 
Figure B 3.2.1). The Middle Creek Floodline in the upstream portion north of Middle Block Road 
has changed to reflect refinements requested by GRCA (the computer-drafted floodline crossed 
contours in a couple of spots at the extreme eastern edge of the floodplain - this also changed 
detailed floodline map 1D). 

 
 Figure B 8.3.2 - Evaluated Wetlands:  The farm laneway on the ORC lands south of Middle 

Block Road, east of Fountain Street that was incorrectly identified as Maple Grove Wetland 
Complex has been removed from wetland designation. The note regarding polygon numbering 
was removed as it did not apply to this map. 

 
 Figure B 8.3.3 - Natural Heritage Constraints:  The farm laneway on the ORC lands south of 

Middle Block Road, east of Fountain Street that was incorrectly identified as "high constraint" has 
been changed to "low constraint". 

 
 Figure C 1.2.1 - Conceptual Watershed Linkage and Enhancement Areas:  The underlying 

Natural Heritage Features polygons have been correctly colour-coded per Figure B8.3.1 Existing 
Natural Heritage System. The local linkage opportunity previously shown on the farm laneway on 
the ORC lands south of Middle Block Road, east of Fountain Street has been shifted south to run 
along the hedgerow north of the Loblaws site. 
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 Figure C 3.3.1 - Greenspace Management Strategy:  The Significant Natural Heritage Feature 

and buffer shown along the farm laneway on the ORC lands south of Middle Block road, east of 
Fountain Street has been removed and an Enhancement Area shown along the hedgerow north 
of the Loblaws site instead, linking across Fountain Street to the wetland block to the west. The 
portion of the Speed River Wetland south of Hunt Club Road has been shown as "Significant 
Natural Feature" with associated 30 metre buffer. The floodlines for East and Middle Creek have 
been corrected per Figure B 3.2.1 Regulatory Floodlines. 

 
 Map 1D – Floodlines:  Middle Creek Floodline in the upstream portion north of Middle Block 

Road has changed to reflect refinements requested by GRCA (the computer-drafted floodline 
crossed contours in a couple of spots at the extreme eastern edge of the floodplain). 

 
 Map 03 - Greenspace Management Strategy:  Same changes as to Figure C 3.3.1 Greenspace 

Management Strategy. 
 

 Table B 8.3.1 - ELC Community Series Present in the Hespeler West Subwatersheds: This 
table changed because the Cultural Meadow area and percentage of subwatersheds went up 
slightly and the Meadow Marsh area and percentage of subwatersheds went down slightly due to 
the farm laneway on the ORC lands south of Middle Block road, east of Fountain Street changing 
from Meadow Marsh to Cultural Meadow. 

 
 Quick Facts:  Hespeler West Subwatersheds (Page D-24):  Percentage of subwatershed 

covered by wetland went down from 20.06% to 19.92% due to the farm laneway on the ORC 
lands south of Middle Block Road, east of Fountain Street that was incorrectly identified as Maple 
Grove Wetland Complex being removed from wetland designation. 

 
 Appendix J6 – Unit 2.11:  This is the farm laneway on the ORC lands south of Middle Block 

Road, east of Fountain Street - this vegetation unit changed from MAM Meadow Marsh of High 
Constraint Rating to CUM Cultural Meadow of Low Constraint Rating. 

 
 
All revised information has been dated “November 2003”.  Information that has not been changed 
continues to be dated March 2003 in this draft report. 
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MGWA PEIL / Dougan Comments 
 
 
 
 
Hedgerow portions extending outside 
subwatershed boundaries have been removed from 
Figure B 8.3.1 
Veg Unit 0.04 – see comment contained in 
Appendix J6 re: disturbance within portion inside 
subwatershed boundaries 
Fig B 8.3.1 legend subtitle has been revised to say 
“Features” rather than “Natural Heritage Features” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Changed map reference Map J1 to read Map 02. 
 
 
 
Although:  Corrected. 
Bankfull:  One Word. 
 
LWD abbreviation is identified on B-50. 
 
 
 
Typically:  Corrected. 
Discussed:  Corrected 
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MGWA PEIL / Dougan Comments 
 
 
 
It:  Corrected on Appendix D. 
Closed parenthesis in Figure 2.2.1a.   
“STOR” is model term for storage.   
Changed: Maple Grove Provincially Significant 
Wetland Complex. 
Changed to “Marginal commercial viability”. 
 
 
 
 
 
 
Revised text. 
 
 
Revised text. 
 
 
 
 
The City of Cambridge is preparing a revised 
Greenspace Management Strategy based on 
comments received. 
 
 
 
The City of Cambridge is preparing a revised 
Greenspace Management Strategy based on 
comments received. 
 



 

 
 

Page 3 
September 2004 

MGWA PEIL / Dougan Comments 

 

 
 
 
 
 
The City of Cambridge is preparing a revised 
Greenspace Management Strategy based on 
comments received. 
 
 
 
 
 
 
 
 
This channel and its vegetative cover was 
eliminated and will be re-established as a riparian 
system. The City of Cambridge will revise its 
mapping to reflect the new channel and its 
proposed vegetative cover. 
 
 
Layer originally from MNR.  East Creek corrected 
per comments, however, creek line is not a 
surveyed line and remains for general location only. 
 
 
The City will be producing updated ELC mapping 
and a final MNR wetlands map. Some areas taken 
out of the PSW by MNR are wetlands according to 
ELC definitions, and will be shown as such on the 
City’s ELC mapping. For the purposes of future 
planning decisions, the PSW limits as affirmed by 
MNR will have the highest priority.  
 
 
The City did not request this level of detail in our 
reporting. Queries for site-specific data may be 
made by special arrangement from the City. 
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MGWA PEIL / Dougan Comments 

 

 
 
 
 
 
In the revised report these discrepancies have 
been addressed, and numbers also reflect the final 
confirmation of identifications of several plant 
species. 
 
The revised report indicates only one provincially 
significant plant species (Carex formosa); review of 
other sedges by Dr. Peter Ball, a sedge expert 
(retired) from Erindale College determined that two 
species previously listed in Table B 8.3.3 are more 
common species; Table B 8.3.3 has therefore been 
revised. Native Honey Locust is provincially rare; 
the widely cultivated cultivars are not naturally 
reproducing in the subwatersheds and therefore 
Honey Locust has not been included in Table B 
8.3.3 (Significant Vascular Plants) 
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MGWA PEIL / Dougan Comments 
 
 
 
 
The habitat notes in Table B 8.3.3 reflect the 
general habitat conditions where these species 
were encountered in the subwatersheds. Minor 
adjustments to the table have been made to clarify 
its purpose. 
The Coefficient of Wetness (COW) ratings in 
Appendix J4a have no official status under the 
Ontario Wetland Evaluation System (OWES); the 
OWES Manual contains lists of typical wetland 
indicator species, some of which are not obligate 
wetland species but which are considered reliable 
indicators. A review of COW ratings has been 
recommended in a study being conducted to 
harmonize the OWES and ELC systems in Ontario.  
 
 
 
 
 
 
 
 
 
 
 
 
To be revised in future detailed analysis. 
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MGWA PEIL / Dougan Comments 
 
 
 
 
 
 
 
 
 
To be revised in future detailed analysis.  
 
 
 
 
 
 
 
 
Modelling revised resulting in minor changes to 
floodlines and no impact to Greenspace 
Management Strategy. 
 
 
 
 
The classification used is based on the ELC 
system (Lee et al 1998).  Cultural features such as 
meadows, successional thickets, plantations and 
woodlands also have natural functions (and 
constraints) despite their origin. Constraints may 
be related to slope, moisture and canopy 
characteristics. 
 
 
 
 

Section B 8 3.2.4 notes existing impacts including 
aggregate extraction. Further site specific analysis 
of impacts is not within the scope of the study. 
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MGWA PEIL / Dougan Comments 

 

 
 
 
 
 
 
 
 
 
 
 
 
North arrow added. 
 
 
 
 
 
Printing of large maps on different plotters and/or 
media may result in scale distortion; therefore a 
bar scale has been added to Maps 02 and 03. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Naylor has indicated that the boreholes are 
approximate and were only used for general 
clarification of groundwater and soil characteristics.  
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MGWA PEIL / Dougan Comments 
 
 
 
 
 
 
Buffers are intended to apply to all features 
recommended to be protected within the natural 
heritage system, which may include upland 
habitats, wetlands, and some units with a cultural 
history which support important functions or 
constraints in the context of the recommended 
NHS.  
 
The City has been provided with a summary of 
current science supporting a minimum 30 m buffer 
for the protection of natural systems and functions. 

 
 
The HWSS has considered social and economic 
factors in determining the preferred management 
plan for the subwatershed areas.  Our review was 
from a city-wide perspective and did not evaluate 
individual landowners.  However, the HWSS is to 
be used for further consideration of economic and 
social factors during the secondary planning 
process where further consideration is typically 
given to such factors. 
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Response to City of Cambridge letter dated August 27, 2004. 
Updated floodline calculations and related text, 
prepared by PEIL 
 

Updated Table B 3.21 Regional Flood Elevations, Table B 
3.3.1 Hydraulic Summary of Hespeler West Structures 
and updated Appendix E. 

An expanded list of changes between the March and 
November 2003 reports based on an e-mail prepared 
by April Souwand dated November 18, 2003. 
 

See Appendix K. 

A review and response to the MGWA Errata attached 
to this letter. 
 

See Appendix K. 

Information on the ortho-imagery preparation and 
accuracy of scale provided by the Region. 
 

1/2m Contours are based on the Digital Elevation Model 
created in the summer of 2000 using visual stereoscopic 
equipment.  Individual points were created on a 12m-grid 
pattern as well as at 1m intervals along breaklines.  The 
contours were generated by Northway-Photomap in 2001 
and are uncorrected. 
 
The DEM was collected photogrammetrically during the 
spring of 2000 - 1:8000, and 1:15,000 scale black and 
white aerial photography.  In most cases the 1:8000 scale 
aerial photography was used to collect the urban area 
information.  The point placement was collected at 2 mm 
at plate scale and breakline information collected at 2-3 
times this density for breakline features where required to 
support the ortho-photo image. 
 
In summary, mapping has been prepared at a scale that 
is reasonably accurate for the purposes of this study.  
Technology allows users to enlarge or reduce information 
to scales where accuracy is no longer reasonable.  As a 
result, the mapping, as with similar studies, provides 
direction to future work programs where field-level data 
collection can occur for site-specific applications. 
 

Other editorial changes approximately 7 discussed at 
the meeting. 
 

– Table B 1.5.7 and Table B 1.5.8, update heading to 
read: Infiltration (% of total rainfall). 

– Delete reference to C 1.2.2 on page C-7. 
– Page C-19, item #2 should read quantity not quality. 
– Page C-38, should read:  “wetland or upland forest” 

not “wetland of upland forest”. 
– Page D-2, Greenspace Management Strategy table, 

should read “High” not “High & Medium”. 
– Page D-4, should read “Maple Grove Provincially 

Significant Wetland Complex” not “Maple Grove 
Road Provincially Significant Wetland”. 

– Page D-10, should read “High Constraint Areas” not 
“High and Medium Constraint Areas”. 
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1.0 INTRODUCTION 

This technical appendix provides more in-depth discussion about the approaches and procedures used in 
the hydrologic modelling activities conducted in support of the Hespeler West Subwatersheds Study.  

Section 2 of this appendix documents the procedures used to develop the hydrologic model.  This 
includes model set-up and model validation.  Section 3 outlines the model application for impact analysis.  
In this section the future scenarios are discussed as well as flood flow estimates, water balance 
assessment, flow duration curves, and stormwater management volumes. 

We are confident that the results reported here and in the main study report are informative and useful to 
the process of developing appropriate subwatershed management strategies for the Hespeler West 
subwatersheds. It should be recognized, however, that much of the work was not carried out at the level 
of detail of research studies; the results should therefore be interpreted with this in mind, and considered 
more valuable as indicators of direction and priorities than absolute predictions  
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2.0 WATERSHED MODELLING 

2.1 Overview of Modelling Procedures 

The specific tasks related to the hydrology component were as follows: 

1. Develop a hydrologic model of the Hespeler West subwatersheds based on information 
supplied by the Grand River Conservation Authority (GRCA), the City of Cambridge, the 
Speed and Eramosa Floodline Study, field reconnaissance, and existing mapped information 
to determine the stream flow in East, Middle and West Creeks resulting from observed 
sequences of meteorological inputs for existing and proposed conditions. 

2. Validate the existing conditions hydrologic model using available streamflow measurements 
for East, Middle and West creeks. 

3. Compute the 2, 5, 10, 25, 20 and 100 year return period flood flows using the appropriate 
design storm pattern for selected locations in each subwatershed, as well as the peak flows 
resulting from the application of the Regional Storm for existing and proposed conditions in 
each subwatershed. 

4. Generate the 2, 5, 10, 50 and 100 year return period flows for selected locations in the 
watershed based on 'continuous ' simulation using meteorological dataset of at least 30 years 
or more for existing conditions in each subwatershed. 

5. Perform water budget analyses for selected location in the study area in response to existing 
and proposed watershed conditions. 

6. Determine stormwater management targets in terms of detention storage requirements. 

2.2  Model Set-up 

The analysis of existing hydrologic conditions in the Hespeler West subwatersheds was handled using 
the GAWSER (Guelph All-Weather Sequential-Events Runoff) model, a deterministic watershed model 
based on the HYMO format. It has been applied widely in Ontario for planning, design, real-time flood 
forecasting, and evaluating the effects of physical changes in the drainage basin  (Schroeter & 
Associates, 1996). GAWSER was recently applied to the Speed River watershed and to the Grand River 
watershed. The Hespeler West subwatersheds are located within the Speed River watershed so the 
procedures to set-up, calibrate and verify the model for hydrologic analyses developed in that study were 
applied directly in the present study. These procedures are fully documented in the report for the Speed 
and Eramosa Rivers Floodline Mapping Study (Ecologistics, 1988).   

2.2.1  Delineation of Subcatchment Boundaries 

As shown in Figure B 2.3.1 of the main report, the study area was divided into the three primary 
constituent subwatersheds.  The East, Middle and West Creek areas were further subdivided into 16, 29 
and 20 subcatchment elements respectively, for hydrologic modelling purposes. These subcatchments 
were chosen to have stream crossings at all flow monitoring stations, to provide sufficient distributed flow 
inputs to the floodplain mapping (backwater curve) calculations, and to reflect the spatial variations in soil 
type, as well as present and future land use. Other subcatchments were delineated to improve modelling 
results, according to large changes in longitudindal slope of major tributary streams within the 
subwatershed, have subcatchment shapes such that a single overland flow path length is representative, 
and according to the degree of imperviousness (e.g. can the subcatchment be classed rural or urban?).  

The subcatchment boundaries were digitized into digital mapping of the study area using AutoCAD.  
Stream lengths, channel slopes and valley cross-sections were directly measured in AutoCAD, while 
subcatchment areas were determined by importing the digitized boundaries into the ArcView GIS 
software package. 
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The drainage areas associated with East, Middle and West Creeks are 160, 585 and 151 ha respectively, 
for a total area of 896 ha.  The mean subcatchment sizes for East, Middle and West Creeks are 10, 21 
and 8 hectares respectively.  The total study area is 990 ha in size, which includes two areas adjacent to 
the Speed River that do not drain via any of the major creeks.  The areas have been named “S1” (28 ha) 
and “S2” (66 ha) but are not included in the modelling analysis and results.   

2.2.2 Impervious Areas 

Impervious areas in GAWSER are treated as separated response units in the runoff generation 
calculations.  For rural subcatchments, these impervious areas include roads and adjoining shoulders, 
lanes, ditches and stream channels.  The total impervious area for rural subcatchments was determined 
by measuring the length of the roads and streams from topographic maps, and multiplying by a 
representative width.  In previous applications of GAWSER in southern Ontario, the imperviousness of 
rural watersheds usually represents about 1.5 to 3% of the area (see Schroeter and Associates, 1996).  
The values used in this study are comparable. 

For subcatchments containing reservoirs or lakes, with surface area greater than 3% of the drainage 
area, the impervious total includes the surface area of the reservoir (or lake) under normal operating 
conditions. 

For urbanized or partly urbanized subcatchments (e.g., 1145, 3130), the impervious area was estimated 
from the available mapping and aerial photography for the area, as well as calculations for roads and 
stream channels as described above for rural area, when necessary.  

2.2.3  Soil and Land Cover Characteristics 

To account for the wide variation in runoff generation response attributed to the different land cover 
features and soil types (e.g., source areas), the subcatchment elements were further subdivided into nine 
'hydrologic response units' (HRUs); one impervious and eight pervious. Because the Hespeler West 
subwatersheds are situated in the lower portion of the Speed River watershed within the Grand River 
Basin, the response unit definitions employed in the overall Grand River model were adopted here (See 
Schroeter et al., 2000a).  

These HRUs are defined in Table 2.2.1. 

 

Table 2.2.1 Hydrologic Response Unit Definitions 
Response Unit Description 
1 Impervious (includes some bedrock areas) 
2 Open Water 
3 Clay Till with low vegetative cover 
4 Clay Till with high vegetative cover (Forests) 
5 Silt Till with low vegetative cover 
6 Silt Till with high vegetative cover 
7 Sandy Till with high vegetative cover (Forests) 
8 Sand and Gravel with low vegetative cover 
9 Sand and Gravel with high vegetative cover (Forests) 

 

Open areas have low vegetal growth, like pastures, cropped fields, fallow and grasses. They are grouped 
together because they change from year-to-year. 'Low vegetative cover' is a more stable term for long-
term modelling. The open water response unit (2) permitted a reasonable accounting of the evaporation 
from these areas using the ROUTE SPECIAL POND routine. 
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Soil type areas were measured from the quaternary geology maps for the area, the same information 
used in the hydrogeologic component of the study.  Using ArcView, land cover and soil type maps were 
overlaid on the subcatchment boundary map, from which the area contributing to each response unit 
group within a subcatchment could be calculated. 

The classification scheme for response units outlined here has been utilized in several recent hydrology 
studies (e.g., 16&18, 1999, Schroeter and Boyd, 1998; Schroeter & Associates, 1998; CH2M-Hill, 1996). 

2.2.4 Response Unit Drainage Characteristics 

Each pervious zone or response unit in GAWSER is considered as two soil layers (see Figure 2.2.1a). 
The top or first layer has specified thicknesses up to 300 mm (in the soils examined to date), which 
typically corresponds to the 'A' horizon (e.g., Chapman and Putman, 1984).  The thickness of the second 
layer is usually set in the range of 250 to 1250 mm, depending on whether the response unit contributes 
to subsurface flow or groundwater storage.  The second layer generally corresponds to the 'B' horizon. 

Rainfall (or snowmelt) falling on a response unit is separated into overland runoff and infiltrated 
components (See Figure 2.2.1b). The term infiltration is used here to describe the rate of water 
movement downward through the soil surface.  Seepage indicates the water movement downward from 
the bottom of the first soil layer into the second layer, whereas percolation refers to the downward 
movement out of the bottom of the second layer of a response unit.  Percolated water appears as 
subsurface flow (e.g., tile drainage) in response units assumed to contribute to this storm flow 
component, or to groundwater storage in all other response units.  The rate of water movement into each 
soil layer (either from rainfall, snowmelt, or soil-water) depends on the drainage characteristics of each 
soil layer.  The selection of drainage characteristics (parameters) is fully explained below. 

Previously published values were employed wherever possible as first estimates for most parameters. 
Generally, parameter values were selected from a review of values given in the GAWSER Training Guide 
and Reference Manual (see Lessons 4, 7 and 8) and Watt et al. (1989, chapter 8) for like soil groups and 
land cover types.  Where published values do not exist, starting values were assumed based on field 
observations and experience.  Table 2.2.2 gives the response unit drainage parameters applied in the 
Forbes Creek watershed.  As noted earlier, these values were taken directly from the lower Speed River 
portion of the overall Grand River hydrology model (see Schroeter et al., 2000a). 

