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Executive Summary 
The Regional Municipality of Waterloo, partnered with the Grand River Conservation Authority (GRCA), 
has retained the consulting teams of Matrix Solutions Inc. (Matrix), Wood Environment and 
Infrastructure (Wood), Natural Resource Solutions Inc. (NRSI), and SGL Planning & Design (SGL 
Planning) to undertake the Upper Cedar Creek Scoped Subwatershed Study. 

The Project Study Area (PSA) lies almost entirely within the Township of North Dumfries, with a small 
section of the northwest headwaters of Cedar Creek extending to the outskirts of the City of Kitchener, 
within the Regional Municipality of Waterloo. The Project includes two levels of study – a 
subwatershed-scale analysis for the entirety of the 7,463 ha Cedar Creek Subwatershed (i.e., the PSA), 
and a detailed local-scale analysis for those lands within the Detailed Study Area (DSA). The DSA 
consists of Cedar Creek Subwatershed lands north of Cedar Creek Road and west of Dumfries Road 
within the City of Kitchener and the Township of North Dumfries. 

Subwatershed studies are an integral component of the land use planning process. They provide 
fundamental input on natural features, with a focus on water-based elements including watercourses, 
wetlands, recharge and discharge areas, and other natural systems to help determine appropriate land 
use designations. Based on a fully integrated examination of how the surface and subsurface water 
systems work in supporting natural system functionality, various levels of guidance are established 
through the Subwatershed Study process to protect, restore, manage, and monitor subwatershed 
resources through subsequent development approvals and other stewardship initiatives. 

The Scoped Cedar Creek Subwatershed Study was conducted in two (2) phases: 

a) Phase 1 – Subwatershed Characterization and Integration 
b) Phase 2 – Impact Assessment & Preliminary Management Strategy 

Phase 1 of the study is focussed on understanding and characterizing the hydrology, hydrogeology, 
fluvial geomorphology, and water quality, as well as aquatic and terrestrial ecology of the Upper Cedar 
Creek Subwatershed, specifically within the DSA. 

Phase 2 is focussed on assessing the impacts of potential development within the DSA (Southwest 
Kitchener Policy Area – SKPA, and Prime Industrial Strategic Reserve – PISR), specifically impacts to 
natural environment features, as well as adjacent municipal well fields. A preliminary management 
strategy to mitigate identified impacts is also included as part of Phase 2. 

The land use concepts developed as part of Phase 2 were completed in consultation with Regional 
planning staff and only represent one possible land development scenario. The land use concept has 
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been established solely for the purpose of analytical assessments of potential impacts associated with 
surface and ground water, as well as the associated natural systems. The use of the land use concept 
for the subject purpose does not suggest any endorsement or support for potential future land uses. 

Both phases are documented within this consolidated Scoped Subwatershed Study (existing 
document). The Scoped Subwatershed Study is intended to guide and coordinate decision-making by 
the Region, area municipalities, the Grand River Conservation Authority, and others involved in 
development planning and subwatershed stewardship and restoration.  

Impacts and Management Strategies 
The impact assessment portion of the SWS identified a number of impacts that may occur, should the 
potential land use scenarios proceed in an unmitigated fashion. To be clear, it is not expected that any 
potential development would be permitted to advance without mitigation measures. However, for the 
purposes of the SWS, it can be useful to assess potential impacts without mitigation so as to 
understand the scale of mitigation measures required. The following sections describe potential 
impacts as well as recommended measures to mitigate the identified impacts. 

Water Budget/Groundwater Recharge 
Impact 
In terms of the water budget, the most significant change associated with potential land use scenarios 
is related to evapotranspiration. As lands are urbanized, and impervious cover increases, 
rainfall/snowmelt is unable to infiltrate into the upper soil layer. This reduces the amount of available 
soil moisture that sustains evapotranspiration through dry periods. Rather than infiltrating, this water 
runs off, becoming stormwater. This has a secondary impact of reducing groundwater recharge to the 
underlying aquifer. 

While the impact assessment analysis has shown that the Strasburg municipal wellfield would not be 
significantly affected by reductions in recharge within the DSA, a number of key environmental 
features (Roseville Swamp, headwater reaches of Cedar Creek) could be affected by this reduction in 
groundwater recharge. 

Mitigation 
To mitigate this impact, any potential development should be required, at a minimum, to maintain 
existing groundwater recharge rates. This could be achieved through a combination of infiltration of 
clean water (e.g., roof runoff) at source, as well as the collection of runoff from paved surfaces 
(typically carrying contaminants) to a centralized stormwater management facility for appreciate 
quality treatment and subsequent infiltration. 
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Flooding 
Impact 
As described above, with modifications in the water budget associated with potential development, 
there is a certainty of more stormwater being generated under the potential land use scenarios than 
under existing conditions. This increased stormwater would eventually discharge into Cedar Creek. 
Analysis has shown that the unmitigated release of this stormwater into Cedar Creek would increase 
peak flow rates between Roseville Road and Highway 401 by a range of 33 to 490% (depending on the 
return interval of the storm event). This is clearly an unacceptable impact and would increase both the 
100-year as well as the Regional flood elevations along the length of Cedar Creek. 

In addition to riverine flooding, there is no defined natural outlet adjacent to the SKPA lands. As a 
result, unmitigated stormwater discharge would flow overland from the SKPA lands, through multiple 
land parcels in North Dumfries (largely through agricultural fields and forests), before entering Cedar 
Creek downstream of Rosevillle Road. This would have significant negative impacts to landowners by 
frequently inundating lands within the overland flow path. 

Mitigation 
To mitigate this impact, it is recommended that potential urban developments shall only discharge 
stormwater offsite at an approximately similar frequency, rate, and volume as is occurring under 
baseline conditions. Stormwater that is not discharged offsite should be infiltrated. 

As described in the Water Budget/Groundwater Recharge summary, the conversion of agricultural 
lands to urban lands generally results in decreased evapotranspiration and increased water yield.  
To discharge stormwater at the same frequency, rate, and volume as existing conditions, the surplus 
water will need to be infiltrated into the groundwater system, resulting in an increase in groundwater 
recharge from existing conditions. This provides an opportunity to enhance the amount of 
groundwater discharge received by surface water features and may increase the resilience of those 
features to climate variability. 

Erosion 
Impact 
In addition to increasing flood flows and levels within Cedar Creek, it is anticipated that the 
unmitigated release of stormwater from potential development lands would increase channel erosion 
within Cedar Creek. Erosion analysis indicates that the total volume of runoff above the critical erosion 
threshold would increase significantly (40 to 230%, depending on location) as a result of the land use 
scenarios. This suggests that Cedar Creek would experience an increase in channel erosion and a loss of 
channel stability. 
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Additionally, the increased rate and frequency of offsite discharge would increase the erosion potential 
along the overland flow path between the SKPA and Roseville Road. As this overland flow path has no 
defined bed or banks, significant erosion is likely to occur. 

Mitigation 
To mitigate potential erosion impacts, for both riverine erosion and erosion of the overland flow path, 
it is recommended that potential urban developments shall only discharge stormwater offsite at an 
approximately similar frequency, rate, and volume as is occurring under baseline conditions. 

Groundwater Quality 
Impact 
As described above, a key mitigation measure is to infiltrate stormwater into the groundwater system 
rather than discharging stormwater offsite via the overland flow path. Urban stormwater typically 
contains a number of contaminants, ranging from nutrients, sediment, metals, and dissolved 
contaminants such as salt. Due to the proximity of the DSA to municipal wellfields and the fact that 
much of the DSA contributes recharge that eventually enters the municipal water supply aquifer 
(AFD1), there is the potential to introduce contaminated water into the municipal water source. 

Mitigation 
To mitigate this potential impact, the study is recommending that infiltration of potentially 
contaminated water shall only be performed in areas where there is a lessor chance of the 
contaminated water reaching the municipal supply aquifer. 

For those land areas which contribute recharge to AFD1, only clean water (i.e., roofs) should be 
infiltrated. By infiltrating clean water at source, the urban developments are better able to replicate 
existing spatial distribution of groundwater recharge, and subsequently, existing groundwater flow 
patterns. 

Runoff from areas that are more likely to be contaminated (e.g., roads, sidewalks, parking spaces) 
should be directed toward end-of-pipe recharge facilities that are sited outside those lands that 
contribute recharge to AFD1. Water entering these facilities should undergo appropriate quality 
treatment prior to infiltration. This quality treatment may include capturing spring freshet flows to 
capture salt-laden water for subsequent pumping to the sanitary system or evaporate during the 
following summer months. 