Initially, some parameters (e.g., saturated soil-water content, field capacity soil-water content) were 
believed to have different values for each soil layer within a response unit type.  GAWSER has been 
structured to allow independent specification of such parameters for each response unit and soil layer, 
but as first estimates (except when obvious differences are identified, e.g., hydraulic conductivity for clay 
over sandy soils), the same parameter values are used for all layers in a given response unit. 

Soil Layer Thickness, HI and HII (mm): Generally, the first soil layer is set at 200 mm for well-drained 
soils, and 100 mm for poorly drained soils.  The second soil layer is generally set at 600 mm for response 
units that contribute to subsurface flow and 1000 mm for those that contribute to groundwater storage. 
The soil layer thicknesses listed in Table 2.2.2 were selected based on information given on the 
quaternary geology maps, soil type maps, soils reports and previous experience. 

Maximum depth of interception storage, INC (mm): This represents the depth of water intercepted and 
held on the surface of vegetative growth (e.g., leaves) after rainfall, and gradually depleted by 
evaporation only.  It depends on the type of vegetative surfaces, with forest cover having the largest 
values.  Typical values were determined by Schroeter and Boyd (1998). 

Maximum depth of depression storage, DS (mm):  This parameter represents the maximum depth that 
water can pond temporarily on the surface of a response unit, and is gradually depleted by evaporation or 
infiltration.  It depends on surface topography (e.g., potholes, slope) and vegetative cover. (Note, these 
depressions do not include the large ones that occur in hummocky topography.)  For example, a relatively 
smooth surface (no potholes) on grade so that water does not remain ponded after a heavy rainfall would 
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have a depressional storage value of 1 to 5 mm. The values selected were taken from a review of Table 
8.1 in The Hydrology of Floods in Canada (Watt et al., 1989). 
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Figure 2.2.1a  Two-layer soil concept for runoff generation model 

 

 

Figure 2.2.1b  Flow chart of  runoff  generation procedures in GAWSER 

) 
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Table 2.2.2  Hydrologic response unit drainage characteristics 

Symbol Description Units Imp Open 
Water 

Clay 
Till 

Low 
Veg 

Clay 
Till 

High 
Veg 

Silt 
Till 

Low 
Veg 

Silt 
Till 

High 
Veg 

Sand
Till 

High 
Veg 

Sand 
Gravel 

Low 
Veg 

Sand 
Gravel
High 
Veg 

 Response Unit Number -   1 2 3 4 5 6 7 8 9 
DS Maximum depth of depression storage (mm) 2 0 5 15 5 15 15 5 15 
KEFF Effective Hydraulic Conductivity  (mm/h) 0 0 1.8 6.4 5.0 15.0 40 15 75 
CS Maximum Seepage Rate  (mm/h) 0 0 1.4 4.8 3.8 11.2 30 11.2 56 
D Maximum Percolation Rate  (mm/h) 0 0 0.2 0.6 0.5 1.5 4 1.5 7.5 
SAV Average Suction at the Wetting Front (mm) 0 200 200 200 200 200 200 250 250 
X Groundwater Contribution Indicator: 1=SS, 

0=GW 
 0 1 1 0 1 0 0 0 0 

FATR Groundwater Fraction (Not used, set = 1)  1 1 1 1 1 1 1 1 1 
INC Maximum depth of interception Storage (mm) 0 0 1 5 1 5 5 1 5 
            
 First Soil Layer           
HI Soil layer thickness (mm) 0 0.01 100 100 100 200 200 200 200 
SMCI Saturated soil-water content (porosity) (vol/vol) 0 0.56 0.56 0.56 0.54 0.54 0.46 0.40 0.40 
IMCI Initial soil-water content (vol/vol) 0 0.46 0.46 0.46 0.40 0.40 0.23 0.10 0.10 
FCAPI Field capacity soil-water content (vol/vol) 0 0.46 0.46 0.46 0.40 0.40 0.23 0.10 0.10 
WILTI Wilting point soil-water content (vol/vol) 0 0.27 0.27 0.27 0.19 0.19 0.07 0.04 0.04 
            
 Second Soil Layer           
HII Soil layer thickness (mm) 0 0.01 250 250 250 400 600 400 600 
SMCII Saturated soil-water content (porosity) (vol/vol) 0 0.56 0.56 0.56 0.54 0.54 0.46 0.40 0.40 
IMCII Initial soil-water content (vol/vol) 0 0.46 0.46 0.46 0.40 0.40 0.23 0.10 0.10 
FCAPII Field capacity soil-water content (vol/vol) 0 0.46 0.46 0.46 0.40 0.40 0.23 0.10 0.10 
WILTII Wilting point soil-water content (vol/vol) 0 0.27 0.27 0.27 0.19 0.19 0.07 0.04 0.04 
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Effective hydraulic conductivity, KEFF (mm/h) at the soil surface: In some publications, this parameter is 
referred to as the 'net infiltration capacity' of a soil or the ‘final infiltration rate’, and is a function of soil type 
and vegetative cover.  In Table 8.4 of Watt et al. (1989), KEFF=1.3 mm/h for a fine textured clay with bare 
ground cover.  This table suggests KEFF for the same soil with "good pasture" cover is 5.0 mm/h, and 6.4 
mm/h with forest cover.  

Maximum seepage rate, CS (mm/h) and maximum percolation rate, D (mm/h): These control soil-water 
movement out of the first and second soil layers. They are a function of the soil hydraulic conductivity in 
each layer, which generally decreases with depth in the unsaturated zone (area above water table).  This 
happens because the macro pores (caused by roots, worm holes, cracks, and bugs) are larger near the 
surface, yielding higher hydraulic conductivity.  With depth, the macro pores decrease, and so the 
conductivity is reduced.  

Because there is no detailed information about the hydraulic conductivity of the soils in each response 
unit just a few metres from the surface, these parameters are estimated from the KEFF values. In past 
applications of GAWSER (see Ecologistics, 1988; Schroeter & Associates, 1992b), the percolation rate 
(D) was estimated as half of KEFF, with CS being set at some value between D and KEFF, or 
CS=0.5*(KEFF+D). Recent applications of GAWSER on the Oakridge Moraine (CPM, 1996), suggested 
percolation rates (D) should be set much less than KEFF/2, more like KEFF/10 or KEFF/20.  In this study, 
CS=0.75*KEFF.  

Average suction at the wetting front, SAV (mm): This is a parameter in the Green and Ampt infiltration 
formula (see Eq. [A.18], GAWSER Training Guide). It can be estimated from soil-water characteristic 
curves, a plot of volumetric water content versus pressure head, which can be measured in a laboratory 
using soil samples taken in the field. In the absence of detailed information, previously published 
estimates of SAV will suffice. Mein and Larsen (1973) and Skaggs (1982) give representative values of 
SAV for several different soil types. The values selected in Table 2.2.2 were taken from a review of these 
documents. 

Soil-water contents; saturated, SMC; field capacity, FCAP; and Wilting point, WILT: They are important 
for defining the amount of water stored in each soil layer of a response unit. Each variable is defined 
separately below. 

The saturated soil-water content, SMC (vol/vol) is the condition of the soil when all the void  space is filled 
with water and no storage is available. Any infiltration into a saturated top soil layer must equal the 
seepage, the rate at which soil-water leaves the bottom of the first soil layer. Any seepage to a saturated 
second layer must equal the percolation rate to subsurface or groundwater storage. Generally, the 
saturated soil-water content is estimated by the porosity of the soil. 

The field capacity soil-water content, FCAP (vol/vol) is the condition whereby  the soil void space contains 
the maximum residual water that can be held by capillary forces after gravity drainage. When a soil-water 
characteristics curve is available, FCAP is estimated at a pressure head of 0.33 bar. 

The wilting point soil-water content, WILT (vol/vol) is the amount of water contained in the void spaces 
that cannot be removed by evaporation, and is held by capillary forces. WILT is estimated from soil-water 
characteristic curves, and defined at 15 bar pressure. 

Typical values of SMC, FCAP and WILT for various soil types are listed in Table 8.2 of Watt et al. (1989). 
The values selected here were taken directly from this source. 

Although it is possible in GAWSER to specify separate values of SMC, FCAP and WILT for each soil 
layer, they were set equal as first estimates. This means, for instance, that the SMC used for layer 1 (e.g., 
SMCI) was also used for layer 2 (SMCII). 

Initial soil-water content, IMC (vol/vol): This variable specifies how much soil-water is present in a soil 
layer at the start of the simulation. In most GAWSER applications to date, IMC is set equal to FCAP for 
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that layer. Actual values of IMC used in the calculations are set by applying an adjustment factor (in this 
case FIMCI or FIMCII), as an aid to calibration that is discussed in later in this report. 

Selected values for the response unit drainage characteristics are summarized in Table 2.2.2 They 
represent the mid-summer (around July 30th) values. 

2.2.5  Subcatchment Characteristics 

Most natural watersheds contain numerous side or off-channels which collect runoff water that feeds a 
main stream channel. Consequently, for subcatchment runoff hydrograph calculations, representative 
cross-sections must be specified for the main and off channels. GAWSER uses these sections, the 
subcatchment drainage area, main and off-channel slopes, and a representative length (L) and width (W), 
to determine the overland routing parameters required in the area/time versus time method (e.g., main 
channel travel time, TMC, off-channel travel time, TOC and the linear reservoir lag, KO). To compute 
TMC and TOC, reference flows are specified (QRMC, QROC), which typically correspond to bankfull 
conditions in the representative main and off-channel cross-sections. 

Subcatchment areas (A), lengths (L), and main channel slopes were measured from the available 
topographical maps (1:50,000). 

For headwater subcatchments (e.g., 1101, 2101 and 3103) the length was found by extending the main 
channel back to the drainage boundary (see Lesson 7 in GAWSER Training Guide). The subcatchment 
width (W) was then computed as 

[2.2.5.1]     W = A/L 

For lateral inflow subcatchments (e.g. 1110, 2130 and 3105) (see Lesson 7 of GAWSER Training Guide 
for explanation), the length was found using 

[2.2.5.2]     L = A/LC 

where LC is the length of the channel routing reach that traverses the lateral inflow subcatchment. Next, 
the subcatchment width was taken as half of LC. 

For urban subcatchments with an imperviousness greater than 10%, the length and width are set at 450 
and 50 m, respectively, to represent the runoff timing for typical inlet hydrographs in monitored urban 
catchments (see Schroeter and Watt, 1989). 

In GAWSER, the overland flow linear reservoir lag (KO) is specified as a function of the base time (TB) of 
the area/time versus time curve, or 

[2.2.5.3]     KO = FTB * TB 

where TB=TMC+TOC, and FTB is the overland flow basetime factor. In previous applications of 
GAWSER, FTB has been set at 2. However, for swampy or hummocky topography dominated 
subcatchments, FTB is set between 3 and 5. For urban subcatchments (e.g. 125), with an 
imperviousness greater than 10%, we set FTB=1.2. 

Outflows from subsurface and groundwater storage are modelled in GAWSER using a linear reservoir 
procedure, which requires two recession constants to be specified; KGW for discharge from groundwater 
storage and KSS for subsurface flow. These constants are estimated from observed hydrograph data or 
hydrogeologic studies, when available. Nevertheless, previous values were deemed to be acceptable 
here, and so KSS=5 h, and KGW=384 h (see GAWSER Training Guide, Lesson 5 and 7).  

In GAWSER, the total outflow (runoff plus baseflow) from a subcatchment is assumed to contribute to 
streamflow at its outlet. However, sometimes it is necessary to have part of the baseflow leave the 
subcatchment entirely, and contribute to the regional groundwater flow system. To do this, a groundwater 
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flow factor (or GWFACT) has been introduced in GAWSER. When GWFACT=1.0, all the baseflow leaves 
the subcatchment. Setting GWFACT=0 (default value) causes all baseflow to appear in the subcatchment 
outflow. 

In this study, a new feature in GAWSER was utilized to direct baseflow into the regional groundwater flow 
system, and allow it to reappear in downstream locations. This procedure is outlined in Section 2.2.8. 

The subcatchment characteristics for existing conditions, particularly the drainage area, length, width, 
response unit percentages and the overland flow lag factor, FTB, are listed in Tables 2.2.3, 2.2.4 and 
2.2.5. 

2.2.6  Stream channel data 

Stream channel data are necessary inputs to both the overland flow (runoff) and channel routing 
calculations in GAWSER. Consequently, representative cross-sections are required inputs to routing 
procedures, where the parameters are computed directly by the program using the channel length, bed 
slope and a characteristic rating curve for the section. 

Numerous cross-sections were surveyed on East, Middle and West Creeks for use in the fluvial 
geomorphology component of the study. Representative cross-sections from these measurements were 
chosen from these and scaled to an appropriate drainage area (if necessary) for each channel reach in 
the GAWSER model. Channel roughness coefficients (Manning’s n) were initially selected from typical 
values given in hydraulics text (e.g., Chow, 1959), but later determined as part of the hydraulic and 
geomorphologic analyses. Slopes and channel lengths were measured directly from the digital AutoCAD 
mapping. 

Typical off-channel sections were developed for rural (e.g. 1105, 2110 and 3105) and urban 
subcatchments (e.g. 1145, 2145 and 3130) in previous GAWSER applications (see Schroeter and Boyd, 
1998), and were used directly here. For urban subcatchments, hypothetical cross-sections were created 
to force the model to compute the overland flow timing from impervious surfaces as  ‘sheet flow’. These 
hypothetical cross-sections were given a width of 100 m, a slope of 1%, and a Manning’s roughness of 
0.013. The reference flow rates were set at 0.25 m3/s for main channels, and 0.15 m3/s for off-channels. 

2.2.7  Treatment of detention ponds, marshes and depressions 

Distinct hydraulic storage features within the Hespeler West watersheds were isolated, and considered as 
diversion of flow, or reservoir (pond) elements.   For the model, 3 natural depressions (ponds 1505, 2504 
and 3503) and 6 wetlands (ponds with some recharge capability) were considered (ponds 1502, 1503, 
1510, 2502, 2520 and 3504).  6 man-made ponds have also been included, including 4 industrial 
stormwater management facilities (ponds 2505, 3501, 3502 and 3505) and 2 landscaped ponds (ponds 
2501 and 2515).  

In GAWSER, storage-outflow information for reservoirs (also ponds, lakes, and depressions) can be 
entered as tables computed by other means (e.g., HEC 2), standard equations representing flow through 
different parts of the control structure, and storage in the reservoir as a function of water level, or a 
combination of tables (e.g., elevation-storage-surface area) and discharge equations. These procedures 
are described fully in Lesson 6 of the GAWSER Training Guide and Reference Manual (Schroeter & 
Associates, 1996).  

Elevation/surface area/storage information and outlet characteristics for the natural depressions, wetlands 
and landscaped ponds were measured directly from the digital topographic mapping for the area. 
Elevation-outflow tables for natural depressions and wetlands were developed from weir discharge 
calculations based on the outlet characteristics.  Elevation/surface area/storage information for industrial 
SWM ponds was taken from stormwater management reports and design drawings detailing these 
facilities. 
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Table 2.2.3 Subcatchment characteristics for existing conditions – East Creek 

SubCatch 
No. 

Area 
(ha) 

Length 
(m) 

Width 
(m) 

Imp 
% 

RU 1 

Open 
Water 

% 
RU 2 

Clay 
Till 

Low 
Veg 
% 

RU 3 

Clay 
Till 

High 
Veg 
% 

RU 4 

Silt 
Till 

Low 
Veg 
% 

RU 5 

Silt 
Till 

High 
Veg. 

% 
RU 6 

Sand 
Till 

High 
Veg 
% 

RU 7 

Sand 
Gravel

Low 
Veg 
% 

RU 8 

Sand 
Gravel
High 
Veg. 

% 
RU 9 

FTB 

1101 6.4 200 318 4.3 16.6 0 0 0 0 0 77.4 1.6 3 
1103 16.6 350 238 8.8 0.1 0 0 0 0 0 90.3 0.9 2 
1105 8.0 160 249 2.5 71.4 0 0 0 0 0 10.3 15.8 3 
1110 7.5 300 125 3.7 0 0 0 0 0 0 96.3 0 2 
1115 11.8 230 256 1.5 0 0 0 0 0 0 97.8 0.7 2 
1117 19.0 410 231 1.7 0 0 0 0 0 0 97.4 0.9 2 
1120 16.1 190 425 0 62.7 0 0 0 0 0 1.3 36 3 
1125 6.7 211 159 0 0 0 0 33.3 0 0 36.9 29.8 2 
1130 10.3 480 216 0 0.1 0 0 0 0 0 95.7 4.2 2 
1135 12.4 450 50 10.9 0 0 0 83 1.4 0 4.6 0 1.2 
1140 13.3 450 50 21.3 0 0 0 1.2 0 0 66.3 11.2 1.2 
1142 5.2 110 237 0 64.8 0 0 0.5 5.8 0 6.3 22.6 3 
1145 11.8 450 50 28.4 0 0.6 0 59.9 2.6 0 8.5 0 1.2 
1150 12.0 600 100 4.8 1.7 11.6 0 46.7 1.9 0 30.8 3 2 
1155 2.7 450 50 11.5 8.7 43.2 0 33.3 0 0 3.4 0 1.2 
1160 1.1 20 269 6.5 7.6 70.9 1.6 6.2 7.2 0 0 0 2 
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Table 2.2.4 Subcatchment characteristics for existing conditions – Middle Creek 

Sub Catch 
No. 

Area 
(ha) 

Length 
(m) 

Width 
(m) 

Imp 
% 

RU 1 

Open 
Water 

% 
RU 2 

Clay 
Till 

Low 
Veg 
% 

RU 3 

Clay 
Till 

High 
Veg 
% 

RU 4 

Silt 
Till 

Low 
Veg 
% 

RU 5 

Silt 
Till 

High 
Veg. 

% 
RU 6 

Sand 
Till 

High 
Veg 
% 

RU 7 

Sand 
Gravel
Low 
Veg 
% 

RU 8 

Sand 
Gravel
High 
Veg. 

% 
RU 9 

FTB 

2101 11.7 300 391 2.1 0.2 0 0 16.5 0 0 81.1 0 2 
2105 7.1 130 273 4.9 48.1 0 0 0 0 0 30.4 16.6 3 
2110 25.2 950 265 0.5 7.1 0 0 37.8 0 0 52.8 1.8 2 
2115 38.5 900 428 4.6 26.4 0 0 0 0 0 61.2 8.1 3 
2120 21.9 450 50 11.7 0 0 0 61.4 1.1 0 25.9 0 1.2 
2125 51.0 850 600 7.2 22.9 0 0 59.9 9.9 0 0 0 3 
2130 23.3 500 233 5.7 0 0 0 17.4 2.4 0 73.1 1.3 2 
2135 20.3 560 182 6.4 0 0 0 0 0 0 92.6 0.9 2 
2136 7.8 210 185 1 0 0 0 0 0 0 98.9 0.1 2 
2137 16.2 430 188 0.3 65.8 0 0 0 0 0 21.9 12.5 3 
2138 5.5 180 152 3.2 0 0 0 0 0 0 92.7 4.1 2 
2139 4.0 160 125 5.6 14.5 0 0 0 0 0 76.5 3.5 3 
2140 5.8 470 123 0 0 0 0 0 0 0 100 0 2 
2141 27.7 760 364 3.9 0 0 0 0 0 0 94.3 1.7 2 
2142 16.4 390 211 0 51.5 0 0 0 0 0 21.9 27.1 3 
2143 27.8 600 464 4.4 4.9 0 0 0 0 0 85.6 5.2 2 
2145 65.7 450 50 90 0 0 0 7.2 0 0 2.7 0 1.2 
2150 27.0 470 287 2.2 7.4 0 0 11.4 1.6 0 71.5 5.8 2 
2155 28.4 690 206 6.2 0 0 0 56.9 0.5 0 32.8 3.7 2 
2160 22.1 370 298 3.2 21.9 0 0 4.4 0 0 54.9 15.8 3 
2165 7.8 170 230 2.4 0 0 0 71 24.4 0 2.2 0 2 
2170 28.2 380 371 1.2 0 0 0 28.2 12.6 0 48.5 9.5 2 
2172 11.8 330 179 4.6 0 0 0 92.6 2.8 0 0 0 2 
2173 12.8 450 50 12.5 0 1.4 0 40.5 14.9 0 29.1 1.5 1.2 
2175 10.6 450 50 12.7 0 0.1 0 70.9 16.3 0 0 0 1.2 
2180 6.8 180 188 5.2 1.1 78.1 0 13.5 2.1 0 0 0 2 
2182 20.6 240 430 4.7 14.9 0 0 0 0 0 62.6 17.7 3 
2185 22.5 610 184 9.5 10.2 16.3 0.9 21.3 12.6 0 26.2 3 3 
2190 11.5 725 159 0.7 47 46.7 5.9 0 0 0 0 0 3 
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Table 2.2.5 Subcatchment characteristics for existing conditions – West  Creek 

Sub 
Catch 

No. 
Area 
(ha) 

Length 
(m) 

Width 
(m) 

Imp 
% 

RU 1 

Open 
Water 

% 
RU 2 

Clay 
Till 

Low 
Veg 
% 

RU 3 

Clay 
Till 

High 
Veg 
% 

RU 4 

Silt 
Till 

Low 
Veg 
% 

RU 5 

Silt 
Till 

High 
Veg. 

% 
RU 6 

Sand 
Till 

High 
Veg 
% 

RU 7 

Sand 
Gravel
Low 
Veg 
% 

RU 8 

Sand 
Gravel
High 
Veg. 

% 
RU 9 

FTB 

3101 15.1 450 50 90 0 0 0 9.9 0.1 0 0.1 0 1.2 
3102 19.1 450 50 81.5 0 0 0 18.2 0.1 0 0.1 0 1.2 
3103 4.8 390 123 0 0 0 0 0 0 0 100 0 2 
3104 21.2 280 378 0.6 0 0 0 75.1 8.9 0 14.9 0.1 2 
3105 7.9 230 171 2.5 54.4 0 0 1.5 23.4 0 3 15.1 3 
3110 4.8 210 115 2.1 0 0 0 0 0 0 92.1 5.8 2 
3115 2.4 190 64 0 36.8 0 0 0 0 0 58.6 4.6 3 
3120 4.0 190 105 3.1 0 0 0 11.7 0 0 85.2 0 2 
3125 5.5 210 131 2.5 0 0 0 0 0 0 96.7 0.8 2 
3127 3.7 50 365 0 59.8 0 0 0 0 0 1.6 38.6 3 
3130 11.4 450 50 90 0 0 0 0.2 0 0 9.7 0.1 1.2 
3135 11.7 310 189 9.6 0 0 0 0 0 0 82.3 8.1 2 
3140 5.0 90 276 3.3 52.1 0 0 0 0 0 13.3 31.2 3 
3145 2.4 450 50 21.6 0 0 0 0 0 0 67 11.4 1.2 
3150 7.0 230 151 7.2 0 0 0 0 0 0 92.8 0 2 
3155 5.2 140 184 2.4 0 0 0 53.3 22.1 0 18.3 4.1 2 
3160 10.8 500 216 9.6 0 20.4 1.5 59.8 2.4 0 6.3 0 2 
3165 2.2 450 50 99.7 0 0.1 0 0 0 0 0.2 0 1.2 
3170 1.4 450 50 12.2 0 40.6 0 9.1 0 0 38.1 0 1.2 
3175 6.1 450 50 12.8 0.1 35.8 0 38.8 2.2 0 10.3 0 1.2 
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2.2.8  Treatment of Special Groundwater Seepage and Discharge 

Each subcatchment element in GAWSER is considered to be a total self-contained hydrologic unit. This means that all the 
precipitation falling on a given subcatchment is accounted for in the computations. Infiltrated water returns as baseflow, so 
the total outflow becomes the sum of computed runoff, subsurface and baseflow components. Although this is an 
idealized situation that facilitates hydrograph calculations, it is not always true in nature; infiltrated water may reappear as 
baseflow at some other point downstream in the watershed, or flow to another watercourse entirely. The GWFACT factor, 
noted earlier, accounts for deeper groundwater contributions, but these amounts are completely lost from further 
computations. In the Torrance Creek Subwatershed Study (TSH, 1998), GAWSER was modified so that infiltrated water in 
the normal runoff computations (which includes recharge from detention ponds)  or seeping from channel reaches during 
low flow periods could be re-directed to a ‘groundwater storage array’ in program memory. At some other point 
downstream in the drainage network, water can be released from this storage array.   

To help explain how this feature works in GAWSER,  two model schematic diagrams are presented in Figure 2.2.2. The 
first diagram (Figure 2.2.2a) gives a schematic representation of a typical watershed model. Here, the total outflow from 
each subcatchment (including surface runoff and baseflow)  is routed through the drainage network. In the second 
diagram (Figure 2.2.2b), the original model (Figure 2.2.2a) is modified to direct some outflows from the two headwater 
subcatchments (101 and 102) to the ‘groundwater storage array’ (denoted by the large rectangular box). The diamond 
symbols signify a diversion to groundwater storage. Downstream, where the outflows from subcatchment 104 are added 
to the main channel flows at node 204, some water from ‘groundwater storage’ is released and added to the total outflow 
of  the entire watershed. A diamond coupled with a valve (the circle with an X) are symbols used to indicate where some 
of the groundwater storage is released to the main stream. To facilitate these procedures, two new commands have been 
introduced in the GAWSER program:  DIVERT  FLOWS TO GW,  and   REMOVE FLOW FROM GW.  

Each command has options to enter a specified discharge or a percentage of the total inflow at a node to signal how 
much water is diverted in either direction to the groundwater storage array. For instance,  in a DIVERT FLOWS TO GW 
immediately downstream of a subcatchment outflow command (e.g. COMPUTE FLOWRATE), a flowrate of  0.050 m3/s 
might be specified. This means that all flows equal to or less than the stated  amount are directed to the groundwater 
storage array. Typically in a REMOVE FLOW FROM GW command, a percentage is given rather than a designated 
flowrate. For example, suppose a value of 30% is specified, then it means that 30% of the water in the groundwater 
storage array would be released at this point in the model.  

A major advantage of this approach for directing flows to a groundwater storage array is that if you have an existing 
GAWSER watershed model, you can introduce the new commands without changing your existing modelling logic (as 
represented by the schematic diagram). In Figure 2.2.2, notice how the original schematic has not changed, and only new 
commands (signified by diamond and value symbols) are introduced. 

The distribution of flow diversions to, and withdrawals from, groundwater storage were calibrated using spot flow 
measurements collected from available stream data. These computations are summarized in  

Table 2.2.4, and explained in the next paragraph. 
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Figure 2.2.2a   Schematic representation for a typical watershed model 

 

Figure 2.2.2b  Schematic representation with diversions to and withdrawals from groundwater storage 
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Column 4 in Tables 2.2.6, 2.2.7 and 2.2.8 illustrates the initial creek flow (baseflow) that results from area-prorating an 
observed value near the outlet of each subwatershed. The observed baseflows near the outlets of East, Middle and West 
Creeks are 23.5, 5.0 and 13.5 L/s respectively. Column 6 is the accumulative baseflow along the branches of the creeks 
(where applicable), with separate accounting for how they add into the main section of each creek. Column 7 gives the 
observed spot flow.  Column 3 gives the groundwater factor used in GAWSER. Setting column 3 to 1 indicates that all the 
baseflow leaves the subcatchment. A value of 0 in column 3 indicates all baseflow will appear in the subcatchment 
outflow.  Columns 9 and 10 are is the amount being diverted or removed from groundwater storage (to a separated 
hydrograph storage location in the model) by inserting a diversion at the outlet of the indicated subcatchment.   Column 11 
is the accumulated water diverted to groundwater storage.  

 

Table 2.2.6 Baseflow Distribution in East Creek 

        Groundwater Array 
Balance 

Catch Area 
(ha) 

GW 
FACT 

Flow 
(L/s) 

Actual 
Outflows 

(L/s) 

Main 
Stem 
(L/s)

Observed 
Discharge (L/s) Comment Inputs 

from GW 
Outputs 
to GW 

Regional 
GW Flow

Array 
(L/s) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
1101 6.36 1.00 0.95 0.00 0.00  Captured by Wetland   0.95 
1103 16.64 1.00 2.48 0.00 0.00  Captured by Wetland   3.43 
1105 7.97 1.00 1.19 0.00 0.00  Captured by Wetland   4.62 
1110 7.49 0.00 1.12 1.12 1.12     4.62 
1115 11.79 1.00 1.76 0.00 1.12  Captured by Wetland   6.38 
1117 18.96 0.00 2.83 2.83 3.95     6.38 
1120 16.14 0.00 2.41 2.41 6.36     6.38 
1125 6.71 1.00 1.00 1.00 7.36     6.38 
1130 10.35 0.00 1.54 0.00 7.36  Captured by Wetland   7.92 
1135 12.4 0.00 1.85 1.85 9.21     7.92 
1140 13.25 0.00 1.98 1.98 11.18     7.92 
1142 5.22 0.00 0.78 8.68 19.86   7.9  0.02 
1145 11.79 0.00 1.76 1.76 21.62 23.6 July 8, 2002   0.02 
1150 12.02 0.00 1.79 1.79 23.42     0.02 
1155 2.68 0.00 0.40 0.40 23.82     0.02 
1160 1.07 0.00 0.16 0.16 23.98 23.5 July 8, 2002   0.02 
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Table 2.2.7 Baseflow Distribution in Middle Creek 

        
Groundwater Array 

Balance 

Catch 
Area 
(ha) 

GW 
FACT 

Flow 
(L/s) 

Actual 
Outflows 

(L/s) 

Main 
Stem 
(L/s) 

Observed 
Discharge 

(L/s) Comment 

Inputs 
from 
GW 

Outputs 
to GW 

Regional 
GW Flow

Array 
(L/s) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
2101 1.72 1.00 0.10 0.00 0.00  Captured by Wetland   0.10 
2105 7.09 1.00 0.06 0.00 0.00  Captured by Wetland   0.16 
2110 25.21 0.50 0.21 0.10 0.10     0.26 
2115 38.53 0.50 0.32 0.16 0.26     0.42 
2120 21.87 0.00 0.18 0.18 0.44     0.42 
2125 50.96 0.50 0.42 0.21 0.65     0.63 
2130 32.32 0.00 0.19 0.19 0.85     0.63 
2135 20.35 0.00 0.17 0.18 1.02     0.63 
2136 7.77 0.00 0.06 0.06 1.08     0.63 
2137 16.17 1.00 0.13 0.00 1.08  Captured by Wetland   0.76 
2138 5.48 0.00 0.05 0.05 1.13     0.76 
2139 4.01 0.50 0.03 0.02 1.14     0.78 
2140 5.7 0.00 0.05 0.05 1.19     0.78 
2141 27.66 0.00 0.23 0.23 1.42     0.78 
2142 16.44 1.00 0.14 0.00 1.42  Captured by Wetland   0.92 
2143 27.84 0.50 0.23 0.12 1.53     1.03 
2145 65.66 0.00 0.70 0.70 2.23     1.03 
2150 27.02 0.50 0.22 0.11 2.34     1.14 
2155 28.42 0.00 0.23 0.23 2.58     1.14 
2160 22.06 0.50 0.18 0.09 2.67     1.23 
2165 7.82 0.00 0.06 0.06 2.74     1.23 
2170 28.22 0.00 0.23 0.23 2.97     1.23 
2172 11.83 0.00 0.10 0.10 3.07     1.23 
2173 12.78 0.00 0.11 0.11 3.17     1.23 
2175 10.62 0.00 0.09 0.09 3.26     1.23 
2180 6.76 0.00 0.06 0.06 3.32 3.30 July 8, 2002   1.23 
2182 20.63 1.00 0.17 0.00 3.32  Captured by Wetland   1.40 
2185 22.47 0.50 0.19 1.59 4.91   1.5  -0.00 
2190 11.49 0.00 0.09 0.09 5.00 5.00 July 8, 2002   -0.00 
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Table 2.2.8 Baseflow Distribution in West Creek 

        
Groundwater Array 

Balance 

Catch Area 
(ha) 

GW 
FACT 

Flow 
(L/s) 

Actual 
Outflows 

(L/s) 

Main 
Stem 
(L/s) 

Observed 
Discharge 

(L/s) 
Comment Inputs 

from GW 
Outputs 
to GW 

Regional 
GW Flow

Array 
(L/s) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
3101 15.14 0.00 1.65 1.65 1.65     0.00 
3102 19.07 0.00 2.08 2.08 3.73     0.00 
3103 4.79 1.00 0.52 0.00 3.73     0.52 
3104 21.18 1.00 2.31 0.00 3.73     2.83 
3105 7.86 1.00 0.86 0.00 3.73     3.69 
3110 4.82 0.00 0.53 0.53 4.25     3.69 
3115 2.42 0.00 0.26 0.26 4.52     3.69 
3120 3.99 0.00 0.43 0.43 4.95     3.69 
3125 5.49 0.00 0.60 0.60 5.55     3.69 
3127 3.65 0.00 0.40 0.40 5.95     3.69 
3130 11.45 0.00 1.25 1.25 7.19     3.69 
3135 11.75 0.00 1.28 1.28 8.47     3.69 
3140 4.96 0.00 0.54 0.54 9.01     3.69 
3145 2.41 0.00 0.26 0.26 9.28     3.69 
3150 6.96 0.00 0.76 0.76 10.03 10 July 8, 2002   3.69 
3155 5.16 0.00 0.56 0.56 10.60     3.69 
3160 10.8 0.00 1.18 1.18 11.77     3.69 
3165 2.15 0.00 0.23 0.23 13.51   1.5  2.19 
3170 1.35 0.00 0.15 0.15 13.65 13.5 July 8, 2002   2.19 
3175 6.06 0.00 0.66 0.66 14.31     2.19 

 

2.2.9  Sensitivity Analysis 

Once the model was operational, a sensitivity analysis was conducted to ascertain whether the model output was 
particularly sensitive to the selected values for the response unit drainage parameters.  The results from this analysis 
using the April 1987 snowmelt event and the 50-year Chicago storm event are summarized in Tables 2.2.9 and 2.2.10. 
Notice that adjustments of +25% in FKEFF (effective hydraulic conductivity), the most sensitive soil drainage parameter 
according to previous applications of GAWSER, influenced peak flowrates by less than 20% and hydrograph volumes by 
less than 3%. With the exception of  (FCS) changes in any one of the parameters produced changes in the model output 
quantities (e.g. peak flow or hydrograph volume) that were still less in percentage terms than the adjustment to the model 
parameters. 

The results presented in Tables 2.2.9 and 2.2.10 suggest that the variability of the model output to changes in the input 
parameters for event modelling is still about the same as the errors (±10%) typically associated with model input and 
output comparison data (e.g., precipitation, streamflow data).  Any further adustment in the model parameters to improve 
the simulated results would simply incorporate the uncertainties associated with the measured input and comparison data.  
These findings are consistent with sensitivity analyses reported in other GAWSER applications (e.g., Schroeter & Boyd, 
1998). 
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Table 2.2.9 Sensitivity analysis results for Snowmelt event April 1987 
 

a) Percentage differences in peak flows 
  FDS FDS FKEFF FKEFF FCS FCS FKO FKO FKMF FKMF FIMCI FIMCI
No. Location -25% 25% 25% 25% -25 % -25% 25% 25% -25% 25% -25% 25%

1503 
East Ck - Headwater 
Pond 13.3 -19.8 9.7 -7.5 0.1 -0.1 0 0.1 23.9 -22.8 -1.5 -7.6 

1210 
East Ck at Mohawk 
Road 16.1 -24.1 11.9 -9.1 0.1 -0.2 0 0 9.4 -20.9 -1.8 -7.6 

1213 
East Ck at Maple 
Grove Rd 16.1 -24.1 11.9 -9.1 0.1 -0.2 0 0 9.4 -20.9 -1.8 -7.6 

1232 
East Ck: Lower 
Wetland 7.3 -10.4 5.3 -3.9 0.3 -0.5 0 0 1.8 -1.1 -0.7 -4.9 

1235 
East Ck at Beaverdale 
Rd 11 -10.3 5.3 -3.9 0.4 -0.6 0 0 2 -1.2 -0.7 -5.1 

1255 
East Ck at Speed R 
outlet 8.3 -5.5 3.7 -2.1 0.7 -1.1 0 0 7.2 -3.8 -0.8 -7.1 

2215 
Middle Ck at Block 
Road 15.6 -10.3 4.8 -3.6 0.6 -1.1 0 0 13.2 -10.2 -0.7 -7.1 

2228 
Middle Ck at Station 
11+25 17.5 -14.5 6.9 -5 1.3 -1.9 0 0 12.7 -16.5 -1.3 -7.1 

2235 
Middle Ck at Station 
16+25 24.9 -15.7 7.6 -5.4 1.3 -2 0 0 11.8 -16.7 -1.4 -7.1 

2240 
Middle Ck at Node 
2240 12.4 -8.2 3.9 -3 0.6 -0.9 0 0 9.9 -7.6 -0.8 -7.6 

2245 
Middle Ck Maple 
Grove Rd 13.4 -9.1 4.4 -3.4 0.6 -0.9 0 0 10.5 -8.3 -0.8 -7.6 

2260 
Middle Ck at Briardean 
Rd 12.7 -8.5 4.1 -3.2 0.7 -1.1 0 0 8.5 -9.7 -0.8 -7.8 

2265 
Middle Ck - Inlet Farm 
Pond 11.4 -8.1 3.9 -3 0.9 -1.4 0 0 6.1 -10.6 -0.8 -8.2 

2275 
Middle Ck at Hunt Club 
Rd 9.9 -7.1 3.5 -2.7 0.9 -1.4 0 0 8.3 -10 -0.7 -8.1 

2285 
Middle Ck at Speed R 
Outlet 11.9 -7.4 3.7 -2.8 1 -1.6 0 0 7.4 -9.7 -0.8 -9 

3501 West Ck Loblaws Pond 0 0 0 0 0.2 0 0 0 0 0 0 -0.8 

3502 
Outlet Seaforth SWM 
Pond 0.4 -0.9 0 -0.1 5.4 -8.3 -0.1 0 0 0 -8.6 -22.6

3204 
West Ck Start Toyota 
Divers. 0.9 -1.6 0.6 -0.5 2.6 -4.1 0 0 9.7 -9.4 -3.3 -12.9

3210 West Ck u/s ATS Site 6.2 -6.1 3.1 -2.2 2.1 -3.2 0 0 16.3 -3.4 -2.7 -8.4 
3505 Outlet ATS SWM Pond 0.4 -0.7 0.4 -0.2 0 0 0 0 0 0 -0.4 -2.7 

3235 
West Ck at Royal Oak 
Rd 12.3 -11.3 5.6 -4.2 1.4 -2.2 0 0 27.3 -8.7 -2.2 -8.9 

3245 
West Ck at Highway 
401 10 -10.9 5.4 -4.1 1.1 -1.5 0 0 22.6 -9.6 -1.3 -6.8 

3247 
West Ck at Hal Rogers 
Drive 9.9 -10.8 5.3 -4 1.1 -1.5 0 0 22.5 -9.3 -1.3 -7.1 

3255 
West Ck at Speed R 
Outlet 9.5 -9.6 5.1 -3.9 1.1 -1.6 0 0 22.3 -7.6 -1.3 -7.9 
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b) Percentage differences in hydrograph volume 
  FDS FDS FKEFF FKEFF FCS FCS FKO FKO FKMF FKMF FIMCI FIMCI
No. Location -25% 25% 25% 25% -25 % -25% 25% 25% -25% 25% -25% 25% 