Additional mitigation measures to minimize water quality impacts include: 

• The implementation of Low Impact Development technologies such as bioswales/filters to reduce 
the concentration of contaminants (e.g., total suspended solids [TSS], nutrients, metals) at source. 
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• The implementation of management strategies such as salt management plans to reduce the mass 
loading of chlorides into stormwater, and subsequently the groundwater system. 

Natural Heritage 
Impact 
Four types of potential impacts to natural heritage features were identified, including direct, indirect, 
induced, and cumulative impacts. 

• Direct impacts are those that occur to natural features immediately within the proposed 
development footprint as a result of land-clearing, grading, and construction.  

• Indirect impacts are associated with site conditions which have been altered due to development, 
such as lighting, noise, changes in groundwater discharge and water balance to wetlands, increased 
water temperature, degradation of water quality, and salt runoff.  

• Induced impacts can occur after construction and occur due to the increased pressure from human 
habitation and use. This may include the introduction of feral or domestic predators (i.e., cats and 
dogs) and unauthorized trail construction, as well as dumping of garbage and yard waste. 

• Cumulative impacts are associated with the spatial and temporal implications of the potential 
development in conjunction with other stressors in the area. These stressors could be additional 
urban development, increased water withdrawals, or other anthropogenic effects (i.e., aggregate 
production).  

Mitigation 
To mitigate potential impacts to the natural heritage system, the Greenlands Network has been 
updated as part of this study and should be incorporated into the land use planning process. 
The Greenlands Network is comprised of Landscape Level Systems, Core Environmental Features, 
Supporting Environmental Features, Fish Habitat, and Linkages. These include Provincially Significant 
Wetlands (PSWs), Environmentally Sensitive Policy Areas (ESPAs), and Significant Woodlands, among 
other features. 

• Linkages are connections between natural heritage features that provide movement opportunities 
for species. Linkages are generally recommended to be 100 m wide, unless a linkage of a different 
width can be supported through a subsequent EIS. 

• This study has identified buffers, which consist of a 10 m setback from upland forests, 15 m from 
non-provincially significant wetlands, and 30 m from PSWs as well as features identified within the 
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Provincial Natural Heritage System (NHS). Buffers are based on the vegetation communities and 
policy guidance, and may be refined at subsequent, more detailed land use planning studies. 

• Areas have also been identified for restoration. These areas are primarily located within the 
provincial NHS, outside the delineated buffers. These land areas are generally agricultural fields, 
which could be naturalized. 

Challenges 
While it is possible that the anticipated impacts from potential development within the DSA can be 
mitigated by the preliminary management strategies outlined above, it should be recognized that the 
DSA is particularly unique, and poses significant challenges to the design, construction and 
maintenance of those strategies. These challenges are included below. 

No Defined Natural Outlet 
Typically, urbanizing lands have access to a defined drainage outlet (e.g. watercourse, wetland, trunk 
storm sewer, lake) to which stormwater is directed, following appropriate treatment for quality and 
quantity.  Under current land use, due to the highly permeable soil conditions in the DSA, most rainfall 
and snowmelt infiltrates into the ground, rather than running off.  As a result, there is a lack of creeks 
or other well-defined drainage outlets in the DSA, particularly adjacent to the SKPA.  This lack of a 
drainage outlet, and the inability to discharge treated stormwater to such an outlet, is a significant 
challenge to development within the SKPA. To address this challenge, and to ensure no increased 
frequency of overland flooding of lands adjacent to the SKPA, a key component of the proposed water 
management plan will be the requirement to infiltrate stormwater generated from potential 
development. 

Seasonal Overland Flooding  
Despite there being no defined natural outlet, there are occurrences where under current conditions, 
the combination of rainfall/snowmelt on saturated or frozen ground exceeds the ability of the SKPA 
soils to infiltrate water. This results in runoff being generated, which flows in a southeasterly direction, 
over agricultural fields, forests, and wetlands, before entering Cedar Creek downstream of Roseville 
Road.  These conditions were observed by the Study Team in February of 2018, where heavy rainfall 
occurred on a snowpack, which also coincided with frozen ground conditions.  This resulted in a narrow 
strip of overland flooding that extended from New Dundee Road to Roseville Road, before flowing into 
the upper reaches of Cedar Creek.  It is not known how frequently such events occur; however, these 
flood events may be critical in maintaining channel health and aquatic habitat within Cedar Creek  
(e.g., flushing accumulated fine sediment from Cedar Creek), and a key objective of a stormwater 
management strategy should be to replicate existing conditions.  Development within the SKPA lands 
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will be challenged to determine, and subsequently maintain, the natural frequency of these flooding 
events that create overland flooding between New Dundee Road and Roseville Road. 

Water Quality Issues  
Urban stormwater is typically host to a variety of contaminants. Traditional stormwater management 
techniques seek to remove the majority of urban contaminants from stormwater through the use of 
settling ponds. While effective for removing sediment, metals, and many nutrients, these forms of 
treatment are ineffective at removing dissolved contaminants such as salt. As described above, due to 
the lack of a drainage outlet, it is envisioned that the majority of stormwater will need to be infiltrated, 
ultimately reaching the groundwater system. As a result of infiltrating untreated stormwater, there is a 
high likelihood of introducing salt into the groundwater system. This study has identified areas within 
the SKPA where infiltrated water is likely to enter the municipal water supply aquifer, in which no 
infiltration of salt-laden stormwater is recommended. Much of the remaining SKPA lands contribute 
infiltration that eventually discharge to environmental features such as Roseville Swamp, or the 
headwaters of Cedar Creek. Given the requirement to infiltrate stormwater, development within the 
SKPA will be challenged to limit chloride from also being infiltrated and subsequently impacting those 
environmental features. 

Scale of Stormwater Management Facilities 
To address the issues identified above, this study has identified a potential water management plan. 
This plan is premised on a multi-layered approach which relies on direct infiltration of “clean” water 
(e.g., roof runoff) throughout the potential development, and collection of “dirty” water (e.g., runoff 
from roadways, parking lots) within a centralized stormwater management facility. At this centralized 
facility, the collected water would undergo traditional quality treatment, prior to the water being 
infiltrated.  Additionally, it is proposed that under spring freshet conditions (when salt loadings are the 
highest), the collected salty water be diverted to a secondary facility or cell, where water is stored and 
not infiltrated.  This water could then be discharged to the sanitary system or evaporated through the 
late spring and summer months. This is a non-typical water management plan that has significant 
operational as well as design/constructability challenges. Additionally, the required land area for such a 
facility would likely be considerably larger than traditional systems, which would impact the extent of 
the potentially developable lands. 

Areas With Hydraulic Connection to Regional Water Supply Wells 
A portion of the lands within the DSA are predicted to provide direct recharge to municipal water 
supply wells, while a larger portion of the lands recharges the Region’s water supply aquifer. 
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1 Introduction 
The Regional Municipality of Waterloo, partnered with the Grand River Conservation Authority 
(GRCA), has retained the consulting team of Matrix Solutions Inc. (Matrix), Wood Environment 
and Infrastructure (Wood), Natural Resource Solutions Inc. (NRSI), and SGL Planning & Design 
(SGL Planning) to undertake the Upper Cedar Creek Scoped Subwatershed Study. 

Cedar Creek is a perennial coldwater stream, draining a 7,463 ha area within the City of 
Kitchener and Township of North Dumfries (Figure 1). The headwaters of the creek are located 
on the Waterloo Moraine, which supplies the Region with approximately 80% of its drinking 
water. 

The Project Study Area (PSA) lies almost entirely within the Township of North Dumfries, with a 
small section of the northwest headwaters of Cedar Creek extending to the outskirts of the City 
of Kitchener, within the Regional Municipality of Waterloo. The Project includes two levels of 
study – a subwatershed-scale analysis for the entirety of the 7,463 ha Cedar Creek 
Subwatershed (i.e., the PSA), and a detailed local-scale analysis for those lands within the 
Detailed Study Area (DSA). The DSA consists of Cedar Creek Subwatershed lands north of Cedar 
Creek Road and west of Dumfries Road within the City of Kitchener and the Township of North 
Dumfries (Figure 1). 