1503 
East Ck - Headwater 
Pond 6.7 -8.7 5.4 -2.7 0 0 0 0 0.7 0 -7.4 -2 

1210 
East Ck at Mohawk 
Road 6.7 

-
10.7 6 -4 -0.7 0 -0.7 0 0 -0.7 -6.7 -2.7 

1213 
East Ck at Maple 
Grove Rd 7.9 

-
10.5 6.1 -3.5 0 0.9 0 0.9 0.9 0 -6.1 -1.8 

1232 
East Ck: Lower 
Wetland 3.8 -6.7 1.9 -1.9 3.8 -6.7 -1 0 0 0 -3.8 -1.9 

1235 
East Ck at Beaverdale 
Rd 12.6 -6.8 2.9 -1 4.9 -6.8 0 1 0 0 -2.9 -1 

1255 
East Ck at Speed R 
outlet 5.8 -5.8 2.1 -1.6 2.6 -3.9 -0.5 0.5 -0.3 0 -2.1 -1.3 

2215 
Middle Ck at Block 
Road 18.3 -7.7 2.8 -1.8 4.9 -7 -0.4 1.1 0 0.4 -2.8 -1.8 

2228 
Middle Ck at Station 
11+25 16.4 -7.2 2.2 -1.6 6 -8.8 -0.6 0.6 -0.3 0.3 -3.8 -1.9 

2235 
Middle Ck at Station 
16+25 21.5 -7.8 2.4 -1.7 5.8 -8.5 -0.3 0.7 -0.3 0.3 -3.4 -2 

2240 
Middle Ck at Node 
2240 12.4 -5.3 1.7 -1 2.7 -3.9 -0.2 0.5 0 0.2 -1.5 -1.2 

2245 
Middle Ck Maple 
Grove Rd 12.7 -5.6 1.8 -1 2.8 -3.8 -0.3 0.5 0 0.3 -1.5 -1.3 

2260 
Middle Ck at Briardean 
Rd 12.6 -5.7 1.8 -1.3 3.1 -4.9 -0.3 0.3 -0.3 0 -2.1 -1.5 

2265 
Middle Ck - Inlet Farm 
Pond 11.8 -5.6 1.8 -1 3.8 -5.4 -0.3 0.5 0 0.3 -2.3 -1.3 

2275 
Middle Ck at Hunt Club 
Rd 11.3 -5.8 1.8 -1.3 3.8 -5.8 -0.3 0.5 -0.3 0 -2.5 -1.5 

2285 
Middle Ck at Speed R 
Outlet 11.4 -5.3 1.7 -1 3.9 -5.6 -0.2 0.5 0 0.2 -2.2 -1.2 

3501 West Ck Loblaws Pond 1.3 -1.9 0 0 0.6 -0.8 0 0 0 0.1 -0.4 -0.4 

3502 
Outlet Seaforth SWM 
Pond 1.4 -2.1 0 0 1 -1.5 0 0 0 0 -0.7 -0.5 

3204 
West Ck Start Toyota 
Divers. 1.9 -2.8 0.1 -0.1 3.4 -4.8 0 0 0.1 0 -2.5 -0.7 

3210 West Ck u/s ATS Site 2.9 -3.5 0.7 -0.3 3.3 -4.7 0 0.2 0 0 -2.4 -0.9 
3505 Outlet ATS SWM Pond 1.3 -2.1 0.1 -0.1 0 0 0 0 0 0 -0.1 -0.4 

3235 
West Ck at Royal Oak 
Rd 4.1 -3.9 0.9 -0.6 2.2 -3.6 -0.2 0.2 0 0 -2.1 -0.9 

3245 
West Ck at Highway 
401 4.1 -3.9 0.9 -0.6 3 -4.4 -0.2 0.2 0 0 -2.2 -0.9 

3247 
West Ck at Hal Rogers 
Drive 4 -3.8 0.9 -0.5 2.9 -4.4 0 0.2 0 0 -2.2 -0.9 

3255 
West Ck at Speed R 
Outlet 3.9 -3.9 0.8 -0.7 2.9 -4.2 -0.2 0.2 0 0 -1.9 -0.8 
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Table 2.2.10 Sensitivity analysis results for 50-year Chicago Storm Event 

a) Percentage differences in peak flows 

  FDS FDS FKEFF FKEFF FCS FCS FKO FKO FKMF FKMF FIMCI FIMCI

No. Location -25% 25% 25% 25% -25 % -25% 25% 25% -25% 25% -25% 25%

1503 East Ck - Headwater Pond 4 -4.9 10.2 -10.1 0 0 0 0 33.7 -26.8 -2.1 3.7 

1210 East Ck at Mohawk Road 4.3 -5.6 11.8 -11.8 0 0 0 0 29.8 -24.7 -2.4 4.2 

1213 East Ck at Maple Grove Rd 4.3 -5.6 11.8 -11.8 0 0 0 0 29.8 -24.7 -2.4 4.2 

1232 East Ck: Lower Wetland 4 -4.4 2.8 -6 0 0 0 0 25.5 -22.4 -3.1 7.1 

1235 East Ck at Beaverdale Rd 4.1 -4.6 2.6 -6 0 0 0 0 23.6 -22.8 -3.2 7.2 

1255 East Ck at Speed R outlet 3.1 -4.1 2.8 -5.2 0 0 0 0 22.9 -21.5 -3.5 7.7 

2215 Middle Ck at Block Road 3.1 -4.8 5.4 -6.5 0 0 0 0 26.7 -23.5 -3.9 8.6 

2228 Middle Ck at Station 11+25 4.2 -5 8 -8.8 0 0 0 0 29.8 -24.4 -3.9 9.4 

2235 Middle Ck at Station 16+25 4.5 -5.2 8.4 -9.1 0 0 0 0 28.8 -24.3 -3.9 9.3 

2240 Middle Ck at Node 2240 3.4 -3.9 5.8 -6 0 0 0 0 19.1 -17.7 -2.3 5.5 

2245 Middle Ck Maple Grove Rd 3.5 -4 6.2 -6.3 0 0 0 0 19.7 -18.1 -2.4 5.7 

2260 Middle Ck at Briardean Rd 3.7 -4.1 6.6 -6.3 0 0 0 0 20.2 -18.6 -2.8 6.5 

2265 Middle Ck - Inlet Farm Pond 3.8 -4.2 6.8 -6 0 0 0 0 19.5 -18.2 -3.1 7.5 

2275 Middle Ck at Hunt Club Rd 3.6 -4.1 6.8 -5.5 0 0 0 0 18.7 -17.4 -3.2 7.9 

2285 Middle Ck at Speed R Outlet 3.8 -4.2 6.7 -5.8 0.2 0 0 0 17 -16.6 -3.5 7.8 

3501 West Ck Loblaws Pond 1.4 -2.1 0.5 -0.5 0 0 0 0 6.7 -8.9 -0.8 2.1 

3502 Outlet Seaforth SWM Pond 1.6 -2.4 0.8 -1 0 0 0 0 17.7 -18.7 -1.3 3.5 

3204 West Ck Start Toyota Divers. 2.3 -3.1 2.3 -2.3 0 0 0 0 20 -19 -2.2 5.8 

3210 West Ck u/s ATS Site 2.9 -3.5 4.3 -4.5 0 0 0 0 21.6 -19.5 -2.4 6.2 

3505 Outlet ATS SWM Pond 2 -3 1.4 -1.7 0 0 0 0 15.5 -16.8 -0.3 0.6 

3235 West Ck at Royal Oak Rd 3.2 -3.9 5.4 -5.3 0 0 0 0 19 -18.1 -2.2 5.5 

3245 West Ck at Highway 401 3.2 -3.9 5.7 -5 0.1 0 0 0 17 -16.5 -2.8 6.7 

3247 West Ck at Hal Rogers Drive 3.2 -3.9 5.7 -5 0.1 0 0 0 16.8 -16.4 -2.7 6.7 

3255 West Ck at Speed R Outlet 3.3 -3.8 5.8 -4.8 0.1 0 0 0 16.1 -15.8 -2.9 7 
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b) Percentage differences in hydrograph volume 

  FDS FDS FKEFF FKEFF FCS FCS FKO FKO FKMF FKMF FIMCI FIMCI

No. Location -25% 25% 25% 25% -25 % -25% 25% 25% -25% 25% -25% 25%

1503 
East Ck - Headwater 
Pond 3.9 -4.9 10.1 -9.8 0 0 0 0 1 -1.3 -2 3.6 

1210 
East Ck at Mohawk 
Road 4.4 -5 11.3 -10.7 0 0 0 0 0.9 -0.9 -2.2 4.1 

1213 
East Ck at Maple 
Grove Rd 4.1 -5.3 11.5 -10.7 0 0 0 0 1.2 -0.8 -2 4.1 

1232 
East Ck: Lower 
Wetland 10.6 -11.3 25.4 -19.7 0.7 0 0 0 4.9 -5.6 -7 16.9 

1235 
East Ck at Beaverdale 
Rd 12.2 -11.5 25.2 -19.4 0 0 0 0 5 -5.8 -7.2 16.5 

1255 
East Ck at Speed R 
outlet 5.6 -6 11.6 -9 0 0 0 0 0.3 -1 -4.7 10 

2215 
Middle Ck at Block 
Road 7 -5.2 10.2 -8.3 0.3 0 0 0 0.3 -0.8 -4.7 9.9 

2228 
Middle Ck at Station 
11+25 6.8 -5 9.3 -7.5 0.3 0 0 0 0 -0.8 -5.3 11.5 

2235 
Middle Ck at Station 
16+25 8 -5.3 9.9 -7.7 0.3 0 0 0 0 -0.8 -5.1 11.5 

2240 
Middle Ck at Node 
2240 6.1 -4.4 7.8 -6.6 0 0 0 0 -0.2 -0.2 -3.4 7.3 

2245 
Middle Ck Maple Grove 
Rd 6.2 -4.4 8.1 -6.7 0.2 0 0 0 0 -0.2 -3.4 7.4 

2260 
Middle Ck at Briardean 
Rd 6.2 -4.4 8.4 -6.7 0.2 0 0 0 0 -0.2 -3.7 8.4 

2265 
Middle Ck - Inlet Farm 
Pond 6.1 -4.4 8.5 -6.3 0.2 0 0 0 0 0 -3.9 9.3 

2275 
Middle Ck at Hunt Club 
Rd 5.8 -4.6 8.2 -6.2 0.2 -0.2 0 0 -0.2 -0.2 -4.3 9.4 

2285 
Middle Ck at Speed R 
Outlet 6.1 -4.3 8 -6.1 0.2 0 0 0 0.7 -0.7 -4.3 9 

3501 West Ck Loblaws Pond 1 -1.8 0.4 -0.1 0 0 0 0 -2.1 3 -0.7 1.8 

3502 
Outlet Seaforth SWM 
Pond 1.2 -1.9 0.7 -0.3 0 0 0 0 -1 1.3 -1.3 3.2 

3204 
West Ck Start Toyota 
Divers. 2.1 -3 3 -0.9 0.2 0 0 0 -0.7 1.1 -3.4 8.2 

3210 West Ck u/s ATS Site 2.6 -3.4 4.6 -2.8 0.2 0 0 0 -0.6 0.8 -3.2 8.1 
3505 Outlet ATS SWM Pond 1.1 -2 0.8 -1 0 0 0 0 -1.6 2.3 -0.3 0.3 

3235 
West Ck at Royal Oak 
Rd 3.4 -3.4 5.6 -4.1 0.2 0 0 0 -0.6 1.1 -2.8 6.9 

3245 
West Ck at Highway 
401 3.3 -3.5 5.6 -3.7 0.2 0 0 0 0.4 0.4 -3.3 8.1 

3247 
West Ck at Hal Rogers 
Drive 3.3 -3.5 5.5 -3.7 0.2 0 0 0 0.4 0.4 -3.3 8 

3255 
West Ck at Speed R 
Outlet 3.2 -3.6 5.4 -3.8 0.2 -0.2 0 0 0 0.6 -3.4 8 
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2.2.10  Schematic Representation 

Schematic representations of the East, Middle and West Creeks subwatershed hydrology models, showing the linkage of 
subcatchments, channels and reservoir elements, are displayed in Figures 2.2.3, 2.2.4 and 2.2.5. 

2.3 Model Validation 

2.3.1 Procedures 

In any hydrologic modelling exercise, it is generally assumed that if a given model reproduces an observed or measured 
sequence of quantities (e.g. streamflow volume, reservoir water levels) that ‘confidence’ can be placed in its predictive 
capability, from which management options or decisions are often made. Obviously, if additional comparisons between 
model output and measured quantities are made and their agreement is deemed to be ‘acceptable’, then more confidence 
can be placed in predictions from the model, particularly for impact analyses. Consequently, an important step in any 
hydrologic modelling exercise is to establish the ‘level of confidence’ in the predictive results, or ‘validating the model’. 

This important confidence building or ‘validation’ step in the modelling procedures is often referred to as ‘calibration’, 
although the term ‘calibration’ has been used interchangeably with  ‘verification’, ‘validation’ and ‘confirmation’. This is 
unfortunate, because ‘calibration’ is a unique step in the modelling procedures, apart from ‘validation’, ‘verification’ or 
‘confirmation’. 

Model calibration is a process of adjusting model parameters, variables or other inputs in order to reduce the differences 
between simulated and observed flows  (or other hydrologic quantities) to levels that are deemed acceptable (see Watt et 
al., 1989; James and Burgess, 1982).  The ‘adjusted’ or ‘calibrated’ parameters or variables are then ‘verified’ or 
‘validated’ by applying the model to an independent data set that was not used for calibration.   

According to James and Burgess (1982), model calibration involves a trial-and-error procedure to achieve optimum 
parameter levels that produce a reasonably good match between model results and observed data. The parameters, 
whose values are based on field measurements or well-established from previous studies, remain fixed. Those to be 
calibrated are adjusted based on a goodness of fit criterion using visual or statistical comparisons between measured and 
simulated results (see James and Burgess, 1982; Schroeter and Boyd, 1998).  A model is said to be ‘robust’ if its 
parameter settings can be transferred from one watershed to another (Schroeter and Watt, 1989).  

A simple comparison of model output with any observed values does not constitute a ‘calibration’ exercise, unless the 
parameters are adjusted to improve the agreement between observed and simulated results. On the whole, any 
comparison between measured and modelled results is always considered part of the model ‘confirmation’ or validation 
procedures. 

In summary then, the Hespeler West Subwatersheds hydrologic model has been adequately confirmed or validated. In 
this regard, the following validation checks have been made. 

1. The GAWSER (Guelph All-Weather Sequential-Events Runoff) model has been extensively calibrated, verified 
and validated in more than 33 watershed modelling studies within the last 14 years, 32 of which were conducted 
for Ontario watersheds. As of April 2000, the applications constitute model comparisons with observed flow data 
from more than 104 gauges for 1500 gauge-events. For continuous simulation work, the model has been 
compared with long-term streamflow data from 32 gauges for 300 gauge-years. For urban runoff modelling, the 
model has been tested with data from 10 gauges for more than 46 gauge-events. The experience gained in 
applying the model over the last 14 years in Ontario, particularly in the Grand River basin, was utilized directly in 
formulating the Hespeler West Subwatersheds model. 

2. Of particular relevance to the present work, GAWSER was applied in Speed and Eramosa River Floodline 
Mapping Study (Ecologistics, 1988), Phase I of the Grand River Hydrology Study (GRCA, 1988), the Eramosa 
River Watershed Hydrology Study (Schroeter and Boyd, 1998), the Grand River water budget and climate change 
study (see Schroeter et al., 2000a), and the recently completed Forbes Creek Subwatershed study. The monthly 
parameter adjustments factors established in these studies were used directly in this study. 

3. Mean annual evapotranspiration amounts estimated by the physically-based GAWSER model were well within 
acceptable ranges  reported in numerous southern Ontario climatology documents and maps  (e.g. Brown et al., 
1974;  OMNR, 1984). 
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In this study, the main objective of the validation procedures was to ensure that the level of   performance provided by the 
Hespeler West hydrology model was adequate for the purposes of this subwatersheds study.  For this purpose, 
continuous streamflow measurements were collected at four sites within the study area (see Figure 2.2.4 for locations in 
model schematic): on East Creek at Beaverdale Road, Middle Creek at Maple Grove Road, Middle Creek at Hunt Club 
Road, and on West Creek at Hal Rogers Drive.  In addition, a recording rain gauge (tipping bucket) was installed for the 
study period near the Toyota SWM Pond. These data have been collected for an insufficient length of time to fully 
measure the range of flows expected in the Hespeler West Subwatersheds. There are no data for the winter months. 
Moreover, the quality of the gauged data is questionable for some events. Consequently, as noted above, the calibrated 
model parameter factors established in previous Grand River modelling, and in particular for the lower Speed River 
watershed, were used throughout. Recall, that these values were established through extensive calibration exercises 
conducted within the Grand River basin over the past 15 years.  

The streamflow data collected in the present study were primarily used to confirm or verify the parameter settings 
developed in the larger Grand River/Speed River applications. This form of model assessment, although not as rigorous, 
gives a qualitative check on the model’s performance in terms of its tracking of flows through the drainage network, 
particularly the routing calculations in the different hydrologic elements (e.g. overland flow, channel and reservoir routing), 
assessed in terms of hydrograph timing and peak flow estimates. Later in section 2.4.3, an additional model assessment 
check is provided when the generated peak flows for existing conditions are compared with previous estimates and other 
methods. 

2.3.2  Meteorological and Streamflow information 

The selection of input data to verify the formulated hydrologic model depended on the availability and quality of 
meteorological and streamflow information for the study area. Streamflow data were obtained from four temporary gauge 
(measuring water level) sites for October 16 to December 21, 2001, and March 21 to September 9, 2002, two periods 
totaling 228 days. Stream Gauge 1 was located on East Creek at Beaverdale Road, Gauge 2 on Middle Creek at Hunt 
Club Road, Gauge 3 on West Creek at Hal Rogers Drive, and Gauge 4 on Middle Creek at Maple Grove Road.  

Rainfall data were available for the study period from three different automatic recording rain gauges: one located within 
the study area near the large Toyota SWM pond, the GRCA’s Shade’s Mill dam, and one in Guelph on Grandridge 
Crescent (at the Schroeter and Associates office). The GRCA Shade’s Mill gauge and the Dr. Schroeter’s gauge are 
located outside the study area to the southeast and east, respectively. Early in the study period, the Toyota SWM pond 
rain gauge malfunctioned, and for the most part, there are very little useful data from this gauge except for the latter half of 
November 2001. This meant that most of the validation modelling was carried out using rainfall data collected outside the 
study watersheds. From previous modelling in the Grand River basin, it is known that rainfall amounts can vary 
considerably, both in time and space. Consequently, it was recognized from the outset of the validation exercises that 
good agreements between observed and simulated hydrographs may be difficult to achieve because all the rainfall data 
were measured outside the study areas. Table 2.3.2.1 gives a comparison of rainfall amounts recorded at the GRCA’s 
Shade’s Mill and the Guelph Grandridge gauges for the study period. For the period when both gauges were operating, 
the totals for both gauges are comparable (306.8 and 323.2 mm, respectively), and differ by only 5%. Any differences 
between the individual event amounts reflect the spatial variations caused primarily by convective events (e.g. 
thunderstorms). Although the amounts for June and July appear normal, most those totals occurred on only a few days 
(less than about 5). The total for August was well below normal, as drought conditions were experienced in southern 
Ontario for the second year in a row. The Guelph Grandridge gauge data were available in 15-minute time increments, 
whereas the Shade’s Mill rainfall depths were available in hourly amounts only. 

A major difficulty in securing good quality streamflow data for such a short time period is the establishment of the gauge 
rating tables, that is the relationship between water level (which is measured by the gauge) and discharge. Because of the 
rapid runoff response of the Hespeler West subwatersheds during rainfall events, it was not possible to meter the flows for 
the full range of discharges observed at each gauge location. Fortunately, the gauges were located in places where the 
hydraulic controls were obvious (e.g. culverts, weirs) so the available metered flows could be augmented by values 
computed according to theoretical formulas for use in developing full rating tables. However, the water level recorders 
were still placed in locations that complicated the establishment of good ‘stable’ rating tables. For instance, the standpipe 
for the water level recorder located at gauge site 1 (East Creek at Beaverdale Road) was initially causing debris to build-
up near the end of the culvert outlet. This recorder was subsequently located immediately downstream in small pool, 
allowing the debris to pass through, but a relationship between the water level in the pool had to be correlated with the 
water level in the culvert. Moreover, from examination of the actual water level records that were collected for Gauge 2 
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and 4 (the two Middle Creek gauges), it’s apparent that these gauges could be prone to ‘silting-up’, especially after the 
passage of a runoff event. All of these factors needed to be considered in assessing the available streamflow data. 
 

 
Table 2.3.2.1:  Comparison of rainfall amounts for the study period  

Month 
Toyota 

SWM  Pond 
Gauge Total (mm) 

GRCA 
Shade’s Mill Dam 

Gauge  Total  (mm) 

Guelph 
Grandridge Cr. 

Gauge Total (mm) 
Oct 2001 (16th to 31st) N/A 40.2 43.6 
Nov. 2001 12.6 (Nov. 16 to 30) 22.8 (to Nov. 15, 2001) 72.6 

(25.4 to Nov. 15) 
Dec. 2001 0.2 (to Dec. 5) N/A 33.4 
April 2002 N/A 95.6 86.8 
May 2002 N/A 85.2 100.0 
June 2002 N/A 63.0 (to June 24th) 102.0 

(67.4 to June 24th) 
July 2002 N/A N/A 80.2 
August 2002 (to 28th) N/A N/A 11.4 
    
Total for the study 
period 

N/A N/A 530.0 

Totals for available 
Data at Shade’s Mill  
And Grandridge Cr. 

  
306.8 

 
323.2 

 

Upon examination of the available rainfall and streamflow records, eight event or simulation periods were selected for 
model validation as characterized in Table 2.3.2.2 below. Each of the event periods were chosen to have a total duration 
of 3 days (72 hours). The formulated computer model was run at 15 minute time step for these events. From the 
information given in Table 2.3.2.2, it can be seen that the rainfall totals were significant (that is greater than 25 mm) for 
five of the eight events. In fact the mean rainfall total for all seven events was found to be 27.0 mm.  All the validation 
events had rainfall volumes, maximum intensities, and peak flows had return periods much less than 2 years The April 
event included some snowmelt input, but no temperature data were available to model the snowmelt sequence. 

In terms of streamflow, the mean event hydrograph volume for all four gauges taken together is 18.4 mm, which suggests 
a mean runoff coefficient of 0.68 when using the mean event total rainfall. This runoff coefficient is rather high, because 
there is already significant development within the three subwatersheds, and the total event hydrographs include baseflow 
volumes. Moreover, the difference in mean hydrograph volumes going from east to west shows the differences in soil-type 
and ground cover in each subwatershed. As noted in the background report, East Creek has the highest infiltration soils, 
and so we would expect the hydrograph volumes to be low, as indicated here, whereas West Creek has the highest 
degree of development, and so it’s hydrograph volumes are much higher. Notice that the mean hydrograph volume for the 
Middle Creek at Hunt Club Road gauge is 28.4 mm, which is about 5% higher than the mean observed rainfall for all eight 
events. This apparent discrepancy may suggest any or all of the following: a) there is considerable baseflow included in 
the hydrograph total volume, b) the actual rainfall on Middle Creek was higher for these eight events, and c) there are 
uncertainties in both the rainfall and streamflow data due for the most part to measurement errors. Recall, that the study 
period is rather short for fully establishing stream gauge rating tables. 

As a further check on the quality of the streamflow data, Figure 2.3.2 gives a plot of the maximum 15 minute rainfall 
intensity against the peak flows measured the most downstream gauge in each subwatershed.  As expected, because of 
the predominance of existing developments, the peak flows West and Middle Creek gauges tend to increase with the 
maximum intensity. The April event is unusual because it may have involved some snowmelt, but it’s more likely that the 
lower infiltration rates found in the early spring relative to later in the summer have caused more runoff to be generated. 
There appears to be no general increase in peak flows as the maximum intensity increases for the East Creek gauge. 
This is because the soils are more pervious in that watershed, and larger rainfalls and initial conditions will dictate the 
magnitude for a given event.   
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Table 2.3.2.2  Summary of event simulation periods for model validation purposes 
(Hydrograph volumes in mm given below peak flows) 

No. 
Event 

Periods 
In 

2001/2002 

Total 
Rainfall 

(mm) 

Maximum 
15 min 
Rain 

Intensity 
(mm/h) 

East Ck 
Beaverdale

Peak 
Flow 

(m3/s) 

Middle Ck 
Maple 

Grove Rd 
Peak 
Flow 
(m3/s) 

Middle Ck 
Hunt 

Club Rd 
Peak 
Flow 
(m3/s) 

West Ck 
Hal 

Rogers Dr. 
Peak 
Flow 
(m3/s) 

1 Nov. 1-3 19.0 4.0 0.019 
(2.3) 

N/A 0.45 
(30.5) 

0.43 
(11.8) 

2 Dec. 16-18 12.6 1.6 0.051 
(5.8) 

N/A 0.57 
(18.4) 

0.32 
(12.1) 

3 April 12-14 21.4 8.8 0.22 
(11.2) 

1.23 
(41.3) 

1.53 
(37.9) 

1.07 
(41.8) 

4 May 15-17 27.0 24.8 0.16 
(6.8) 

N/A 1.95 
(43.4) 

0.84 
(18.9) 

5 June 14-16 38.4 29.6 0.14 
(5.3) 

0.55 
(13.0) 

0.93 
(25.2) 

0.72 
(29.3) 

6 June 21-23 29.8 18.1 0.063 
(2.7) 

0.12 
(4.5) 

0.58 
(20.8) 

0.49 
(15.2) 

7 June 26-28 32.4 39.2 0.11 
(4.4) 

0.59 
(12.0) 

1.39 
(30.5) 

1.07 
(30.7) 

8 July 22-24 35.0 23.2 0.160 
(3.0) 

0.43 
(5.4) 

0.68 
(20.1) 

1.14 
(37.6) 

        
 Averages: 27.0 18.7 0.12 

(5.2) 
0.58 

(15.2) 
1.01 

(28.4) 
0.76 

(24.7) 
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Figure 2.3.2  Comparison of maximum observed rainfall intensity and peak flows at three gauges. 

 

2.3.3  Snowmelt Input Data 

Snow accumulation and melt in different land cover units within a watershed are accounted for in GAWSER by defining 
'blocks of equivalent accumulation' (BEAs). For the Hespeler West subwatersheds,  six BEAs were identified and 
considered: two types of field blocks (ploughed and grass/pasture/grains), forests, and three edge blocks (e.g. road 
easements, fence lines and forest edges). Edge blocks are areas with significant capacity to store snow during blowing 
snow conditions. Reference should be made to Schroeter and Whiteley (1986), Schroeter (1988) and Burkart et al. (1991) 
for further information about snow accumulation characteristics among differing landscape units in southwestern Ontario. 

The BEAs were estimated from land cover information given in Table 2.3.1 using similar relationships between blocks 
found in the Grand River (Schroeter & Whiteley, 1986). Note that about 22%, 18% and 14% of the East, Middle and West 
Creek subwatersheds, respectively, are forested. The snowmelt model parameters listed in Table 2.3.3 were taken 
directly from the Eramosa River Hydrology Study (Schroeter and Boyd, 1998). 
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Table 2.3.1 Model parameters for each block of equivalent snow accumulation, and typical initial 
conditions in each ZUM 

- Symbol Units Fields  
Ploughed

Fields
Grass

Forest Roadway 
Easement
s 

Fence 
Lines 

Forest 
Lodges 

Constant melt factor KMI (mm/dCo) 0.3 2.0 0.2 4 4 0.2 
Variable melt factor KMII (mm/dCo) 32 29 22 24 24 23 
Refreeze factor KF (mm/dCo) 16 16 11 16 12 11 
Base Temperature TBAS (Co) 0 0 0 0 0 0 
Sublimation rate SUBLIM (mm/d) 0.33 0.33 0.33 0.33 0.33 0.33 
Threshold density MRHO (vol/vol) 0.40 0.37 0.35 0.40 0.70 0.37 
Compaction 
Constant: 

A (hours) 0.10 0.10 0.10 0.10 0.10 0.10 

Compaction 
Constant: 

B (1/Co) 7.0 7.0 7.0 7.0 7.0 7.0 

Holding Capacity HCAP (cm) 9.5 17 44 35 55 2000 
Subwatershed 19  ZUM 1        
Percentage of Area AREA (%) 55 18 14 3 3 7 
Initial depth IDEPTH (cm) 7.6 19.0 22.8 26.6 55.5 6

3.8 
Initial water content ISWC (mm) 26.6 52.8 57.0 106.4 222. 2

23.3 

 
General Parameters Applied to All Blocks 

Parameter Symbol Units Value
New snow density NEWDEN (vol/vol) 0.100 
Eroded snow density RHOE (vol/vol) 0.120 
Irreducible water 
saturation 

SWI (vol/vol) 0.07 

Initial liquid water content ILWC (mm) 0.00 

 

2.3.4  Initial Conditions 

Initial watershed conditions are represented by three variables in the GAWSER program: initial soil-water content, initial 
streamflow at time zero (also called baseflow), and initial snowpack conditions (for snowmelt events only). 

The initial soil-water content was usually set initially at field capacity for all flood flow generation events (e.g. Regional 
Storm), which is believed to be the 'normal' condition. In long-term simulations, this variable was adjusted (upward or 
downward) until the flow volume on the first few days of simulation agreed with any available observations. Otherwise, this 
variable was rarely altered beyond its starting value. 

Streamflow at time zero was attributed either entirely to baseflow (outflow from groundwater storage) or a mixture of 
baseflow and subsurface stormflow. The initial flows were estimated by area-proration on a subcatchment basis from 
available gauge data. Complete details of how to estimate initial streamflows are given in Lesson 8 of the GAWSER 
Training Guide and Reference Manual. 

Initial snowpack conditions are easily set for long-term simulations by starting the model in a period when there is no 
snow. By defining the simulation according to a 'water year' (Nov. 1 to the following Oct. 31), the initial snowpack 
conditions are easily set at zero. Another approach is to make a separate run of GAWSER starting on the date of the last 
snow course and simulating the snowpack to the start of the required event. The final snowpack conditions for this ‘pre-
run’ become the initial snowpack conditions for the required run (see Schroeter et al., 1991).  
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2.3.5  Parameter Selection and Adjustments 

Previously published values were employed as first estimates for all model parameters. In this case, parameter values 
were taken directly from the Eramosa River Watershed Hydrology Study (Schroeter and Boyd, 1998), and the ongoing 
Grand River Water Management Strategy Study (see Schroeter et al, 2000a).   

Once the model is completely set-up, the number of parameters requiring additional adjustment, should calibration be 
necessary, are relatively few. The program adjusts the specified parameters for all response units and subcatchments in a 
similar manner, as shown here for effective hydraulic conductivity (KEFF). 

[2.3.1]    KEFF(i)used = FKEFF * KEFF(i)specified 

Where FKEFF is the effective hydraulic conductivity adjustment factor, the subscript ‘used’ denotes the value of KEFF 
actually used in the runoff calculations for response unit (i), and the subscript ‘specified’ represents the value of the 
parameter (e.g. KEFF in Table 2.3.4) for response unit (i) actually entered in the input files during model set-up.   

In previous applications of GAWSER, the most commonly adjusted parameter factors are shown in Table 2.3.2. 

 

Table 2.3.2  Most commonly adjusted parameter factors 

FDS Maximum depth of depression storage factor 

FKEFF Effective hydraulic conductivity factor (for surface infiltration) 

FCS Maximum seepage rate (movement of water from layer 1 to 2) 

FD Maximum percolation rate (movement of water out of layer 2) 

FKO Overland runoff lag factor 

FKMF Combined refreeze/snowmelt factor 

FIMCI Initial soil-water content adjustment factor for soil layer 1 

FIMCII Initial soil-water content adjustment factor for soil layer 2 

FEDAY Potential evapotranspiration adjustment factor 

FINS Interception storage adjustment factor 

 

Values of unity for any of the above factors means that the 'as set-up' values specified in the watershed files are used 
directly in the calculations. The rationale for adjusting these factors is given below. 

Depression storage, FDS: This factor diverts water from overland runoff. During snowmelt, depressions may be 
ice-filled and hence ineffective. Because total streamflow is modelled in GAWSER, including subsurface 
stormflow and groundwater baseflow, the effect of depression storage is to alter the amounts of overland and 
subsurface components. If the soil is initially at field capacity or wetter, depression storage does not represent a 
loss from input to total streamflow. 

Effective hydraulic conductivity, FKEFF: This factor allows for changes in the hydraulic conductivity due to 
viscosity changes as the ground surface temperature varies. This effect accounts for a reduction to 0.25 of the 
midsummer values (specified in the model) for early spring and fall rainfall events. The presence of frozen water 
in the upper soil layers causes additional loss in hydraulic conductivity. For snowmelt events, reductions in KEFF 
of 0.020 to 0.075 of the midsummer values are common to account for frozen ground conditions in different parts 
of the watershed. 
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Maximum seepage (FCS) and percolation (FD) rates: These factors allow for changes in the rates of water 
movement between soil layers. Their influence can be seen on the recession tails of simulated hydrographs. 
Depending on the amount of frost penetration in a soil, these factors may be reduced from their midsummer 
values, as with FKEFF. Generally, these parameters should not change much between events, although they can 
be influenced by soil cracking as well (e.g. higher values).  For large events where the top soil layer becomes 
saturated (e.g. Regional Storm), these factors will control the amount of infiltration (see GAWSER Training Guide, 
Section A.2.2).  

Overland linear runoff lag constant, FKO: A major adjustment factor of the shape of the overland runoff 
hydrograph is the linear reservoir lag constant through which the translated hydrograph developed from the 
area/time versus time curve is routed. Recall, that KO is set equal to two times the basetime (TB) of the area/time 
curve. Each subcatchment was set-up with KO=2*TB as an initial value (with KO=3*TB for swampy areas), and 
hence FKO=1. However, for snowmelt events FKO is set higher (around 4.0) to account for the delayed routing 
effects caused by the presence of a snow cover in fields. Similarly, higher FKO values (about 4 to 5) are required 
for late summer and early fall events to account for the presence of unharvested crop cover. 

Refreeze/Snowmelt factor, FKMF: There will be variations in the amount of melt per degree-day depending on the 
amount of incoming solar radiation. This quantity varies with season, cloudiness and surface cover type (e.g. 
forests or open fields) and is imperfectly related to air temperature. Heavily forested subwatersheds will have 
smaller melt factors than those dominated by open fields (Schroeter et al., 1991). The variability of air 
temperature through the day is a further complication. Reduction in reflectivity of the snow surface as it ages 
means that more energy is available for melt from the same solar radiation as snow ages. The general tendency 
of these trends is to produce a higher melt factor in late spring events (about 0.7 to 0.9). Because refreeze and 
snowmelt are influenced by the same energy balance considerations, the comments made earlier about snowmelt 
can also be applied to the refreeze factors. 

Initial soil-water content for first layer, FIMCI: This has a major influence on the initiation of runoff and the overall 
hydrograph volume. Initially dry soils produce less runoff, whereas initially wet soils produce more runoff. Usually, 
the soil-water contents are set initially at field capacity, and so FIMCI=1.0. Rarely is this factor adjusted for spring 
and fall events. For summer events, FIMCI may be less than unity (say about 0.3 to 0.5). 

The subsurface and groundwater recession constant, FKSS: This factor controls the linear reservoir lag constant 
for subsurface and groundwater storage, which determines when the percolated water (output from the second 
soil layer) appears as baseflow. This value is normally kept at unity, but it will be higher for the midsummer to 
early fall period. 

Relative density of freshly fallen snow factor, FNEW: Observations have shown that values for the relative density 
of fresh snow range from 0.02 to 0.15, depending on what time during the winter (early, middle or late), and the 
prevailing weather system. For most applications in southern Ontario to date, the fresh snow relative density has 
been set at 0.085. The FNEW factor allows for some variation in this parameter throughout the winter. Generally, 
new snowfalls in the late winter will be wetter (more dense).  

Potential Evapotranspiration adjustment factor, FEVAP: In GAWSER, the potential daily evapotranspiration rate 
(EDAY) is set as a constant. FEVAP provides a means of varying EDAY on a monthly basis, representative 
values of which are given in climate reports (e.g. Hare and Thomas, 1979). At present, EDAY is set at 1 mm/d, 
which means that the stated values for FEVAP directly represent the monthly average values for EDAY. 

Interception storage adjustment factor, FINS: This is relatively new feature in GAWSER, and such, has seen 
limited application. However, initial experience in applying this factor  in the Eramosa River has yielded stable 
values. 

The final monthly parameter adjustment factors used in the continuous simulation are given in Table 2.3.3.   

Table 2.3.3  Monthly Parameter Adjustment Factors 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

FDS 0.75 1 1 1 1.2 1.15 1.15 1.5 1.5 1 0.75 0.75 
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Table 2.3.3  Monthly Parameter Adjustment Factors 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

FKEFF 0.02 0.02 0.02 0.1 0.4 0.65 0.75 0.9 0.65 0.25 0.1 0.02 

FCS 0.03 0.02 0.02 0.09 0.4 0.5 0.6 0.75 0.35 0.3 0.13 0.06 

FD 0.05 0.03 0.03 0.05 0.05 0.06 0.1 0.11 0.09 0.08 0.07 0.05 

FKO 5 5 3.5 3.5 4 4.5 5.5 6 5 4 3.5 4 

FKSS 2 2 2 2 2 2 2 2 2 2 2 2 

FKMF 0.25 0.33 1.1 1.3 1.5 1 1 1 1 1 0.25 0.15 

FNEW 0.95 0.95 1 1 1 1 1 1 1 1 1 0.95 

FEVAP 0 0 0 2.67 3.94 4.6 4.74 3.81 2.6 1.55 1 0 

FDINS 0.2 0.2 0.2 0.5 0.7 1.2 1.5 1.5 1.2 0.7 0.2 0.2 

 

2.3.6 Results and discussion 
The streamflow data available for this study were primarily used to confirm the parameter adjustment factors developed in 
previous applications of the GAWSER program for the Grand River basin, and the Speed River watershed in particular. 
Because the rainfall data were collected outside the study subwatersheds, which introduces uncertainties in hydrograph 
timing, and since some of the observed hydrographs contain questionable data, due to in part to instabilities in the rating 
tables, computed hydrograph statistics often used for model calibration/validation work (e.g. the Nash-Sutcliffe model 
efficiency) will have skewed values that are meaningless and not helpful for assessing model performance. Consequently, 
our discussion will focus entirely on a qualitative inspection of a series of plots for representative events at each gauge 
location, upon which the observed and simulated hydrographs are viewed together. For this purpose, hydrograph plots 
are summarized in Figures 2.3.6.1 to 2.3.6.3. The measured and modelled hydrographs for the remaining events and all 
four gauges are provided in an attachment to this appendix. 
 
Figure 2.3.6.1 gives the observed and simulated hydrographs for the May 15 to 17, 2002 event on West Creek at the Hal 
Rogers Drive gauge. This was the best overall modelled event at the West Creek gauge, which is surprising because the 
rainfall depths were measured at tipping bucket gauge in the northwest end of Guelph, some 10 to 14  km away from the 
study watersheds. To produce the result shown in Figure 2.3.6.1, the observed rainfall depths were increased by 50% to 
account for the variations in rainfall caused by convective storm vents. For all eight events, the rainfall applied to the West 
Creek watershed was set consistently higher by as much as 50 to 100% compared to the other two creeks.  
 
The hydrograph plots for the July 22-24, 2002 event on the East Creek at the Beaverdale Road gauge are displayed in 
Figure 2.3.6.2. The agreement between the measured and modelled results are considered very good, although spatial 
variations in the rainfall amounts between Guelph and the study areas are evident in the plot. Here, the observed 
hydrograph between hours 22 and 30 has been over-estimated by the simulated curve. As noted in the attachment to this 
appendix, the agreement between the measured and modelled hydrographs for the East Creek gauge are considered fair 
to very good, depending upon how representative the rainfall distribution is for the given event. 
 