Cedar Creek supports a coldwater brook trout fishery and drains primarily agricultural lands, 
remnant natural woodlands, and low-lying wetlands south and west of the Cities of Kitchener 
and Cambridge, respectively. The northern part of the subwatershed is bisected by the Highway 
401 corridor. The main Urban Area is the community of Ayr, in the Township of North Dumfries, 
located at the confluence of Cedar Creek and a meandering section of the Nith River. The 
southeast portion of the Cedar Creek Subwatershed, which extends easterly toward the City of 
Cambridge, forms the western part of the Dumfries Carolinian Environmentally Sensitive 
Landscape (ESL). This area comprises the highest concentration of Areas of Natural and 
Scientific Interest (ANSI), Provincially Significant Wetlands (PSWs), and municipally designated 
Environmentally Sensitive Policy Areas (ESPAs) in the Regional Municipality of Waterloo and the 
Grand River Watershed. 

The DSA lands within the City of Kitchener are largely agricultural, while the DSA lands within 
the Township of North Dumfries are a mixture of agricultural, industrial and aggregate 
extraction land uses. 
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1.1 Regional and Municipal Planning Process  
The Regional Official Plan (ROP; as approved, with modifications, by the Ontario Municipal 
Board on June 18, 2015) policy 7.B.22 identifies the Southwest Kitchener Policy Area (SKPA), a 
234 ha area located north of New Dundee Road, and generally between Trussler Road and 
Reidel Drive (Figure 1). The SKPA is within the headwaters of Cedar and Blair Creeks. The Region 
has committed to undertaking and completing the Upper Cedar Creek Scoped Subwatershed 
Study, including the lands included in the SKPA, to inform the next Municipal Comprehensive 
Review. 

1.1.1 Watershed Planning Policies 
Guidance on the scope and use of subwatershed planning is provided by the Ontario Provincial 
Policy Statement (PPS; 2014), the Growth Plan (2019) and ROP policies. 

The PPS recommends using a “coordinated, integrated and comprehensive approach” to 
planning for growth and development, natural heritage, water, and natural hazards 
(Policy 1.2.1). The PPS further directs municipalities to “protect, improve or restore the quality 
and quantity of water by: 

a) using the watershed as the ecologically meaningful scale for integrated and long-term 
planning, which can be a foundation for considering cumulative impacts of 
development; 

b) minimizing potential negative impacts, including cross-jurisdictional and 
cross-watershed impacts; 

c) identifying water resource systems consisting of ground water features, hydrologic 
functions, natural heritage features and areas, and surface water features including 
shoreline areas, which are necessary for the ecological and hydrological integrity of the 
watershed; 

d) maintaining linkages and related functions among ground water features, hydrologic 
functions, natural heritage features and areas, and surface water features including 
shoreline areas; 

e) implementing necessary restrictions on development and site alteration to: 
i. protect all municipal drinking water supplies and designated vulnerable areas; 

and 
ii. protect, improve or restore vulnerable surface and ground water, sensitive 

surface water features and sensitive ground water features, and their hydrologic 
functions; 
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f) planning for efficient and sustainable use of water resources, through practices for 
water conservation and sustaining water quality; 

g) ensuring consideration of environmental lake capacity, where applicable; and 
h) ensuring stormwater management practices minimize stormwater volumes and 

contaminant loads, and maintain or increase the extent of vegetative and pervious 
surfaces” (Policy 2.2.1). 

The Growth Plan (2019) specifically outlines how municipalities will undertake watershed 
planning to inform the protection of water resource systems and decisions related to planning 
for growth. Section 4.2.1 of the Growth Plan specifies that: 

1. Upper- and single-tier municipalities, partnering with lower-tier municipalities and 
conservation authorities as appropriate, will ensure that watershed planning is undertaken 
to support a comprehensive, integrated, and long-term approach to the protection, 
enhancement, or restoration of the quality and quantity of water within a watershed. 

2. Water resource systems will be identified to provide for the long-term protection of key 
hydrologic features, key hydrologic areas, and their functions. 

3. Watershed planning or equivalent will inform: 

a. the identification of water resource systems 
b. the protection, enhancement, or restoration of the quality and quantity of water 
c. decisions on allocation of growth 
d. planning for water, wastewater, and stormwater infrastructure 

4. Planning for large-scale development in Designated Greenfield Areas, including secondary 
plans, will be informed by a subwatershed plan or equivalent. 

5. Municipalities will consider the Great Lakes Strategy, the targets and goals of the Great 
Lakes Protection Act, 2015, and any applicable Great Lakes agreements as part of 
watershed planning and coastal or waterfront planning initiatives. 

ROP Policies 7.F.4 and 7.F.5 identify the minimum terms of reference for watershed studies and 
outlines Regional interests to be addressed. This Project will address these policies, specifically: 

“7.F.4 The Province, the Region, affected Area Municipalities and the Grand River Conservation 
Authority, in consultation with affected landowners and the general public, will jointly 
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determine the terms of reference for watershed studies. At a minimum, the terms of reference 
for watershed studies will include: 

a) identification, maintenance, restoration and, wherever feasible, enhancement of 
environmental features, groundwater features, surface water features and ecological 
functions which are necessary for the ecological and hydrological integrity of the 
watershed; 

b) identification, maintenance, enhancement and, wherever feasible, restoration of 
linkages among environmental features and ecological functions, groundwater features 
and surface water features; 

c) determination of areas where development or site alteration will be prohibited to: 
i. protect actual and potential municipal drinking-water supplies and identified 

vulnerable areas; and 
ii. maintain, enhance or, wherever feasible, restore sensitive and vulnerable 

surface water and groundwater features, and their hydrologic functions, and 
floodplains; 

d) protection of the quality, quantity, distribution and direction of flow of existing surface 
and groundwater processes; 

e) identification of stormwater management practices that maintain or enhance the 
quality, quantity and distribution of stormwater including infiltration measures, and 
minimize stormwater volumes and contaminant loads; 

f) identification of areas where site-specific Environmental Impact Statements may be 
required for the review of development applications in accordance with the policies in 
Section 7.G. Wherever feasible, watershed studies should partially fulfill the 
Environmental Assessment requirements for major infrastructure works to be located 
within that watershed, and/or Comprehensive Environmental Impact Statements for all 
or part of the watershed; and 

g) develop a monitoring plan and define roles and responsibilities for pre-, during- and 
post-construction monitoring to determine and address the impact of development on 
the Greenlands Network and surface and groundwater resources.” 

“7.F.5 Regional participation in watershed studies will focus upon the preparation of 
recommendations relating to Regional interests, including: 

a) sustainable management of the quality and quantity of groundwater resources; 
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b) surface water quality with reference to Regional water-taking requirements and the 
capability of receiving watercourses to cumulatively assimilate effluent from wastewater 
treatment plants to ensure the ecological integrity of the river system; 

c) identification, protection and management of Landscape Level Systems and Core 
Environmental Features; and 

d) implications of proposed development on the provision and upgrading of Regional 
infrastructure.” 

1.2 Scoped Subwatershed Study Process  
Subwatershed studies are an integral component of the land use planning process. They 
provide fundamental input on natural features, with a focus on water-based elements including 
watercourses, wetlands, recharge and discharge areas, and other natural systems to help 
determine appropriate land use designations. Based on a fully integrated examination of how 
the surface and subsurface water systems work in supporting natural system functionality, 
various levels of guidance are established through the Subwatershed Study process to protect, 
restore, manage and monitor subwatershed resources through subsequent development 
approvals and other stewardship initiatives. 

The Scoped Subwatershed Study was conducted in two (2) phases: 

c) Phase 1 – Subwatershed Characterization and Integration 
d) Phase 2 – Impact Assessment & Preliminary Management Strategy 
 
Both phases are documented within this consolidated Scoped Subwatershed Study (existing 
document). A comprehensive Water Management Plan and Natural Heritage System Strategy is 
being prepared separately to accompany the Scoped Subwatershed Study. 

The Scoped Subwatershed Study is intended to guide and coordinate decision-making by the 
Region, area municipalities, the Grand River Conservation Authority, and others involved in 
development planning and subwatershed stewardship and restoration.  

2 Goals and Objectives 
As noted in Section 1, the Region of Waterloo, along with the Province of Ontario, require that 
new urban growth plans be accompanied by watershed/subwatershed-based studies examining 
the role and function of water (surface and ground) in sustaining natural systems, and also 
defining the overall sensitivity and value of these systems as part of a natural heritage system. 
The applicable legislation and policies inherently recognizes the influence and management of 
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future urban uses, including related infrastructure (water, wastewater, stormwater, 
transportation, and utilities). 