The measured and modelled hydrographs for the June 26-28, 2002 event on Middle Creek at the Maple Grove Road and 
Hunt Club Road gauges are summarized in Figure 2.3.6.3. This event was chosen for presentation here because it clearly 
illustrates some of the difficulties in estimating the areal distribution in rainfall amounts. In general, the available rainfall 
depths for this event are not very representative of the actual depths that occurred on Middle Creek. For instance, it is 
know that between 4:45 pm and 5:15 pm (between hours 16 and 17) on June 26, 2002, just before one of the Hespeler 
West Community Workshops, a large storm cell dropped a significant amount of rain over the Middle Creek watershed. As 
seen in the top part of Figure 2.3.6.3, the largest rainfall depths occur closer to hour 19 (about 7 pm on June 26th). 
Moreover, the observed hydrographs at both gauges do not show the influence from another rainfall event occurring 
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between hours 32 and 36 (8 am to noon on June 27th). For the Maple Grove gauge plot (top part of Figure 2.3.6.3), the 
rate of hydrograph rise between hours 18 and 24 are very similar to the rate of rise in the measured curve between hours 
12 and 18. This is a very good indicator that overland runoff routing parameters have been set reasonably well. For this 
application, the observed hydrograph at the Maple Grove gauge was used in place of the simulated curve. The Maple 
Grove gauge monitors about 75% of the flows passing through the gauge at Hunt Club Road. This means the model is 
being used to route the flows measured at the Maple Grove gauge, and add in the contributing local flows to yield the 
hydrograph at Hunt Club Road. This exercise helps test the performance of the channel routing sub-model, and from the 
comparison between the observed and simulated hydrographs (in the bottom part of Figure 2.3.6.3), these are performing 
quite well, as indicated by the good agreement in the slope of the recession curves, and the general timing of the first 
hydrograph peak. Site specific rainfall data would have greatly improved the results. 
 
Notwithstanding the complexities in both the flow comparisons and meteorological input datasets, as well as determining 
the baseflow seepage and depression storage amounts, the modelling results presented in this section (and the 
attachment to this Appendix) suggest that the formulated model is a reasonably good representation of the hydrology in 
the Hespeler West subwatersheds. We can now turn our attention to applying the model for impact analysis of various 
management and planning options.  
 

 
Figure 2.3.6.1 Observed and simulated hydrographs for May 15-17, 2002 event in West Creek 
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Figure 2.3.6.2 Measured and modelled hydrographs for July 22-24, 2002 event in East Creek 
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Figure 2.3.6.3 Observed and simulated hydrographs for June 26-28, 2002 event in Middle Creek 
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3.0 HYDROLOGIC IMPACT ANALYSIS 

3.1 Outline of Procedures 

The formulated hydrologic models for the Hespeler West subwatersheds, once verified, are now ready for use in 
assessing the impacts of proposed land use changes. How the model is modified to account for the different land use 
scenarios is outlined in the next section. Following this, flood flow estimates are made first by statistical analysis of the 
available flow data, and then by applying return period and Regional Storm events to the model for three scenarios: 
existing conditions, and two future conditions; an interim development scenario and an ultimate development scenario.  A 
meteorological data sequence was applied to the model for determining long-term water balance quantities and extreme 
(high and low) flows resulting from each scenario. Where possible, estimated quantities (e.g., high and low flows, and 
water balance quantities) are compared with those from previous studies or alternative methods. 

3.2 Modifications for Future Conditions 

The existing conditions hydrologic model (Scenario 1) was modified to account for two future scenarios. Scenario 2 
(Interim) represents changes in areas already committed for development (e.g., new residential/industrial areas), and 
includes all subcatchments south of the ‘countryside line’, which begins at the east boundary of the East Creek 
subwatershed, extends west along Maple Grove Road, north along Speedsville Road, and west along Middle Block Road 
to the west boundary of the West Creek subwatershed.  Scenario 3 (Ultimate) depicts a full build-out of all developable 
areas within the three subwatersheds. Scenarios 2 and 3 do not include development in forest, wetland or other 
environmentally sensitive areas.  An arbitrary, conservative buffer of 30 m was applied to these Environmentally Sensitive 
Policy Areas (ESPA’s).  The area delineated by the regulatory floodline for East, Middle and West Creeks was also 
excluded from the developable area.  

Post-development conditions are represented in the hydrological model primarily through changes to the following input 
variables: 

• Increased imperviousness, with a corresponding decrease in pervious area (no changes were made to existing 
wetlands and forest areas). The methodology for estimating impervious areas was outlined in Section 2.2.2.   

• Changes to the drainage network (represented by different flow cross-sections, and subcatchment length and width) 
to reflect post-development conditions. In past applications, this has included modifications to channel routing reaches 
representing future ‘channelization’ efforts, but with recent trends in ‘natural’ approaches in watershed management, 
the existing channel routing reaches remain unaltered.  

The new urban areas in Scenarios 2 and 3 are to be a combination of residential and industrial developments.  Based on 
impervious area calculations performed by the City of Kitchener from digitization of aerial photographs, impervious values 
of 55% for high-density residential, and 88% for industrial, were assumed in the revised impervious area calculations.  
The developable area for each subcatchment was determined by removing the ESPA’s and a 30 m buffer around them.  
The remainder of the undeveloped area was included in the developable area.   

For Scenarios 2 and 3, modifications to the subcatchments were primarily made as increases to impervious areas (e.g. 
Response Unit 1). In cases where the revised impervious values were greater than 10%, adjustments were made to the 
overland flow routing parameters (e.g. decrease in main and off-channel travel times, decrease in overland lag). In 
addition to changes in the imperviousness, all or part of the hummocky area was removed from some subcatchments as 
part of Scenario 3.  Tables 3.2.1, 3.2.2, and 3.2.3 below summarize the impervious area changes to the model 
subcatchments for Scenarios 2 and 3. 
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Table 3.2.1 Impervious Areas Scenarios 2 and 3 – East Creek 
  Scenario 2 Scenario 3 

Catchment Area 
(ha) 

Development 
Type 

Developable 
Area (ha) 

% 
Impervious

Development 
Type 

Developable 
Area (ha) 

% 
Impervious

1101 6.4 None 0.0 4 Industrial 3.7 56 
1103 16.6 None 0.0 9 Industrial 12.8 77 
1105 8.0 None 0.0 3 None 0.0 3 
1110 7.5 None 0.0 4 Industrial 6.2 77 
1115 11.8 None 0.0 2 Industrial 11.4 77 
1117 19.0 None 0.0 2 Industrial 14.9 71 
1120 16.1 None 0.0 0 None 0.0 0 
1125 6.7 None 0.0 0 Industrial 2.6 34 
1130 10.3 None 0.0 0 Industrial 8.9 76 
1135 12.4 Residential 10.1 83 Residential 10.1 83 
1140 13.3 Residential 6.3 48 Residential 6.3 48 
1142 5.2 None 0.0 0 None 0.0 0 
1145 11.8 Residential 9.2 55 Residential 9.2 55 
1150 12.0 Residential 6.0 49 Residential 6.0 49 
1155 2.7 Residential 1.1 48 Residential 1.1 48 
1160 1.1 Residential 0.4 39 Residential 0.4 39 
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Table 3.2.2 Impervious Areas Scenarios 2 and 3 – Middle Creek 

  Scenario 2 Scenario 3 

Catchment Area 
(ha) 

Development 
Type 

Developable 
Area (ha) 

% 
Impervious

Development 
Type 

Developable 
Area (ha) 

% 
Impervious

2101 11.7 None 0.0 2 Industrial 11.4 88 
2105 7.1 None 0.0 5 Industrial 0.3 9 
2110 25.2 None 0.0 1 Industrial 18.6 65 
2115 38.5 None 0.0 5 Industrial 11.2 30 
2120 21.9 None 0.0 12 Industrial 19.8 88 
2125 51.0 Industrial 26.2 52 Industrial 26.2 52 
2130 23.3 Industrial 17.3 71 Industrial 17.3 71 
2135 20.3 Industrial 17.0 80 Industrial 17.0 80 
2136 7.8 Industrial 4.7 54 Industrial 4.7 54 
2137 16.2 Industrial 0.1 1 Industrial 0.1 1 
2138 5.5 Industrial 0.2 6 Industrial 0.2 6 
2139 4.0 Industrial 1.9 47 Industrial 1.9 47 
2140 5.8 Industrial 5.4 82 Industrial 5.4 82 
2141 27.7 Industrial 25.4 85 Industrial 25.4 85 
2142 16.4 Industrial 1.1 6 Industrial 1.1 6 
2143 27.8 Industrial 18.0 61 Industrial 18.0 61 
2145 65.7 Industrial 57.8 88 Industrial 57.8 88 
2150 27.0 Industrial 13.0 45 Industrial 13.0 45 
2155 28.4 Industrial 17.9 62 Industrial 17.9 62 
2160 22.1 Industrial 8.7 38 Industrial 8.7 38 
2165 7.8 Industrial 3.9 46 Industrial 3.9 46 
2170 28.2 Industrial 15.3 49 Industrial 15.3 49 
2172 11.8 Residential 9.9 78 Residential 9.9 78 
2173 12.8 Residential 5.0 47 Residential 5.0 47 
2175 10.6 Residential 6.4 46 Residential 6.4 46 
2180 6.8 Residential 3.2 31 Residential 3.2 31 
2182 20.6 Industrial 6.5 32 Industrial 6.5 32 
2185 22.5 Residential 9.2 46 Residential 9.2 46 
2190 11.5 Residential 3.3 26 Residential 3.3 26 

 



Hespeler West Subwatersheds Study April 2003 
Appendix D Revised September 2004 

 

Planning & Engineering Initiatives Ltd. – File No. K1253 Page 38 

 

Table 3.2.3 Impervious Areas Scenarios 2 and 3 – West Creek 
  Scenario 2 Scenario 3 

Catchment Area 
(ha) 

Development 
Type 

Developable 
Area (ha) 

% 
Impervious

Development 
Type 

Developable 
Area (ha) 

% 
Impervious

3101 15.1 Industrial 15.1 90 Industrial 15.1 90 
3102 19.1 Industrial 19.1 81 Industrial 19.1 81 
3103 4.8 Industrial 4.8 88 Industrial 4.8 88 
3104 21.2 Industrial 14.3 60 Industrial 14.3 60 
3105 7.9 None 0.0 3 None 0.0 3 
3110 4.8 Industrial 3.5 66 Industrial 3.5 66 
3115 2.4 Industrial 0.6 22 Industrial 0.6 22 
3120 4.0 Industrial 4.0 88 Industrial 4.0 88 
3125 5.5 Industrial 4.4 73 Industrial 4.4 73 
3127 3.7 None 0.0 0 None 0.0 0 
3130 11.4 Industrial 9.4 90 Industrial 9.4 90 
3135 11.7 Industrial 10.4 88 Industrial 10.4 88 
3140 5.0 Industrial 0.0 3 Industrial 0.0 3 
3145 2.4 Industrial 0.9 42 Industrial 0.9 42 
3150 7.0 Industrial 6.9 88 Industrial 6.9 88 
3155 5.2 Industrial 1.5 17 Industrial 1.4 17 
3160 10.8 Industrial 8.8 53 Industrial 8.5 53 
3165 2.2 Industrial 2.1 100 Industrial 2.1 100 
3170 1.4 Industrial 1.4 77 Industrial 1.0 77 
3175 6.1 Industrial 5.2 46 Industrial 2.3 46 

 

3.3 Modifications for Pre-Existing Conditions 

The existing conditions hydrological model was also modified to account for historical conditions prior to the development of 
the Toyota Manufacturing site in 1986.  As a result of this development, the site, which comprises a large portion of the 
historic West Creek drainage area, was diverted to the south through Riverside Park.  Toyota is permitted to discharge a 
minor portion of stormwater runoff to West Creek but is currently not exercising this option.  Other portions of the historic 
drainage area north of the Toyota site were diverted either to Middle Creek or to west-flowing watercourses.  Figure 3.3.1 
compares the historical subwatershed boundaries with the existing conditions.  

Modelling of the pre-existing condition was performed to evaluate the effects of the diversion of the West Creek drainage 
areas on flood flows and flow durations in both West and Middle Creeks.  The results were also used to verify the 
hydrological modelling performed for the Toyota Manufacturing site, which determines the volume of stormwater the 
company is permitted to discharge to West Creek.   

Pre-existing conditions were represented in the model with changes to the total area, percent impervious, and drainage 
networks of the West Creek and Middle Creek subcatchments directly affected by the flow diversion.  Table 3.3.1 
summarizes the changes made to the relevant subcatchments for the pre-existing conditions scenario.  Subcatchments 
3101 and 3102 on West Creek were enlarged to account for the historical drainage area, while area was removed from 
subcatchments 2125, 2130 and 2145 on Middle Creek of these subcatchments drained historically to West Creek. 

 

In addition to these changes, channel elements 302 and 303 which represented lengths of the Toyota diversion system 
piping, and reservoir elements 3501 and 3502 which represented the SWM facilities on the Loblaws and Seaforth 
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Creamery sites, were changed to channel elements with a length of 1 m.  The inclusion of these “dummy channels” has 
no effect on the resulting flows but allows these elements to remain in the model so that the overall model structure can 
remain the same.  

 

Table 3.3.1 Modifications for Pre-Existing Scenario 

  Existing Conditions Pre-Existing 
Conditions 

Creek Subcatchment Area (ha) % Imp Area (ha) % Imp 
3101 15.1 90 74.6 2 West 3102 19.1 81.5 156.7 2 
2125 51.0 5.7 0.0 - 
2130 23.3 6.4 20.7 2 Middle 
2145 65.7 88 51.1 2 

 

3.4 Flood Flow Estimates 

The validated hydrologic model was used to generate flood flow estimates resulting from return period events and the 
Regional Storm.  For return period estimates, the 3-hour Chicago storm was applied to the model, using City of Cambridge 
intensity-duration-frequency (IDF) parameters.  Because of the relative size of the Hespeler West subwatersheds, the 
Chicago design storm was selected in preference to other design storm approaches such as Atmospheric Environment 
Service (AES) 12-hour storms.  Design storms of longer duration and lower intensity, such as the AES storms, are more 
appropriate for larger watersheds where overall storm volume, rather than peak intensity, dictates the magnitude of the peak 
flood flow.  This was confirmed with preliminary GAWSER modelling for the East, Middle and West Creek subwatersheds, 
which showed that peak flows resulting from the AES 12-hour, 30% storm were significantly lower than those generated 
using the 3-hour Chicago storm.   The Chicago storm was therefore selected to generate more conservative return period 
flood flow estimates.  The resulting peak flows are also more relevant to future development planning in the watershed, 
which will likely require stormwater management strategies based on modelling with Chicago storm parameters. 

Table 3.4.1 gives the 3-hour volumes and the fitted IDF curve constants used to develop the Chicago storm patterns for each 
return period event.  The Regional Storm was based on the 48-hour Hurricane Hazel rainfall pattern.  The Regional Storm 
pattern is summarized in Table 3.4.2.  When running the Regional Storm, the model parameters were set at their October 
values (Refer to Table 2.3.5), which are considered 'normal' for Regional Storm applications.  Because the full 48-hour 
storm pattern was used, the initial soil-water contents were set at field capacity. 

 

Table 3.4.1  Chicago Storm Event Characteristics 

  IDF Parameters 
Return Period 
(Years) 

3-Hour Volume 
(mm) A B C 

2 27.6 1778 13 1.000 
5 37.7 2463.8 16 1.000 
10 51.8 3454.4 20 1.000 
25 69.0 2530.0 18.8 0.8883 
50 77.7 2290.0 14.2 0.8508 
100 105.2 1977.8 10.8 0.7680 

 

Table 3.4.1  Regional Rainfall Pattern Specified for use in this Study 

Event Time 
Step 

 
Rainfall amounts (mm) for hour ending 

Pattern
Total 
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 (min) 1 2 3 4 5 6 7 8 9 10 11 12 (mm) 
Regional 60 2 2 2 2 2 2 2 2 2 2 2 2  
(48 h)  2 2 2 2 2 2 2 2 2 2 2 2  
  2 2 2 2 2 2 2 2 2 2 2 3  
  6 4 6 13 17 13 23 13 13 53 38 13 285.0 

 

The flood flows resulting from existing conditions simulations with the validated model are summarized in Table 3.4.3.  
The results for Scenario 2 are given in Table 3.3.4.  For Scenario 3 the flows without SWM controls are listed in Table 
3.4.6 and with SWM controls in Table 3.4.7.   Flood flows for the pre-existing (pre-Toyota development) conditions are 
given in Table 3.4.8. 
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Table 3.4.3  Summary of Flood Flow Estimates: Hespeler West Subwatersheds Study                                             
             Existing Conditions (Scenario 1)                             
 
 
 
                                          Area             Peak Flows (m^3/s) 
  No. Point of Interest                   km^2     25 mm     1:2 yr      1:5       1:10      1:25      1:50     1:100      Reg  
 ============================================================================================================================== 
 1503 East Ck - Headwater Pond            0.309     0.043     0.084     0.237     0.459     0.699     0.850     1.310     1.840 
 1210 East Ck at Mohawk Road              0.384     0.044     0.090     0.266     0.545     0.851     1.050     1.690     2.440 
 1213 East Ck at Node 1213                0.502     0.044     0.090     0.266     0.545     0.851     1.050     1.690     3.420 
 1232 East Ck: Lower Wetland              1.279     0.721     0.920     1.550     2.390     3.130     3.720     5.040     7.490 
 1225 East Ck at Maple Grove Rd           1.023     0.009     0.027     0.094     0.190     0.282     0.350     1.700     6.180 
 1235 East Ck at Beaverdale Rd            1.332     0.715     0.910     1.550     2.400     3.130     3.750     5.040     7.850 
 1255 East Ck at Speed R outlet           1.607     1.210     1.520     2.560     3.960     5.220     6.140     8.340    10.300 
 2215 Middle Ck at Block Road             1.044     0.672     0.862     1.540     2.450     3.300     3.920     5.460     6.450 
 2228 Middle Ck at Station 11+25          2.069     0.238     0.348     0.729     1.300     1.920     2.340     3.550     6.430 
 2235 Middle Ck at Station 16+25          2.285     0.239     0.364     0.786     1.430     2.130     2.610     4.000     7.810 
 2240 Middle Ck at Node 2240              3.759     0.498     0.978     2.540     4.630     7.260     8.730    13.100    19.400 
 2245 Middle Ck at Maple Grove Rd         4.029     0.527     1.040     2.710     4.970     7.800     9.410    14.200    21.200 
 2260 Middle Ck at Briardean Rd           4.612     0.654     1.240     3.180     5.820     9.110    11.000    16.600    25.000 
 2262 Middle Ck d/s Briardean Rd          4.894     0.701     1.320     3.390     6.200     9.700    11.700    17.800    26.900 
 2265 Middle Ck - Inlet Farm Pond         5.140     0.746     1.400     3.590     6.580    10.400    12.500    19.100    28.600 
 2275 Middle Ck at Hunt Club Rd           5.314     1.040     1.440     3.680     6.790    11.000    13.200    20.100    30.000 
 2285 Middle Ck at Speed R Outlet         5.860     0.933     1.490     3.640     6.660    10.300    12.700    19.300    31.000 
 3501 West Ck - Loblaws SWM Pond          0.151     0.064     0.084     0.216     0.441     0.688*    0.818*    1.210*    1.470* 
 3502 Outlet Seaforth SWM Pond            0.191     0.146     0.244     0.684     1.320     1.940     2.340     3.370     2.430 
 3204 West Ck Start Toyota Divers.        0.680     0.237     0.469     1.320     2.510     3.710     4.430     6.410     6.480 
 3210 West Ck u/s ATS Site                0.848     0.239     0.485     1.440     2.820     4.240     5.110     7.620     8.030 
 3505 Outlet ATS SWM Pond                 0.114     0.044     0.047     0.124     0.458     0.841     1.070     1.700     1.430 
 3235 West Ck at Royal Oak Rd             1.222     0.296     0.563     1.630     3.510     5.460     6.630    10.200    11.400 
 3245 West Ck at Highway 401              1.382     0.360     0.592     1.630     3.410     5.330     6.450    10.000    12.500 
 3247 West Ck at Hal Rogers Drive         1.403     0.408     0.593     1.630     3.430     5.380     6.510    10.100    12.700 
 3255 West Ck at Speed R Outlet           1.477     0.663     0.714     1.650     3.370     5.340     6.510    10.200    13.000 
 ============================================================================================================================== 
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Table 3.4.4 Summary of Flood Flow Estimates: Hespeler West Subwatersheds Study 
             Scenario 2 (with no controls)                                
 
 
 
                                          Area             Peak Flows (m^3/s) 
  No. Point of Interest                   km^2     25 mm     1:2 yr      1:5       1:10      1:25      1:50     1:100      Reg  
 ============================================================================================================================== 
 1503 East Ck - Headwater Pond            0.309     0.043     0.084     0.237     0.459     0.699     0.850     1.310     1.840 
 1210 East Ck at Mohawk Road              0.384     0.044     0.090     0.266     0.545     0.851     1.050     1.690     2.440 
 1213 East Ck at Node 1213                0.502     0.044     0.090     0.266     0.545     0.851     1.050     1.690     3.420 
 1232 East Ck: Lower Wetland              1.279     1.310     1.510     2.120     2.920     3.590     4.200     5.470     7.550 
 1225 East Ck at Maple Grove Rd           1.023     0.009     0.027     0.094     0.190     0.282     0.350     1.700     6.180 
 1235 East Ck at Beaverdale Rd            1.332     1.290     1.490     2.110     2.920     3.610     4.210     5.450     7.910 
 1255 East Ck at Speed R outlet           1.607     2.150     2.530     3.670     5.230     6.600     7.630    10.100    10.400 
 2215 Middle Ck at Block Road             1.044     0.672     0.862     1.540     2.450     3.300     3.920     5.460     6.450 
 2228 Middle Ck at Station 11+25          2.069     4.300     4.960     7.080     9.820    12.100    14.000    17.800    13.200 
 2235 Middle Ck at Station 16+25          2.285     4.240     4.890     7.040     9.900    12.300    14.200    18.300    14.500 
 2240 Middle Ck at Node 2240              3.759     5.800     6.890    11.000    16.600    21.700    24.900    33.500    29.700 
 2245 Middle Ck at Maple Grove Rd         4.029     6.120     7.310    11.700    17.600    23.200    26.700    35.900    32.600 
 2260 Middle Ck at Briardean Rd           4.612     6.750     8.070    12.700    19.600    26.100    29.900    40.200    38.500 
 2262 Middle Ck d/s Briardean Rd          4.894     7.030     8.450    13.300    20.400    27.400    31.400    42.200    41.400 
 2265 Middle Ck - Inlet Farm Pond         5.140     7.270     8.750    13.800    21.100    28.500    32.700    43.900    44.000 
 2275 Middle Ck at Hunt Club Rd           5.314     7.580     8.930    14.100    21.700    29.400    33.600    45.100    45.800 
 2285 Middle Ck at Speed R Outlet         5.860     6.920     8.080    12.500    19.800    26.300    30.100    41.200    45.400 
 3501 West Ck - Loblaws SWM Pond          0.151     0.064     0.080     0.211     0.436     0.682*    0.813*    1.200*    1.470* 
 3502 Outlet Seaforth SWM Pond            0.191     0.047     0.053     0.130     0.722     1.360     1.730     2.800     2.380 
 3204 West Ck Start Toyota Divers.        0.680     1.260     1.540     2.210     3.020     4.260     5.100     8.490     7.550 
 3210 West Ck u/s ATS Site                0.848     1.330     1.710     2.740     4.130     5.380     6.510    10.300     9.420 
 3505 Outlet ATS SWM Pond                 0.114     0.044     0.047     0.124     0.459     0.842     1.070     1.700     1.430 
 3235 West Ck at Royal Oak Rd             1.222     1.680     1.980     3.280     5.140     7.410     9.040    13.800    13.400 
 3245 West Ck at Highway 401              1.382     1.650     2.060     3.280     4.970     7.340     8.980    13.700    14.300 
 3247 West Ck at Hal Rogers Drive         1.403     1.680     2.080     3.310     5.020     7.400     9.060    13.800    14.500 
 3255 West Ck at Speed R Outlet           1.477     1.830     2.070     3.290     5.060     7.490     9.130    13.900    14.900 
 ============================================================================================================================== 
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Table 3.4.5 Summary of Flood Flow Estimates: Hespeler West Subwatersheds Study     
             Scenario 3 (Ultimate, no controls)                           
 
 
 
                                          Area             Peak Flows (m^3/s) 
  No. Point of Interest                   km^2     25 mm     1:2 yr      1:5       1:10      1:25      1:50     1:100      Reg  
 ============================================================================================================================== 
 1503 East Ck - Headwater Pond            0.309     0.522     0.626     0.999     1.510     1.990     2.290     3.110     3.200 
 1210 East Ck at Mohawk Road              0.384     0.613     0.739     1.190     1.880     2.500     2.880     4.030     4.030 
 1213 East Ck at Node 1213                0.502     0.613     0.739     1.190     1.880     2.500     2.880     6.150     5.380 
 1225 East Ck at Maple Grove Rd           1.023     0.581     0.662     0.911     1.230     1.480     2.280     5.080     9.270 
 1232 East Ck: Lower Wetland              1.279     1.550     1.730     2.430     3.380     4.180     4.900     6.550    11.500 
 1235 East Ck at Beaverdale Rd            1.332     1.550     1.730     2.440     3.380     4.180     4.910     6.600    11.800 
 1255 East Ck at Speed R outlet           1.607     2.400     2.720     3.940     5.650     7.070     8.250    11.100    14.500 
 2215 Middle Ck at Block Road             1.044     2.830     3.260     4.830     6.870     8.660    10.000    13.600    11.500 
 2228 Middle Ck at Station 11+25          2.069     4.300     4.960     7.080     9.820    12.100    14.000    17.800    13.400 
 2235 Middle Ck at Station 16+25          2.285     4.240     4.890     7.040     9.900    12.300    14.200    18.300    14.700 
 2240 Middle Ck at Node 2240              3.759     6.290     7.410    11.600    17.200    22.200    25.500    34.300    30.100 
 2245 Middle Ck at Maple Grove Rd         4.029     6.600     7.830    12.300    18.300    23.600    27.100    36.700    33.000 
 2260 Middle Ck at Briardean Rd           4.612     7.250     8.620    13.400    19.900    26.400    30.400    41.000    38.900 
 2262 Middle Ck d/s Briardean Rd          4.894     7.530     8.990    13.900    20.800    27.700    31.800    42.900    41.800 
 2265 Middle Ck - Inlet Farm Pond         5.140     7.760     9.300    14.400    21.500    28.800    33.100    44.600    44.400 
 2275 Middle Ck at Hunt Club Rd           5.314     7.930     9.480    14.700    22.000    29.600    34.000    45.800    46.200 
 2285 Middle Ck at Speed R Outlet         5.860     7.260     8.450    13.000    20.000    26.600    30.500    41.800    45.800 
 3501 West Ck - Loblaws SWM Pond          0.151     0.064     0.084     0.216     0.441     0.688*    0.818*    1.210*    1.470* 
 3502 Outlet Seaforth SWM Pond            0.191     0.142     0.239     0.678     1.320     1.930     2.330     3.360     2.430 
 3204 West Ck Start Toyota Divers.        0.680     1.280     1.560     2.230     3.510     5.090     5.940     9.150     7.590 
 3210 West Ck u/s ATS Site                0.848     1.350     1.740     2.770     4.360     6.340     7.470    11.000     9.470 
 3505 Outlet ATS SWM Pond                 0.114     0.044     0.047     0.124     0.459     0.842     1.070     1.700     1.430 
 3235 West Ck at Royal Oak Rd             1.222     1.680     2.000     3.310     5.500     8.240     9.920    14.700    13.400 
 3245 West Ck at Highway 401              1.382     1.670     2.050     3.220     5.470     7.990     9.630    14.300    14.400 
 3247 West Ck at Hal Rogers Drive         1.403     1.690     2.080     3.260     5.510     8.060     9.720    14.500    14.500 
 3255 West Ck at Speed R Outlet           1.477     1.820     2.070     3.270     5.510     8.120     9.770    14.500    15.000 
 ============================================================================================================================== 
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Table 3.4.6 Summary of Flood Flow Estimates: Hespeler West Subwatersheds Study     
             Scenario 3 (Ultimate with Controls)                            
 
 
 
                                          Area             Peak Flows (m^3/s) 
  No. Point of Interest                   km^2     25 mm     1:2 yr      1:5       1:10      1:25      1:50     1:100      Reg  
 ============================================================================================================================== 
 1503 East Ck - Headwater Pond            0.309     0.039     0.064     0.289     0.532     0.777     0.930     1.370     2.860 
 1210 East Ck at Mohawk Road              0.384     0.047     0.072     0.359     0.699     1.050     1.250     1.890     3.540 
 1213 East Ck at Node 1213                0.502     0.047     0.072     0.359     0.699     1.050     1.250     1.890     4.710 
 1232 East Ck: Lower Wetland              1.279     0.036     0.268     1.300     2.290     3.240     3.640     5.050     9.240 
 1225 East Ck at Maple Grove Rd           1.023     0.011     0.027     0.095     0.191     0.283     0.855     2.460     7.970 
 1235 East Ck at Beaverdale Rd            1.332     0.038     0.219     1.190     2.270     3.130     3.580     5.070     9.570 
 1255 East Ck at Speed R outlet           1.607     0.085     0.295     1.630     3.400     4.980     5.540     8.200    12.200 
 2215 Middle Ck at Block Road             1.044     0.150     0.377     1.210     2.260     3.450     3.800     5.400    10.800 
 2228 Middle Ck at Station 11+25          2.069     0.108     0.358     0.862     1.520     2.170     2.590     3.810    12.000 
 2235 Middle Ck at Station 16+25          2.285     0.115     0.366     0.902     1.610     2.310     2.780     4.140    13.400 
 2240 Middle Ck at Node 2240              3.759     0.356     0.716     2.210     4.110     6.610     7.940    12.100    28.400 
 2245 Middle Ck at Maple Grove Rd         4.029     0.374     0.779     2.440     4.530     7.250     8.730    13.300    31.100 
 2260 Middle Ck at Briardean Rd           4.612     0.418     0.969     2.910     5.540     8.760    10.500    15.900    36.500 
 2262 Middle Ck d/s Briardean Rd          4.894     0.440     1.070     3.160     6.010     9.470    11.400    17.200    39.100 
 2265 Middle Ck - Inlet Farm Pond         5.140     0.465     1.150     3.410     6.490    10.300    12.300    18.600    40.900 
 2275 Middle Ck at Hunt Club Rd           5.314     0.477     1.130     3.470     6.660    10.700    12.900    19.600    42.300 
 2285 Middle Ck at Speed R Outlet         5.860     0.478     0.963     3.340     6.680    10.600    12.800    19.400    42.400 
 3501 West Ck - Loblaws SWM Pond          0.151     0.064     0.084     0.216     0.441     0.688*    0.818*    1.210*    1.470* 
 3502 Outlet Seaforth SWM Pond            0.191     0.047     0.053     0.130     0.722     1.360     1.730     2.800     2.380 
 3204 West Ck Start Toyota Divers.        0.680     0.111     0.136     0.799     1.980     3.010     3.630     5.440     7.000 
 3210 West Ck u/s ATS Site                0.848     0.127     0.213     1.010     2.420     3.790     4.590     6.880     8.620 
 3505 Outlet ATS SWM Pond                 0.114     0.044     0.047     0.124     0.459     0.842     1.070     1.700     1.430 
 3235 West Ck at Royal Oak Rd             1.222     0.198     0.352     1.340     3.250     5.180     6.280     9.610    12.300 
 3245 West Ck at Highway 401              1.382     0.212     0.338     1.270     3.180     5.190     6.280     9.630    13.400 
 3247 West Ck at Hal Rogers Drive         1.403     0.220     0.340     1.270     3.190     5.210     6.310     9.700    13.500 
 3255 West Ck at Speed R Outlet           1.477     0.231     0.354     1.280     3.160     5.190     6.320     9.770    13.800 
 ============================================================================================================================== 
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Table 3.4.7 Summary of Flood Flow Estimates: Hespeler West Subwatersheds Study     
             Pre-Existing Conditions Scenario 
 
 
 
                                          Area             Peak Flows (m^3/s) 
 No. Point of Interest                   km^2     25 mm     1:2 yr      1:5       1:10      1:25      1:50     1:100       Reg. 
 ============================================================================================================================== 
 1503 East Ck - Headwater Pond            0.309     0.043     0.084     0.237     0.459     0.699     0.850     1.310     1.840  
 1210 East Ck at Mohawk Road              0.384     0.044     0.090     0.266     0.545     0.851     1.050     1.690     2.440  
 1213 East Ck at Node 1213                0.502     0.044     0.090     0.266     0.545     0.851     1.050     1.690     3.420  
 1232 East Ck: Lower Wetland              1.279     0.721     0.920     1.550     2.390     3.130     3.720     5.040     7.490  
 1225 East Ck at Maple Grove Rd           1.023     0.009     0.027     0.094     0.190     0.282     0.350     1.700     6.180  
 1235 East Ck at Beaverdale Rd            1.332     0.715     0.910     1.550     2.400     3.130     3.750     5.040     7.850  
 1255 East Ck at Speed R outlet           1.607     1.210     1.520     2.560     3.960     5.220     6.140     8.340    10.300  
 2215 Middle Ck at Block Road             1.044     0.672     0.862     1.540     2.450     3.300     3.920     5.460     6.450  
 2228 Middle Ck at Station 11+25          1.533     0.117     0.203     0.564     1.070     1.590     1.940     2.890     4.090  
 2235 Middle Ck at Station 16+25          1.750     0.121     0.214     0.633     1.210     1.820     2.200     3.410     5.520  
 2240 Middle Ck at Node 2240              3.083     0.392     0.647     1.590     2.970     4.380     5.350     8.140    13.900  
 2245 Middle Ck at Maple Grove Rd         3.353     0.423     0.707     1.770     3.330     4.920     6.000     9.230    15.600  
 2260 Middle Ck at Briardean Rd           3.937     0.571     0.926     2.240     4.200     6.200     7.560    11.600    19.400  
 2262 Middle Ck d/s Briardean Rd          4.219     0.625     1.010     2.440     4.590     6.790     8.280    12.800    21.200 
 2265 Middle Ck - Inlet Farm Pond         4.464     0.755     1.110     2.650     4.990     7.430     9.090    14.200    22.900  
 2275 Middle Ck at Hunt Club Rd           4.638     1.030     1.310     2.780     5.250     8.030     9.760    15.200    24.400  
 2285 Middle Ck at Speed R Outlet         5.184     0.947     1.320     2.870     5.230     7.760     9.330    14.800    25.500  
 3501 West Ck - Loblaws SWM Pond          0.746     0.251     0.321     0.570     0.925     1.300     1.520     2.200     3.960  
 3502 Outlet Seaforth SWM Pond            1.570     0.989     1.230     2.050     3.210     4.370     5.080     7.150    10.800  
 3204 West Ck Start Toyota Divers.        2.655     1.040     1.410     2.830     4.480     6.260     7.350    10.600    17.300  
 3210 West Ck u/s ATS Site                2.822     1.060     1.420     2.920     4.770     6.670     7.870    11.400    18.600  
 3505 Outlet ATS SWM Pond                 0.114     0.045     0.048     0.143     0.544     1.000     1.280     2.050     1.550  
 3235 West Ck at Royal Oak Rd             3.196     1.140     1.500     3.170     5.490     7.810     9.270    13.500    21.500  
 3245 West Ck at Highway 401              3.356     1.160     1.550     3.080     5.330     7.710     9.160    13.500    22.300  
 3247 West Ck at Hal Rogers Drive         3.377     1.160     1.550     3.090     5.340     7.740     9.200    13.500    22.400  
 3255 West Ck at Speed R Outlet           3.451     1.170     1.560     3.070     5.320     7.740     9.210    13.600    22.600  
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As there are no long-term stream flow measurements for East, Middle or West Creek from which to conduct 
frequency analyses to compare the actual return interval for the full range of expected flood flows, a more 
regionally-based analysis was required using information from other studies.  One set of flood flows 
estimates was generated using continuous hydrological modelling, using data from the Speed and Eramosa 
Rivers Floodline Mapping Study (Ecologistics, 1988) where a large known rainfall pattern was selected and 
its volume adjusted to match the return period flows at gauges where frequency analyses has been 
conducted.  Another set of predictions was obtained from the Index Flood Method, as described below. 

Index Flood Method:  Moin and Shaw (1986) developed regional flood flow estimates based on 
regression analyses of observed index floods (e.g., 2 year) for the whole province.  For their Region 4, 
which contains the Hespeler West subwatersheds, the index is computed as: 

 Q2  = 0.71 (drainage area) 0.842 

Where Q2 is the index flood (in m3/s) and the drainage area is in km2.  The remaining return period flood 
flows (5 through 100 year) are taken as ratios of the Index Flood.  The applicable ratios for Region 4 are 
given below. 

Index Q2  Q5 Q10 Q20  Q50 Q100 

Ratio 1.00 1.32 1.57 1.82 2.14 2.38 

Index methods do not give value for the Region Storm flow.  According to MNR’s Floodplain Mapping 
Guidelines this estimate must be produced through simulation.  Generally, from our experience, the 
Regional Storm peak flow is about 2.5 to 4 times the 100-year flow.  Hence, to complete Tables 3.4.8, 
3.4.9 and 3.4.10 for the Index Flood Method, the Regional peak flow is taken as 3.3 times the 100-year 
flow. 

A comparison of peak flows at the East, Middle and West Creek outlets generated using the various 
methods outlined in this section is given in the tables below. The event modeling flood flows are taken 
from the results of Scenario 1 (existing conditions).   

 

Table 3.4.8 Comparison of estimated flows for East Creek (all peak flows in m3/s) 
Return 
Period 
(Years) 

From 
Event 

Modelling 

From 
Continuous 
Modelling 

Index 
Flood 

Method 
2 1.52 0.69 1.05 
5 2.56 1.28 1.39 
10 3.96 1.55 1.65 
20 - 1.81 1.92 
25 5.22 1.89 - 
50 6.14 2.15 2.26 
100 8.34 2.42 2.51 
Regional Storm 10.30 - 8.35* 

* 3.3 times the 100-year flow, based on typical Regional Storm peak flow of 2.5 to 4 times 100-year flow 
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Table 3.4.8 Comparison of estimated flows for Middle Creek (all peak flows in m3/s) 
Return 
Period 
(Years) 

From 
Event 

Modelling 

From 
Continuous 
Modelling 

Index 
Flood 

Method 
2 1.49 3.30 3.23 
5 3.64 4.65 4.27 
10 6.66 5.46 5.07 
20 - 6.19 5.88 
25 10.30 6.41 - 
50 12.70 7.07 6.92 
100 19.30 7.71 7.69 
Regional Storm 31.00 - 25.62 

* 3.3 times the 100-year flow, based on typical Regional Storm peak flow of 2.5 to 4 times 100-year flow 

 

Table 3.4.8 Comparison of estimated flows for West Creek (all peak flows in m3/s)  

Return 
Period 
(Years) 

From 
Event 

Modelling 

From 
Continuous 
Modelling 

Index 
Flood 

Method 
2 0.71 0.99 1.01 
5 1.65 1.56 1.33 
10 3.37 1.97 1.58 
20 - 2.39 1.84 
25 5.34 2.53 - 
50 6.51 2.97 2.16 
100 10.20 3.43 2.40 
Regional Storm 13.00 - 7.99 

* 3.3 times the 100-year flow, based on typical Regional Storm peak flow of 2.5 to 4 times 100-year flow 

Table 3.4.8, illlustrates that there is acceptable agreement (generally within +15%) between the results from 
the Index Flood Method and the continuous modelling, while the results from the event modelling are 
substantially higher. The main reason for this lies in the difference in computational time steps in event 
modelling compared to continuous modelling. For the event modelling, the return period flood flows were 
generated using Chicago storms discretized into five-minute intervals, and the Regional Storm runs were 
made using a 15 minute time step. For the continuous simulations, the computational time step was dictated 
by the available long-term meteorological data set, which had hourly rainfall depths. Consequently, the 
rainfall inputs for the event modelling had consistently higher rainfall intensities.  In addition, the event 
modelling suggests that the magnitude of the 100-year return period flood flow is nearly indentical in 
magnitude to the Regional Storm flood flow.  This is due to the small size of the subcatchments being 
modelled and the short duration and high intensity of the return period events compared to the Regional 
Storm.  The 100-year return period Chicago storm has a total rainfall volume of only 105.2 mm but a 
maximum rainfall intensity of 237.5 mm/hr, while the Regional storm has a total volume of 212 mm but a 
maximum rainfall intensity of only 53 mm/hr.  Given the fast time to peak of the relatively small East, Middle 
and West Creek subwatersheds, the peak flow from the 100-year storm approaches that of the Regional 
Storm despite the difference in overall rainfall volume.   