2.1 Governing Acts, Guidelines, and Policies 
As a complement to the overall process of establishing subwatershed scale goals, objectives, 
and targets, there also needs to be a recognition/understanding of the context of the governing 
legislation with respect to resource management. Various acts, guidelines, and policies exist at 
a federal, provincial, and municipal (upper and lower tier) level to provide a framework for 
managing the impacts associated with land use change. 

Table 1 provides a summary of the key legislative and policy documents that provide direction 
on environmental matters applicable to subwatershed studies in the Region of Waterloo. 
In addition, there are supporting guidelines and decision-making systems to help implement a 
number of these acts and policies, which are also included in the table. 
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Table 1 Summary of Acts, Guidelines, Policy 
Name of Management Tool: 

Act/Regulation/Policy/ 
Guideline/Program 

Type of 
Tool Purpose 

Federal 
Federal Fisheries Act  Act Purpose is to manage threats to the sustainability and ongoing productivity of 

Canada’s commercial, recreational and Aboriginal fisheries. 
Migratory Birds Convention Act 
(1994) 

Act Protection of migratory songbirds and their nests from disturbance or 
destruction. 

Species at Risk Act (2003) Act Protection of Wildlife species at risk; recovery plans. 
Canadian Environmental 
Protection Act  
(CEPA; 1999) 

Act The goal of the Canadian Environmental Protection Act (CEPA) is to contribute to 
sustainable development through pollution prevention and to protect the 
environment, human life and health from the risks associated with toxic 
substances.  

Canadian Environmental 
Assessment Act 

Act The Act requires federal departments, including Environment Canada, agencies, 
and crown corporations to conduct environmental assessments for proposed 
projects where the federal government is the proponent. 

Department of the Environment 
Act 

Act Establishes the department of the Environment and sets forth the various 
powers and responsibilities of the minister. 

Canadian Water Quality 
Guidelines for the Protection of 
Aquatic Life 

Guideline The Canadian Water Quality Guidelines consist of a set of recommended “safe 
limits” for various polluting substances in raw (untreated) drinking water, 
recreational water, water used for agricultural and industrial purposes, and 
water supporting aquatic life. They are designed to protect and enhance the 
quality of water in Canada. The guidelines apply only to inland surface waters 
and groundwater’s and not to estuarine and marine waters.  
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Name of Management Tool: 
Act/Regulation/Policy/ 

Guideline/Program 

Type of 
Tool Purpose 

Canadian Water Quality 
Guidelines for the Protection of 
Agricultural Water Uses 

Guideline The Canadian Water Quality Guidelines consist of a set of recommended “safe 
limits” for various polluting substances in raw (untreated) drinking water, 
recreational water, water used for agricultural and industrial purposes, and 
water supporting aquatic life. They are designed to protect and enhance the 
quality of water in Canada. The guidelines apply only to inland surface waters 
and groundwater’s and not to estuarine and marine waters. 

Guidelines for Canadian Drinking 
Water Quality 

Guideline To provide a national guideline for the protection of drinking water. 

Guidelines for Canadian 
Recreational Water 

Guideline To provide a national guideline for the protection of recreational waters used for 
primary contact recreation such as swimming, windsurfing and water skiing and 
for secondary contact recreation activities including boating and fishing. 

How Much Habitat is Enough? A 
Framework for Guiding Habitat 
Rehabilitation in Great Lakes 
Areas of Concern (2013, EC/CWS, 
OMNR, OME) (D) 

Guideline Initiated in 1990 as part of the federal Great Lakes Action Plan, the Cleanup 
Fund represents a significant part of Canada’s commitment to restore the Great 
Lakes Basin Ecosystem as outlined in the 1987 Protocol to the Great Lakes Water 
Quality Agreement between Canada and the United States (GLWQA). The 
purpose of the guideline is to provide science-based information and guidelines 
related to natural systems and associated biodiversity. 

Provincial 
Nutrient Management Act 
(OMAF; 2002) 

Act As part of the Ontario government’s Clean Water Strategy, the Nutrient 
Management Act provides for province-wide standards to address the effects of 
agricultural practices on the environment, especially as they relate to 
land-applied materials containing nutrients. 

Lakes and Rivers Improvement 
Act (1990) 

Act The Lakes and Rivers Improvement Act gives the Ministry of Natural Resources 
the mandate to manage water-related activities, particularly in the areas outside 
the jurisdiction of Conservation Authorities. 
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Name of Management Tool: 
Act/Regulation/Policy/ 

Guideline/Program 

Type of 
Tool Purpose 

Provincial Planning Act (1990) Act The purpose of this Act is to promote sustainable economic development in a 
healthy natural environment, as well as to provide a land use planning system 
led by Provincial Policy. The Act is intended to be interpreted according to the 
Provincial Policy Statement, which was last updated in 2014. 

Ontario Water Resources Act  Act The Ontario Water Resource Act deals with the powers and obligations of the 
Ontario Clean Water Agency, as well as an assigned provincial officer, who 
monitors and investigates any potential problems with regards to water quality 
or supply. There are also extensive sections on Wells, Water Works, and Sewage 
works involving their operation, creation and other aspects. 

Clean Water Act, 2006 Act The provincial Clean Water Act, 2006, established the need to protect Ontario’s 
existing and future drinking water sources as part of an overall commitment to 
safeguard human health and the environment. A key focus of the legislation is 
the preparation of locally-developed Source Protection Plans (SPP). The goal of 
each SPP is to eliminate and/or manage existing significant threats and to ensure 
no future drinking water threats become significant. 
According to the Act, Source Protection Plans must include: 

• Policies and programs to eliminate and/or manage existing significant 
threats 

• Policies and programs to ensure no future activities become significant 
drinking water threats 

These policies might include: 
• Rules for activities in wellhead protection areas and intake protection 

zones, e.g., activities that will be allowed, with conditions (e.g., risk 
management plans) 

• Public education programs 
• Programs to promote best management practices for voluntary action 
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Name of Management Tool: 
Act/Regulation/Policy/ 

Guideline/Program 

Type of 
Tool Purpose 

Environmental Protection Act Act The purpose of this Act is to provide for the protection and conservation of the 
natural environment. R.S.O.1990, c.E.19, s.3. 

Endangered Species Act (ESA; 
2007) 

Act Enacts the protection of Endangered, Threatened and Special Concern species 
(provincial) and their habitats; regulates activities which may affect these 
species and provides for development of Recovery Strategies.  

Fish and Wildlife Conservation 
Act (1997) 

Act Fish and Wildlife Conservation Act enables the Ministry of Natural Resources 
(MNR) to provide sound management of the province’s fish and wildlife. 

Safe Drinking Water Act (MOE; 
2002) 

Act Its purpose is the protection of human health through the control and regulation 
of drinking water systems and drinking water testing. 

Threats Assessment Regulation Section 1.1 of Ontario Regulation 287/07 Province identified 21 activities that 
are prescribed as drinking water threat activities. For water quantity vulnerable 
areas with a significant risk level, all existing and new water takings (prescribed 
drinking water threat #19) located within the areas that draw water from the 
municipal aquifers or Eramosa River or activities that reduce groundwater 
recharge (prescribed drinking water threat #20) are classified as Significant 
Drinking Water Quantity Threats (significant threats) 
Recharge reduction is or would be a significant drinking water threat in 
WHPA-Qs and IPZ-Qs that are assigned a significant risk level.  

Municipal Act Act The Municipal Act sets forth regulations regarding the structuring of 
municipalities in Ontario. 

Ontario’s New Drinking Water 
Protection Regulation for Smaller 
Waterworks Serving Designated 
Facilities O. Reg. 505/01  

Regulation The Regulation is Part of the New Drinking Water Regulations administered 
through the Ministry of the Environment. 
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Name of Management Tool: 
Act/Regulation/Policy/ 

Guideline/Program 

Type of 
Tool Purpose 

Ontario Drinking Water 
Protection Regulation 

Regulation In August 2000, the Government of Ontario announced a new Drinking Water 
Protection Regulation (Ontario Regulation 459/00) to ensure the safety of 
Ontario’s drinking water. The regulation issued under the Ontario Water 
Resources Act was a part of the comprehensive Operation Clean Water action 
plan. This regulation put the Ontario Drinking Water Standards into law, 
updating and strengthening the Ontario Drinking Water Objectives. 

Bill 127, Ontario Water Resources 
Amendment Act (Water Source 
Protection), 2002 

Act The Bill amends the Ontario Water Resources Act regarding the availability and 
conservation of Ontario water resources. Specifically, the Bill requires the 
Director to consider the Ministry of Environment’s statement of environmental 
values when making any decision under the Act. The Bill also requires that 
municipalities and conservation authorities are notified of applications to take 
water that, if granted, may affect their water sources or supplies. 
 

Provincial Water Quality 
Objectives (MOE; 1994) 

Guideline To provide objectives for the protection of aquatic life.  

Natural Heritage Reference 
Manual for the Natural Heritage 
Policies of the Provincial Policy 
Statement, 2010.  

Guideline Provides guidelines for the implementation of the PPS by planning authorities.  

Significant Wildlife Habitat 
Technical Guide (2000; OMNR) 

Guideline Significant Wildlife Habitat has been identified as one of the natural heritage 
feature areas under the Provincial Policy Statement. 

Protection and Management of 
Aquatic Sediment Quality in 
Ontario (MOE; 1993) 

Guideline The purpose of the sediment quality guideline is to protect the aquatic 
environment by setting safe levels for metals, nutrients and organic compounds. 
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Name of Management Tool: 
Act/Regulation/Policy/ 

Guideline/Program 

Type of 
Tool Purpose 

Guidelines for Evaluating 
Construction Activities Impacting 
on Water Resources  
(MOE; 1995) 

Guideline These guidelines were developed to protect the receiving environment 
according to the physical, the chemical and the biological quality of the material 
being dredged. 

Incorporation of the Reasonable 
Use concept into MOE 
Groundwater Management 
Activities (1994) 

Guideline This guideline establishes the basis for the reasonable use of groundwater on 
property adjacent to sources of contaminants and for determining the levels of 
contaminants acceptable to the ministry. 

Ontario Drinking Water Standards 
(MOE; 2001) 

Guideline The purpose of the standards is to protect public health through the provision of 
safe drinking water. 

Technical Guideline for Private 
Wells: Water Supply Assessment 
(MOE; 1996) 

Guideline Guidance manual for the development of private wells. 

Technical Guideline for on-site 
Sewage Systems (MOE) 

Guideline Guidance manual for assessing the proposed impacts on on-site sewage systems 
on groundwater. 

Subwatershed Planning (MOE; 
1993) 

Guideline Technical manual on conducting subwatershed planning in Ontario. 

Integrating Water Management 
Objectives into Municipal 
Planning Documents  
(MOE; 1993) 

Policy Policy manual on the integration of watershed management practices into 
municipal planning documents. 

Watershed Management on a 
Watershed Basis  
(MOE; 1993) 

Guideline Guideline manual on watershed management practices. 

Provincial Policy Statement Policy Provincial Policy Statement was issued under Section 3 of the Planning Act and 
came into effect on May 22, 1996. 
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Name of Management Tool: 
Act/Regulation/Policy/ 

Guideline/Program 

Type of 
Tool Purpose 

Drainage Act Act Provides for the regulation of drainage practices in Ontario. 
Public Lands Act Act   
Environmental Bill of Rights (EBR) Bill of 

Rights 
On February 15, 1994, the Environmental Bill of Rights (EBR) took effect and the 
people of Ontario received an important new tool to help them protect and 
restore the natural environment. While the Government of Ontario retains the 
primary responsibility for environmental protection, the EBR provides every 
resident with formal rights to play a more effective role.  

Conservation Authorities Act Act Conservation Authorities created in 1946 by an Act of the Provincial Legislature, 
are mandated to further the conservation, restoration, development and 
management of natural resources other than gas, oil, coal and minerals. 

Growth Plan for the Greater 
Golden Horseshoe 

Growth 
Plan 

The ‘Growth Plan Natural Heritage System’ extends the concept of the Natural 
Heritage System (NHS) land use designation in the Greenbelt Act to all areas 
encompassed by the GGH Growth Plan, including the Project Study Area. Growth 
Plan NHS mapping was finalized in February 2018 and is made up of natural 
heritage features and areas (core areas) connected by natural corridors 
(linkages) in order to maintain biological and geological diversity, natural 
functions, and ecosystems. 
 
Upper and single tier municipalities have the ability to refine the Growth Plan 
NHS at a local level subject to MNRF criteria through the Municipal 
Comprehensive Review process, to conform to the Growth Plan by July 1, 2022. 
The mapping is to be included in updated municipal Official Plans. 
The Growth Plan also requires upper and single tier municipalities, partnering 
with lower tier municipalities and conservation authorities as appropriate, to 
ensure that watershed planning is undertaken to support a comprehensive, 
integrated, and long-term approach to the protection, enhancement, or 
restoration of the quality and quantity of water within a watershed. 
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Name of Management Tool: 
Act/Regulation/Policy/ 

Guideline/Program 

Type of 
Tool Purpose 

Municipal 
Region of Waterloo Regional 
Official Plan  

Policy The Official Plan is a statutory document under the Ontario Planning Act that 
sets out land use policy to guide future development and to manage growth. It 
provides a policy framework for Council decisions regarding the use of land, the 
provision of municipal services required to support growth, and the phasing of 
development.  

City of Kitchener Official Plan 
Township of North Dumfries 
Official Plan 
Region of Waterloo Conservation 
of Trees in Woodlands (By-Law 
08-026) 

Bylaw This Bylaw protects trees within woodlands. Under this bylaw, a permit is 
needed from the Region to harvest trees in woodlots of one hectare or more. 

Greenlands Network 
Implementation Guide 

Guideline The purpose of the Greenlands Network Implementation Guideline is to provide 
guidance to development applicants, the Ecological and Environmental Advisory 
Committee (EEAC), and agency staff in the preparation and review of 
applications for development and site alteration which affect the Greenlands 
Network. 

Conservation Authority 
Regulation of Development, 
Interference with Wetlands and 
Alterations to Shorelines and 
Watercourses – (Ontario 
Regulation 150/06) 

Regulation Generic Regulation allows the GRCA to prohibit or regulate development in or 
adjacent to Shorelines, wetlands, floodplains, watercourses, valleys, dynamic 
beaches and hazard lands. 

GRCA Policies for the 
Administration of the 
Development, Interference with 
Wetlands and Alterations to 
Shorelines and Watercourses 
Regulation  

Policy Specific policy instruments used by the GRCA to prohibit or regulate 
development in or adjunct to shorelines, wetlands, floodplains, watercourses, 
valleys, dynamic beaches and other hazard lands. 
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Name of Management Tool: 
Act/Regulation/Policy/ 

Guideline/Program 

Type of 
Tool Purpose 

GRCA Wetlands Policy Policy This Policy provides guidance to strengthen the delivery and effectiveness of 
GRCA programs relating to wetlands management and advocates making more 
decisions about wetlands using comprehensive planning in collaboration with 
member municipalities rather than a piecemeal, case-by-case approach. 
 
A comprehensive planning process, such as that undertaken for a subwatershed 
plan, provides terms of reference for appropriate studies to identify natural 
heritage form and functions and determine the potential impacts of 
development on them, offers opportunities for public participation, and 
provides the context within which municipal decisions can be made that 
minimize negative environmental impacts and result in efficient and 
cost-effective development design and land use patterns. 
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2.2 Scoped Subwatershed Study Goals and Objectives 
The objective of the Scoped Subwatershed Study is to maintain, restore, or enhance the health 
of the Cedar Creek Subwatershed, with a focus on lands north of Cedar Creek Road and west of 
Dumfries Road. Over the course of this Scoped Subwatershed Study Process, a set of Objectives 
has been developed based upon the findings of the study area characterization, as well as the 
insights gained from the impact assessment. A series of targets have been established which 
represent functional criteria and requirements to mitigate anticipated impacts from potential 
future development and thereby achieve the management objectives. Furthermore, the targets 
guided the evaluation and development of recommendations to manage and mitigate the 
impacts of potential future development within the Subwatershed as evaluated as part of this 
Study. The Study Objectives and targets are summarized in Table 2, along with the associated 
management strategies to mitigate impacts. These objectives have further served to develop a 
broad policy framework to direct future potential growth in the DSA.
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Table 2 Targets for Upper Cedar Creek Scoped Subwatershed Study 
Discipline Goal Objective/Target Management Strategies/Actions 

 1 To prevent, eliminate or minimize the risks to life and property caused by flooding and erosion hazards and not create new or aggravate existing hazards. 
Natural Hazards  • To ensure new development does not increase the frequency and intensity of 

flooding, the rate of natural stream erosion or increase slope instability. 
• To establish development standards and land use controls that ensure potential 

future development is located outside of, and appropriately setback from, 
flooding and erosion hazards. 