The Index Flood Method is not expected to be highly accurate for small subwatershed areas such as East, 
Middle, and West Creeks, as the method was developed using observed return period flood flow estimates 
from a number of watersheds in Southwestern Ontario which range from 10 to 100 times larger than those 
in the study.  Nevertheless there is good agreement of the Index Flood flows with the the results of the 
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continuous modelling, which suggests that the magnitude of both sets of predicted flood flows is 
appropriate.  The discrepancies between return period modelling and the other flow predictions can largely 
be attributed to differences in distribution and rainfall intensity of the simulated event.  For the Hespler West 
subwatersheds, the flood flows generated by the Chicago storm patterns are comparable to other small 
subwatersheds in the general vicinity of Forbes Creek subwatershed (e.g. Torrance Creek to the East in 
Guelph, Blair Creek to the west) for like type soil and land cover conditions, which suggests that return 
period flood flows are being modelled with a fair degree of accuracy. 

Hydrologic modelling was also performed to investigate the effects on flood flows of certain wetland storage 
areas located on the East Creek and Middle Creek.  These wetlands, modelled as storage elements 1503, 
1510, and 2504 in the GAWSER model, are currently storage areas for upstream drainage because of 
culverts and road embankments at the downstream end of the wetlands that contain and control flood flows.  
1503 is located upstream of and is contained by Mohawk Road on East Creek, 1510 is upstream of Maple 
Grove Road on East Creek, and 2504 is upstream of Middle Block Road on Middle Creek.  In order to 
determine the effect of embankment storage on flood flows for the Regulatory floodline, the ultimate 
conditions scenario (with SWM controls) was run both with and without the embankment storage elements 
included in the model.  A comparison of the Regional flows under each scenario at key locations is provided 
in Table 3.4.9. 

 

Table 3.4.9 Regional Flow Comparisons 

Node/Location 
Ultimate Conditions with 

controls and embankment 
storage (m3/s) 

Ultimate Conditions with 
controls, no embankment 

storage (m3/s) 
East Creek at Mohawk Road 3.54 3.74 
East Creek at Maple Grove Road 7.97 9.53 
East Creek at Beaverdale Road 9.57 12.1 
East Creek at Speed River Outlet 12.2 14.6 

0Middle Creek at Station 16+25 13.4 23.7 
Middle Creek at Maple Grove Road 31.1 43.1 
Middle Creek at Briardean Road 36.5 48.2 
Middle Creek at Hunt Club Road 42.3 53.7 
Middle Creek at Speed River Outlet 42.4 53.5 

 

Based on the results of the GAWSER modelling, it can be seen in Table 3.4.9 that the embankment 
wetlands on Middle Creek and East Creek significantly attenuate flood flows.  In the future, the controlling 
culvert and embankment structures of these ponding areas may be upgraded or modified, which will 
affect storage characteristics and possibly eliminate any flow attenuation effects.  Therefore, the flood 
flows simulated without embankment storage were used to determine regulatory floodlines for East Creek 
and Middle Creek.  Floodplain mapping for West Creek is based on the results of the original ultimate 
conditions with SWM controls scenario (Table 3.4.6).  Details and results of the floodplain modeling are 
provided in Section B.3.0 and Appendix E. 

3.5 Water Balance Assessment:  Long Term Simulations 

The 39-year meteorological dataset was applied to the existing condition Hespeler West hydrologic 
models.  Table 3.5.1 gives the mean annual water balance quantities for 5 locations within the 
subwatershed for existing conditions.  The listed represent the areal mean values for the drainage areas 
upstream of the stated location.  Tables 3.5.2  to 3.5.4 display the values for Scenario 2 and for Scenario 
3 with and without SWM controls. 
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Table 3.5.1 Water Balance Summary for East, Middle and West Creeks: Scenario 1 - Existing Conditions           
 
                                         Drainage           Water Balance Quantities (in mm) 
                                           Area                                Infiltration       Total 
  Number   Location                       (km^2)  Precip   ET/SUB  Runoff  (Baseflow)(NetStorage)  Flow 

    1210 East Creek at Mohawk Road        0.3842   882.1    514.0    88.1     121.8     158.2     209.8 
    1225 East Creek at Maple Grove Rd     1.0233   882.1    537.0    36.1      74.2     234.8     110.3 
    1235 East Creek at Node 1235          1.3315   882.1    534.5    70.5     268.6       8.5     339.1 
    1240 East Creek at Beaverdale Road    1.4495   882.1    529.5    89.7     253.9       9.0     343.6 
    1255 East Creek at Speed R outlet     1.6070   882.1    532.6    97.8     240.9      10.7     338.8 
    2504 Middle Ck at Middle Block Road   1.0439   882.1    552.2   116.9     138.6      74.4     255.4 
    2228 Middle Ck at Node 2228           2.0686   882.1    556.6   127.1     148.4      50.0     275.5 
    2245 Middle Ck at Maple Grove Road    4.2192   882.1    492.2   210.0     122.9      56.9     332.9 
    2250 Middle Ck at Speedsville Road    4.5032   882.1    497.0   205.8     125.0      54.3     330.8 
    2275 Middle Ck at Hunt Club Road      5.5040   882.1    509.8   192.0     127.4      52.8     319.5 
    2285 Middle Ck at Speed R outlet      6.0500   882.1    512.7   185.6     163.3      20.4     348.9 
    3501 West Creek: Loblaws SWM Pond     0.1510   882.1    213.0   659.5      10.1      -0.6     669.6 
    3502 West Creek: Seaforth SWM Pond    0.1910   882.1    248.8   612.5      19.0       1.8     631.5 
    3505 Outflow ATS SWM Pond             0.1140   882.1    214.2   644.1      26.3      -2.5     670.4 
    3235 West Creek at Royal Oak Road     1.2220   882.1    434.0   301.0     108.4      38.6     409.5 
    3245 West Creek u/s Highway 401       1.3816   882.1    448.5   287.9     108.8      36.9     396.7 
    3250 West Creek at Hal Rogers Drive   1.4166   882.1    445.2   293.5     132.7      10.7     426.2 
    3255 West Creek at Speed R outlet     1.4772   882.1    448.7   291.3     130.7      11.3     422.0 
 
 
 
Table 3.5.2 Water Balance Summary for East, Middle and West Creeks: Scenario 2 (Interim) without controls 
 
                                            Drainage           Water Balance Quantities (in mm) 
                                               Area                                Infiltration       Total 
  Number   Location                           (km^2)  Precip   ET/SUB  Runoff  (Baseflow)(NetStorage)  Flow 

    1210 East Creek at Mohawk Road            0.3842   882.1    514.0    88.1     121.8     158.2     209.8 
    1225 East Creek at Maple Grove Rd         1.0233   882.1    537.0    36.1      74.2     234.8     110.3 
    1235 East Creek at Node 1235              1.3315   882.1    534.5    70.5     268.6       8.5     339.1 
    1240 East Creek at Beaverdale Road        1.4495   882.1    484.2   153.0     238.4       6.6     391.3 
    1255 East Creek at Speed R outlet         1.6070   882.1    474.5   178.7     221.6       7.2     400.3 
    2504 Middle Ck at Middle Block Road       1.0439   882.1    552.2   116.9     138.6      74.4     255.4 
    2228 Middle Ck at Node 2228               2.0686   882.1    437.9   304.0      95.2      44.9     399.2 
    2245 Middle Ck at Maple Grove Road        4.2192   882.1    386.8   367.5      76.4      51.4     443.9 
    2250 Middle Ck at Speedsville Road        4.5032   882.1    383.4   374.6      75.8      48.3     450.4 
    2275 Middle Ck at Hunt Club Road          5.5040   882.1    383.7   376.7      76.3      45.4     453.0 
    2285 Middle Ck at Speed R outlet          6.0500   882.1    386.5   367.2     116.5      11.8     483.7 
    3501 West Creek: Loblaws SWM Pond         0.1510   882.1    221.5   648.6      12.1       0.0     660.6 
    3502 West Creek: Seaforth SWM Pond        0.1910   882.1    591.4   162.8     102.9      25.0     265.7 
    3505 Outflow ATS Swm Pond                 0.1140   882.1    213.8   644.8      26.0      -2.5     670.8 
    3235 West Creek at Royal Oak Road         1.2220   882.1    338.2   437.1      57.6      49.2     494.7 
    3245 West Creek u/s Highway 401           1.3816   882.1    347.3   432.3      59.9      42.5     492.2 
    3250 West Creek at Hal Rogers Drive       1.4166   882.1    343.9   438.0      94.7       5.6     532.6 
    3255 West Creek at Speed R outlet         1.4772   882.1    345.9   437.3      92.9       6.0     530.2 
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Table 3.5.3 Water Balance Summary for East, Middle and West Creeks: Scenario 3 (Ultimate) without controls 
 
                                             Drainage           Water Balance Quantities (in mm) 
                                               Area                                Infiltration       Total 
  Number   Location                           (km^2)  Precip   ET/SUB  Runoff  (Baseflow)(NetStorage)  Flow 

    1210 East Creek at Mohawk Road            0.3842   882.1    290.7   369.8      43.8     177.8     413.6 
    1225 East Creek at Maple Grove Rd         1.0233   882.1    318.2   189.6      32.9     341.4     222.5 
    1235 East Creek at Node 1235              1.3315   882.1    534.5    70.5     268.6       8.5     339.1 
    1240 East Creek at Beaverdale Road        1.4495   882.1    329.7   261.2     288.0       3.1     549.2 
    1255 East Creek at Speed R outlet         1.6070   882.1    335.2   276.4     266.3       4.3     542.6 
    2504 Middle Ck at Middle Block Road       1.0439   882.1    334.0   431.5      61.2      55.3     492.7 
    2228 Middle Ck at Node 2228               2.0686   882.1    327.8   462.8      56.2      35.4     518.9 
    2245 Middle Ck at Maple Grove Road        4.2192   882.1    323.0   460.3      52.7      46.0     513.0 
    2250 Middle Ck at Speedsville Road        4.5032   882.1    323.6   461.5      53.6      43.3     515.1 
    2275 Middle Ck at Hunt Club Road          5.5040   882.1    334.8   447.7      58.1      41.6     505.7 
    2285 Middle Ck at Speed R outlet          6.0500   882.1    342.0   428.5      97.7      13.8     526.2 
    3501 West Creek: Loblaws SWM Pond         0.1510   882.1    213.0   659.3      10.1      -0.3     669.4 
    3502 West Creek: Seaforth SWM Pond        0.1910   882.1    591.4   162.8     102.9      25.0     265.7 
    3505 Outflow ATS Swm Pond                 0.1140   882.1    213.8   644.8      26.0      -2.5     670.8 
    3235 West Creek at Royal Oak Road         1.2220   882.1    337.2   438.4      57.4      49.2     495.8 
    3245 West Creek u/s Highway 401           1.3816   882.1    346.4   433.4      59.7      42.6     493.1 
    3250 West Creek at Hal Rogers Drive       1.4166   882.1    343.0   439.0      94.5       5.6     533.5 
    3255 West Creek at Speed R outlet         1.4772   882.1    345.1   438.3      92.8       6.0     531.0 

 
 
 
Table 3.5.4 Water Balance Summary for East, Middle and West Creeks: Scenario 3 (Ultimate) with controls 
 
                                            Drainage           Water Balance Quantities (in mm) 
                                               Area                                Infiltration       Total 
  Number   Location                           (km^2)  Precip   ET/SUB  Runoff  (Baseflow)(NetStorage)  Flow 

    1210 East Creek at Mohawk Road            0.3842   882.1    292.5   248.9     157.6     183.0     406.5 
    1225 East Creek at Maple Grove Rd         1.0233   882.1    319.8   127.7      90.6     343.9     218.3 
    1235 East Creek at Node 1235              1.3315   882.1    534.5    70.5     268.6       8.5     339.1 
    1240 East Creek at Beaverdale Road        1.4495   882.1    331.3   169.4     379.0       2.4     548.4 
    1255 East Creek at Speed R outlet         1.6070   882.1    336.7   177.6     364.2       3.5     541.8 
    2215 Middle Ck at Middle Block Road       1.0439   882.1    335.6   265.2     225.2      56.1     490.4 
    2228 Middle Ck at Node 2228               2.0686   882.1    329.4   281.0     236.3      35.4     517.3 
    2245 Middle Ck at Maple Grove Road        4.2192   882.1    324.2   332.1     179.0      46.8     511.1 
    2250 Middle Ck at Speedsville Road        4.5032   882.1    324.8   329.9     183.4      44.0     513.3 
    2275 Middle Ck at Hunt Club Road          5.5040   882.1    336.0   312.3     191.6      42.1     503.9 
    2285 Middle Ck at Speed R outlet          6.0500   882.1    343.3   296.9     228.4      13.5     525.3 
    3501 West Creek: Loblaws SWM Pond         0.1510   882.1    213.0   659.3      10.1      -0.3     669.4 
    3502 West Creek: Seaforth SWM Pond        0.1910   882.1    591.4   162.8     102.9      25.0     265.7 
    3505 Outflow ATS Swm Pond                 0.1140   882.1    213.8   644.8      26.0      -2.5     670.8 
    3235 West Creek at Royal Oak Road         1.2220   882.1    338.0   307.3     187.3      49.4     494.6 
    3245 West Creek u/s Highway 401           1.3816   882.1    347.3   293.3     196.5      45.0     489.8 
    3250 West Creek at Hal Rogers Drive       1.4166   882.1    343.9   299.3     231.8       7.0     531.2 
    3255 West Creek at Speed R outlet         1.4772   882.1    346.0   295.7     233.1       7.3     528.8 
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3.6 Flow Duration Curves  

Figures 3.6.1, 3.6.2 and 3.6.3 give flow-duration curves for 5 locations along each of East, Middle and 
West Creeks under existing conditions.  Figures 3.6.4 to 3.5.9 summarize the flow duration curves for two 
locations on each creek, illustrating the results for all three post-development scenarios together in the 
same plot.     

 

Figure 3.6.1 Flow Duration Curves East Creek Existing Conditions 
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Figure 3.6.2 Flow Duration Curves Middle Creek Existing Conditions 

 

Figure 3.6.3 Flow Duration Curves West Creek Existing Conditions 

 

Figure 3.6.4  Flow Duration Curves East Creek at Maple Grove Road 



Hespeler West Subwatersheds Study April 2003 
Appendix D Revised September 2004 

 

Planning & Engineering Initiatives Ltd. – File No. K1253 Page 53 

 

Figure 3.6.5  Flow Duration East Creek at Speed River outlet 

 

Figure 3.6.6  Flow Duration Curves Middle Creek at Maple Grove Road 
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Figure 3.6.7  Flow Duration Curves Middle Creek at Speed River Outlet 

 

Figure 3.6.7  Flow Duration Curves West Creek at Royal Oak Road 
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Figure 3.6.7  Flow Duration Curves West Creek at Speed River Outlet 
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E 1.0 FLOODPLAIN HYDRAULICS 
E 1.1 Introduction 

This section describes the hydraulic analysis that was carried out on East, Middle and West Creeks, upon which 

the floodline mapping was determined.  The hydraulic analysis was performed in accordance with the Technical 

Guidelines for Floodplain Management in Ontario.  Flood routing was performed using the U.S. Army Corps of 

Engineers HEC-RAS hydraulic modelling software (v. 2.2).  Cross-section input for the HEC-RAS models of East 

Creek, Middle Creek and West Creek were generated using City of Cambridge digital topographic data as well as 

the results of a total station survey conducted by Planning and Engineering Initiatives in June 2002.  Flood levels 

were then generated for the 2, 5, 10, 25, 50 and 100-year design storm events and the Regional Storm using 

flows generated by the hydrologic modelling described in Section B 2.0 and Appendix D of this report.  

 

E 1.2 Hydraulic Model Development 

Channel Cross-Sections 
To develop the hydraulic models, East, Middle and West Creeks were defined by a series of cross-sections to 

represent the form of the creek channel and floodplain for the step-backwater calculations performed by the 

modelling software.  Cross-sections were developed along the creeks at regular, representative locations as well 

as at locations where significant changes to the form of the channels or floodplains occurred.  Cross-sections 

extended across the entire floodplain and were established to be perpendicular to the estimated flow path.  Cross-

sections were developed primarily using City of Cambridge digital topographic and digital elevation model (DEM) 

files.  Total station survey data, was used to supplement the City of Cambridge data and provide additional detail 

at key locations such as hydraulic structures.   

 

Channel Structures 
All structures, including culverts, weirs, and bridges along the creeks were measured during the survey of the 

study area.  The survey results and field reconnaissance were used to define structure geometry and dimensions, 

configuration of inlet and outlet, invert elevations, slopes, and top of road and embankment profiles in the HEC-

RAS model.  Data sheets characterizing all of the channel structures are included below. 

 

Channel and Floodplain Characteristics 
The roughness characteristics of the channels and floodplains were determined through a combination of field 

reconnaissance and air photo analysis.  Manning’s roughness coefficients for channel and overbank areas were 

determined using typical values published by Chow (1959), based on vegetation patterns as seen on air photos, 

and observed channel bed configurations.     

 

Model Configuration 
East Creek, Middle Creek and West Creek were modeled separately as each of the watercourses flows 
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independently into the Speed River.  None of the three creeks possessed significant tributary channels that 

required modelling as separate river reaches in HEC-RAS.  

 

Model Boundary Conditions 
The starting water surface elevations used for the model were the flood elevations from the GRCA Speed River 

HEC-2 model.  Flood elevations were available for the 2 through 100 year return period flows as well as for the 

Regional Storm event.   Starting elevations for East and West Creeks were taken from cross-sections 5017 and 

2912, respectively, of the GRCA model, which are located near the outlets of both streams.  The outlet of Middle 

Creek is located between cross-sections 3969 and 4197 of the GRCA model, so the starting elevation for Middle 

Creek was taken as the average of the water level between those sections.  Using these starting water elevations 

results in a conservative estimate of flooding at the downstream end of East, Middle and West creeks as it 

assumes that flood events in the creek and the Speed River may occur at the same time. 

 

East Creek Split Flow 
Examination of the mapping and on-site observations of topography indicated that flood flows in East Creek will 

split at the Beaverdale Road crossing.  Part of the flow will pass through the culvert and continue along the creek 

while the remainder of the flow will spill over Ratcliffe Drive and continue along Beaverdale Road to the Speed 

River.  This phenomenon was treated in the model as a lateral rating curve, which was developed assuming weir 

flow over the roadway at the Ratcliff Drive / Beaverdale Road intersection.  Spill discharge was determined 

iteratively and was subtracted from the main channel discharge, then added to a split flow channel with a path 

along the west side of Beaverdale Road that eventually outlets to the Speed River.  Iterative calculations were 

performed manually as the lateral rating curve function on HEC-RAS is not operational in the current version.  The 

starting water surface elevation for the split flow channel was taken from cross-section 4953 of the GRCA HEC-2 

Speed River Model, located immediately downstream of Beaverdale Road. 

 

 E 1.3 Results 

Model Results 
Flow profiles were calculated in HEC-RAS for the 2 through 100-year design storm events and the Regional 

Storm using flows determined in the hydrological analysis.  The hydrological modeling scenario used to determine 

flood flows for floodline mapping does not include embankment storage, as discussed in Appendix D.  Results for 

the 2, 5, 10, 25, 50 and 100-year events and for the Regional Storm event are presented in tabular form below.   

 

Floodline Mapping 
Based on the results of the HEC-RAS hydraulic model, the Regional Storm floodline elevations for East, Middle 

and West Creeks have been determined using the City of Cambridge digital topographic data.   Maps 1A through 

1E, attached, show the floodline mapping for the creeks.  Floodline elevations are displayed to the nearest 

centimeter.   
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