• To ensure that new development, including infrastructure, incorporates 
appropriate mitigation measures in order to avoid adverse impacts to natural 
features and areas as it relates to natural hazards. 

• To consider climate change adaptation measures as part of the development of 
flooding and erosion management strategies. 

• Provide post-to-pre-development flood control for all events up to the Regional Storm event and 
provide erosion controls to reduce critical flow exceedance at key locations along receiving 
watercourses. Guidance on future locations and form of flood controls generally set by Scoped 
Subwatershed Study. 

• Develop floodline mapping, meander belt widths, and long-term stable top of slope (desktop 
assessment) as part of the SWS to refine hazard limit definition. 

• Develop watercourse and stormwater management plan for potential future development to 
mitigate adverse impacts as determined by impact assessment. 

• Develop stormwater management plan which incorporates measures to address increased risk due 
to climate change and/or allows for adaptive management. 

 2 To protect, restore or, where appropriate, enhance the biodiversity, connectivity and ecological functions of the natural heritage features and areas throughout the Study Area for the long 
term. 

Natural Heritage  • To ensure that natural heritage features and areas, associated with a refined NHS, 
including their ecological and hydrologic functions, are protected from potential 
adverse impacts of development. 

• To ensure that buffers, corridors and linkages between natural features and areas, 
key habitat (e.g., brook trout), surface water features and groundwater features 
are maintained, restored or, where possible, improved through the establishment 
of an NHS. 

• To establish innovative development standards and land use controls that will 
ensure potential future development does not negatively impact the NHS. 

• To consider climate change mitigation and adaptation measures as part of the 
development of natural heritage management strategies. 

• To consider opportunities for maintaining and enhancing the aesthetic and 
recreational value of the NHS, as part the development of management 
strategies. 

• Build on the recommendations and guidance for the NHS based on the Region’s Greenlands 
Network Implementation Guideline. 

• Develop mapping and resources that identify key features and functions associated with core areas 
of the NHS, and evaluate key sensitives and constraints associated with proposed secondary plan 
areas 

• Develop mapping and resources that provide conceptual management recommendations for areas 
within the existing NHS, including buffers, linkages, and restoration areas. 

• Integrate the stormwater and watercourse management plan with the natural heritage system. 
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Discipline Goal Objective/Target Management Strategies/Actions 
 3 To protect, improve or restore the quality and quantity of water resources within, adjacent to and downstream of the Study Area, including their associated ecological and hydrologic / 

hydrogeologic functions 
Water 
Resources 

 • To ensure fluvial processes and stream morphology are maintained or improved 
to support important habitat attributes (pools, riffles, etc.), dynamic channel form 
and diversity which will contribute to maintaining a sustainable natural heritage 
system. 

• To prevent nutrient enrichment and contamination of surface and groundwater 
resources from development and related activities. 

• To ensure surface and groundwater features and their hydrologic functions are 
protected, improved or restored. 

• To maintain linkages and related functions among groundwater features, surface 
water features, hydrologic functions, and natural heritage features and areas. 

• To consider climate change mitigation and adaptation measures as part of 
establishing management strategies. 

• Provide erosion controls to maintain critical flow exceedance at critical locations along receiving 
watercourses as determined by the Subwatershed Study. 

• Provide stormwater quality treatment for infiltrated surface water and manage chloride 
contamination from surface runoff. 

• Meet or exceed stormwater quality control requirements for potential future development in 
accordance with Provincial (MOECC – TSS based or any updates to MOECC Guidelines) standards. 

• Maintain pre-development groundwater recharge and groundwater discharge at significant surface 
water and natural heritage features. 

• Develop stormwater management plan which incorporates measures to address increased risk due 
to climate change and/or allows for adaptive management. 

 4 To mitigate negative impacts related to the quality and quantity of stormwater within, adjacent to, and downstream of the Study Area. 
Stormwater 
Management 

 • To maintain/enhance baseflow to the receiving regulated watercourses. 
• To maintain/enhance the quality and quantity of groundwater recharge to 

municipal wellfields and significant hydrologic features. 
• To ensure that post- to pre-development peak flow control (as a minimum) 

achieves flood control objectives for all storm events (2 year to 100 year) and 
including the Regional Storm event. 

• To ensure that stormwater runoff controls maintain or enhance existing 
flow-duration exceedance characteristics and other erosion indicators in the 
receiving regulated watercourses. 

• To ensure that the treatment of runoff mitigates surface water quality impacts 
due to development in accordance with Ministry of the Environment and Climate 
Change guidelines, to an enhanced standard. 

• To mitigate thermal impacts from stormwater runoff to maintain or restore 
existing thermal regimes. 

• To incorporate Low Impact Development (LID), Green Infrastructure and Best 
Management Practices (BMPs) to treat stormwater at its source. 

• To consider climate change mitigation and adaptation measures as part of 
establishing stormwater management strategies. 

• Maintain pre-development water budget  
• Develop stormwater management plan which incorporates LID BMPs into potential future 

development and manages quality of runoff including chloride management. 
• Provide post-to-pre-development flood control for all events up to the Regional Storm event. 
• Provide erosion controls to reduce critical flow exceedance at key locations along receiving 

watercourses. 
• Meet or exceed stormwater quality control for potential future development in accordance with 

Provincial (MOECC – TSS based or any updates to MOECC Guidelines) standards. 
• Incorporate stormwater management measures and practices which mitigate thermal enrichment 

from urban development. 
• Develop a stormwater management plan which incorporates LID BMP’s into the potential future 

development. 
• Develop stormwater management plan which incorporates measures to address increased risk due 

to climate change and/or allows for adaptive management. 
• Work toward maintaining pre-development water budget 
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3 Baseline Inventory 
To complete Phase 1 – Subwatershed Characterization and Integration of the  Scoped 
Subwatershed Study, five distinct technical studies were completed. These studies are as 
follows: 

• Hydrogeology;  
• Hydrology and Hydraulics;  
• Fluvial Geomorphology; 
• Surface Water Quality; and, 
• Terrestrial and Aquatic Ecology 

Each of these studies has been included as an Appendix to this report. The following sections 
represent summaries of the methods and results for each of the technical studies. 

3.1 Climate 

3.1.1 Importance /Purpose 
Climate data are critical to developing the hydrologic and hydrogeologic/groundwater system 
modelling for characterization of the surface and subsurface water conditions at key locations 
within the Upper Cedar Creek Subwatershed. Long-term and short-term meteorological data 
sets have been used and specifically collected as part of this study within, and adjacent to, the 
Upper Cedar Creek Subwatershed for use in multi-seasonal, multi-year assessments. 

3.1.2 Background Information 
The following information has been provided by GRCA to characterize the climate in the area 
and for use in the hydrologic and water budget analyses: 

• Continuous hourly precipitation data from Roseville Gauge (1960 – 2001) for continuous 
GAWSER modelling. 

• Continuous daily air temperature data from Roseville Gauge (1960 – 2001) for continuous 
GAWSER modelling. 

• Continuous hourly precipitation data from Preston Gauge (1950 – 2017). 

• Continuous daily air temperature data from Preston Gauge (1950 – 2017). 

• Continuous hourly precipitation data from Roseville Gauge (1950 – 2016). 
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• Continuous daily air temperature data from Roseville Gauge (1950 – 2016). 

• Continuous hourly precipitation data from Waterloo/Wellington Gauge (1950 – 2016). 

• Continuous daily air temperature data from Waterloo/Wellington Gauge (1950 – 2016). 

3.1.3 Methods 

The climate data have been reviewed to determine appropriate time series and datasets for use 
in hydrologic model validation, as well as for the long-term continuous simulation. As part of 
the Scoped Subwatershed Study, continuous streamflow data have been collected during 2017 
for use in validating the GAWSER hydrologic model. The rainfall data collected for the Preston 
Gauge extend through the monitoring program period, whereas the precipitation data for all 
other stations extended to the end of 2016 only; as such, the rainfall data from the Preston 
Gauge have been advanced for use in validating the GAWSER hydrologic model. 

Continuous simulation using the GAWSER hydrologic model has previously applied the 
precipitation and temperature data from the Roseville Gauge. As noted, the current time series 
for the GAWSER modelling extends to the end of 2001. As such, the climate timeseries for 
continuous simulation using the GAWSER model has been extended to include the additional 
data from 2002 – 2016 (inclusive) for the Roseville station. This same climate dataset has also 
been used for the water balance analysis completed by the integrated MIKE SHE model 
(described in Section 3.2). 

3.2 Hydrogeology 

3.2.1 Importance /Purpose 

Detailed understanding of regional hydrogeological conditions and their relationship to 
ecosystem function and the use of groundwater for anthropogenic needs is crucial to assess 
and manage the potential impacts from land uses changes on a groundwater flow system. 
Within the Cedar Creek Subwatershed, these impacts include changes to recharge/discharge 
relationships such as: 

• Reductions in groundwater recharge may impact shallow and deep aquifers used for 
municipal water supply; and, 

• Reductions in groundwater recharge may reduce local water levels and therefore 
groundwater discharge to natural heritage features (e.g., Roseville Swamp) and flora and 
fauna reliant on groundwater discharge. 
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Reduction in groundwater recharge is anticipated as land use changes will alter the landscape 
and may limit hummocky topography and closed depression areas where dominant amounts of 
recharge naturally occur. 

Therefore, the primary objectives of the hydrogeological characterization component of the 
Upper Cedar Creek Scope Subwatershed Study are to: 

• Define the geological and hydrogeological setting within, and adjacent to, the Project Study 
Area (PSA): 

 Identify and evaluate the functional relationship and interactions groundwater may have 
with the existing surface watercourses, wetlands, and terrestrial resources; and, 

 Improve the understanding of groundwater flow paths from recharge at subwatershed 
headwaters supporting deeper aquifer units or perennial discharge at surface water 
features within the study area. 

The following sections briefly describe the hydrogeological characterization component of the 
Upper Cedar Creek Scoped Subwatershed Study. Full documentation of this component is 
included in Appendix B. 

3.2.2 Background Information 
A significant amount of detailed groundwater information exists within, and adjacent to, Upper 
Cedar Creek. Based on the groundwater team’s local knowledge base and the preliminary 
background review, further work was considered to complement existing monitoring data and 
further investigate areas of potential hydrogeologic interconnections, including: 

• Vertical connections through weaker zones in aquitards allowing recharge to penetrate to 
depth and flow through deeper aquifer units; 

• Vertical connections supporting perennial discharge along Cedar Creek or to the Roseville 
Swamp; and, 

• Lateral connections linking recharge and discharge areas. 

Specific background information sources include the following: 

• Waterloo Moraine – Ontario Geological Survey / Tier 3 regional summary report (Bajc and 
Shirota, 2007, AquaResource 2009); 

• Provincial Groundwater Monitoring Network Wells; 
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• Blair, Bechtel and Bauman Subwatershed Study (CH2M Gore & Storrie Ltd. et al. 1997); 
• MTE Hydrogeological Assessment (MTE 2014); 
• Dundas Buried Bedrock Valley Studies (Marich et al. 2011); 
• Parkway / Strasburg Wellfield Study (Terraqua 1998 and Waterloo Hydrogeologic 1998); 
• Strasburg Study – 2018/2019; and, 
• Upper Blair Creek Functional Drainage Study (Stantec 2009). 

The above listed background reports and datasets were reviewed to develop an interpretation 
of the hydrogeologic setting within the Upper Cedar Creek Subwatershed. Based on the review, 
a supplemental field program was undertaken to refine the understanding of the hydrogeologic 
setting. 

3.2.3 Methods 

Building on the background review, the methodology for characterizing the hydrogeology of 
Upper Cedar Creek Subwatershed involved three main components: hydrogeology field 
program; hydrogeologic conceptualization; and numerical modelling. Each component builds on 
the previous, with the end result being an understanding of the water balance for the 
watershed, as well as linkages between recharge and key discharge features. The methodology 
for completing each of the three main components is briefly discussed in the following sections. 

3.2.3.1 Field Program 

The groundwater field program supported refinements to the existing hydrogeological 
characterization and established baseline conditions within the DSA. Specifically, the program 
was designed to improve understanding of the flow paths from recharge at the subwatershed 
headwaters through to perennial discharge along Cedar Creek and toward the Roseville Swamp. 
Monitoring locations were selected to complement existing monitoring data and further 
investigate areas where water well records suggested potential interconnections. 
Interconnections of interest included: 

• Vertical connections through aquitard “windows” allowing recharge to penetrate to depth 
and flow through deeper aquifer units; 

• Vertical connections supporting perennial discharge along Cedar Creek or to the Roseville 
Swamp; and, 

• Lateral connections linking recharge and discharge areas. 
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The groundwater field work was coordinated with the work being completed by the other SWS 
disciplines in recognition of the interrelationship between the hydrogeological and hydrologic 
systems, other users of water for anthropogenic needs, and the local ecosystem. 

Groundwater field work completed as part of the Study included: 

• Borehole (four locations) Drilling and Monitoring Well Installations (eight wells); 
• Downhole Geophysical Logging (four locations); 
• Drive Point Mini Piezometer Installations (five installations); 
• Groundwater Level Monitoring (all monitoring wells); 
• Groundwater Quality Sampling (all monitoring wells); 
• Enriched Tritium Analysis (three well nests); 
• Single Well Hydraulic Response Testing (all monitoring wells); 
• Surface Water Baseflow Measurements (nine locations); 
• Seeps and Springs Observations (headwater reach of Cedar); and 
• Groundwater and Surface Water Temperature (well and mini piezometer locations). 

Figure 2 presents the location of the project-specific monitoring locations described in this 
section. 

3.2.3.2 Hydrogeologic Conceptualization 

To characterize the hydrogeologic setting, 14 cross-sections were developed to criss-cross the 
DSA. Figure 3 illustrates the location and orientation of these cross-sections. The north-south 
sections were oriented to approximately follow the flow direction within the subwatershed, 
while the west-east sections are oriented to follow regional groundwater gradients toward the 
Roseville Swamp and Blair Creek. In total, the conceptualization developed four north-south 
cross-sections and ten west-east cross-sections. All cross-sections extend throughout the 
overburden sediments and into the top of bedrock; they do not include details of the 
underlying bedrock units since bedrock is typically 50 to 100 m below ground surface. 

The cross-sections were designed to intersect all high-quality wells in the study area, including 
those monitored as part of this study, landowner wells, municipal water supply wells and 
RMOW/GRCA monitoring wells. Finally, the cross-sections also roughly follow the road network 
such that domestic water supply wells could be used to infill gaps between higher quality data 
points. Cross-sections were extended from areas upgradient of the expected groundwater 
divide, to areas of anticipated groundwater discharge. To ensure consistency with 
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interpretations developed as part of the Tier 3 study, the sections were also extended to high 
quality wells at nearby well fields. 

Cross-sections were interpreted to depict the continuity of the hydrostratigraphic (aquifer and 
aquitard) units described by the OGS (Bajc and Shirota 2007; Section 1.2). Borehole lithologies, 
water levels and available geochemistry data were primarily used to interpret the thickness and 
continuity of each aquifer and aquitard unit. Distinctive aquitard units (lower Maryhill Till 
[ATB3] and Catfish Creek Till [ATC1]) were used as marker beds and were interpreted first. 
Other hydrostratigraphic units were interpreted based on their sequence in relation to these 
beds, interpretation at adjacent boreholes, and consistency of water levels (note: water levels 
spanning decades are included on sections and only included in trend analyses where 
considered appropriate). Interpretations along intersecting cross-sections were transferred to 
ensure continuity in three-dimensions. Where practical, pre-existing hydrostratigraphic 
interpretations were honoured. Hydrostratigraphic units were interpreted to be generally 
present throughout the DSA and beyond as they represent significant deposition periods. 
However, the continuity of each unit was interpreted to be variable; this is particularly true for 
both the Middle and Lower Maryhill Till units (ATB2 and ATB3). Such discontinuity in the till 
units reflects interstadial erosional periods between successive glacial advances. 

Figures 4 through 7 present two north-south (NS1 and NS2) and two west-east (WE3 and WE8) 
cross-sections (note vertical exaggeration varies between 20 and 30). On these figures, the 
lithologies recorded along boreholes are represented with filled rectangles. The length of the 
rectangle reflects the thickness of each lithology encountered, while the colour represents the 
dominant material type (e.g., clay is blue while sand is yellow). Polygons behind the borehole 
logs represent the interpreted aquifer (i.e., orange) or aquitard (i.e., green) units, as labeled. 
Blue dashed lines represent interpreted water levels along the cross-section while arrows 
represent interpreted groundwater flow directions. 

3.2.3.3 Numerical Modelling 

To evaluate the water budget throughout the DSA and appropriately estimate all components 
of the water budget, two numerical modelling tools were developed, including: 

i. MIKE SHE: Integrated model of surface and shallow subsurface hydrology 
ii. FEFLOW: Groundwater flow model 

The simulations of these codes were linked together to ensure mass balance between the 
surface and subsurface flow systems; the linkage focussed on surface-groundwater exchange 
fluxes (i.e., groundwater recharge and discharge). Both models were built upon the same 
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conceptual model for local conditions, including the representation of subsurface aquifer/ 
aquitard strata. 

Model Representation of Groundwater/Surface Water Interaction 
To evaluate surface and shallow subsurface hydrology for the Cedar Creek Subwatershed, an 
integrated MIKE SHE model was constructed which encompassed the DSA as well as the 
headwaters of Blair Creek (adjacent subwatershed) (Figure 8). The MIKE SHE modelling 
platform was chosen for this task because it facilitates accounting for the temporal and spatially 
varying surface hydrology functions over a representative period of time (i.e., decades). 
Simulation of a long period of time enhances understanding of the integrated “average” 
groundwater/surface water exchange fluxes and ensures the analysis is not skewed by one year 
of data that may or may not represent longer-term conditions. The distributed parameter 
simulation achieved using MIKE SHE allows analysis of spatially varying conditions throughout 
the DSA. 

Simulation of temporal and spatial variability is important to represent the dynamic nature of 
many of the important processes that naturally occur (i.e., shallow moisture storage, 
evapo-transpiration [ET] and recharge), and also to represent the differences in these processes 
depending on location in the subwatershed and the subsurface hydrologic conditions  
(i.e., geology). This modelling tool provides enhanced confidence on the predicted water 
budget for a subwatershed, as it computes physical functions as conceptualized and thus 
requires fewer simplifying assumptions. For example, whereas ET is typically estimated based 
on a simplified Thornthwaite approximation for a few typical settings, the spatial distribution 
can be computed in MIKE SHE based on time-varying water availability and potential ET rates. 

Important spatial and temporal functions physically computed in this approach include the 
following: 

• snow storage and seasonal melting; 
• overland flow based on surface permeability, intensity of rainfall events, and antecedent 

moisture conditions; 
• shallow subsurface water storage (e.g., field capacity, residual storage, wilting point); 
• seasonal evaporation and transpiration depending on shallow water availability and timing 

during the growing season; 
• event-based, depression-focussed infiltration; 
• surplus water available to recharge the groundwater system, only where downward gradients 

exist; 



 

 
24812-528x SWS R 2019-10-03 final V1.0.docx 26 Matrix Solutions Inc. 

• discharge to surface water based on integrated gradients between the surface and 
subsurface regimes; and, 

• system response to the historic climate record and potential future climatic conditions. 

Understanding gained through the MIKE SHE modelling included the following: 

• Spatial distribution for key water budget components (average annual) including: 

 infiltration (water entering the ground and replenishing soil moisture); 
 evapotranspiration (water taken from shallow moisture); 
 ponded water (areas where water is found at ground surface for a period of time); 
 groundwater recharge (water that crosses the water table from above; zero in 

groundwater discharge areas); and, 
 groundwater discharge to surface (diffuse water discharge to wetlands, creeks, streams, 

riparian areas, etc.). 

• Temporal estimates of key water budget components for representative soil types to 
illustrate the dynamic nature of water budget components. 

Model Representation of Groundwater Flow 
While MIKE SHE is able to accurately represent surface and shallow subsurface (infiltration 
capacity and storage) conditions, it contains a simplified representation of the groundwater 
flow conditions (deeper subsurface). To accurately reflect flow in the subsurface, a 
complementary groundwater flow model was developed and calibrated using FEFLOW. The 
FEFLOW model established for the Tier Three Water Budget and Water Quantity Risk 
Assessment study (AquaResource 2009) was refined within, and adjacent to, the DSA to 
accurately represent groundwater flow conditions (Figure 9). 

Important spatial and temporal functions physically computed using the refined FEFLOW model 
included: 

• Groundwater flow through the complex structure of multiple aquifer and aquitard units. 
The finite element approach allows greater flexibility to follow these complex geometries; 

• Hydraulic response during transient pumping events, such as the pumping of TW1-12; and, 

• Hydraulic gradients, both horizontal and vertical. 
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Refinements made to the model included: 

• Refinement of the model calculation points (i.e., mesh) to smaller spacing between 
calculation points where convergent groundwater flow was expected (e.g., pumping wells 
and stream segments); 

• Elevations of model stream elevations to be consistent with the most recent digital elevation 
model; 

• Pumping rates for municipal wells were adjusted to be consistent with high quality 
observation points; pumping rates were selected to reflect 2014-2016 conditions. 
Of particular note, pumping at the Strasburg wells was significantly higher in 2014-2016 than 
for the previous FEFLOW model calibration period of 2003; and, 

• Model layer structure was updated to reflect the most up to date borehole data, and the 
revised hydrogeologic conceptualization described in Section 3.2.3.2. 

3.2.4 Results / Interpretation 

The combined calibration of the MIKE SHE and FEFLOW models provides the quantitative tools 
to evaluate components of the near surface water budget as well as the pathways that 
groundwater follows from recharge to discharge areas. 

3.2.4.1 Water Budget Elements 

Quantifying components of the water budget under current conditions provides understanding 
regarding the function of the hydrologic components within the subwatershed. Only once this 
understanding has been developed can we begin to understand the implications of changes to 
the landscape and their impact on the hydrologic components. 

Quantifying “Annual Average” Water Budget Components 
The water budget elements were quantified by characterizing the surface and subsurface 
physical conditions, and then calibrating numerical modelling tools to physically-based field 
observations. This calibration was not done for a “typical condition”, but rather continuous 
simulations were performed to ensure that the physics represented in the model reflected the 
range of conditions observed over a 20-year period. Such continuous simulations also facilitate 
accounting for temporal changes in the water budget, reflecting the fact that conditions in the 
past will affect how the system responds to current and future precipitation events. 
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Continuous simulations were undertaken with a MIKE SHE model over the period from 1998 to 
2017. Hourly climate data is used as input for the model. Adaptive time steps were employed to 
represent the physical processes that determine how much precipitation can infiltrate, will 
runoff, will pond in closed depressions, will be evaporated or transpired by plant life, or will 
percolate beyond the plant root depths to become groundwater recharge. All of these 
functions are computed within the model, in 3-dimensions. The overland and unsaturated zone 
and saturated zone are constrained to different maximum time steps (0.5, 1, and 6 hours 
respectively). The adaptive time stepping allows the model to use shorter time steps during 
storm events and longer time steps during dry periods. This provides insight into how each of 
these components interacts throughout a range of climatic conditions; this detailed 
understanding is then used to evaluate average conditions so that the representative spatial 
variability can be mapped. 

Figures 10 through 13 present the spatial distribution of key water budget elements, including 
the infiltration, evaporation, temporarily ponded water, and groundwater recharge. The 
patterns reflected within each of these images include areas of differences in surficial geology 
(note Port Stanley Till area in the headwater of Cedar Creek), the Roseville Swamp (dominant 
discharge area with ponded water and high ET), and areas of perennial streamflow such as the 
Cedar Creek south of Roseville Road (frequent ponded water, lower infiltration, low recharge 
and high ET). Note that ponded water in this figure reflects the percentage of time that each 
cell experiences ponded water of more than 5 mm. 

Lateral flow off areas of lower hydraulic conductivity (i.e., Port Stanley Till), while not directly 
presented in these images, is evident in the spatial distribution of groundwater recharge. Note 
that areas of higher groundwater recharge are present along the perimeter of the till area, as 
well as within areas of closed depressions where ponded water occurs more frequently. 

One thing to note is that the computed areas of groundwater discharge (Figure 14) and ponded 
water (Figure 12) associated with the Roseville Swamp extend further to the west than the 
current forested area. A review of air photography suggests that these agricultural fields are 
tile-drained, supporting the concept that groundwater discharge is occurring, but it is being 
re-routed through tile drainage. 

Over much of the Cedar Creek DSA recharge rates exceed 300 mm/year. For context, the Tier 2 
Water Quantity Stress Assessment identified Significant Groundwater Recharge Areas (SGRAs) 
as those areas whose groundwater recharge values exceed 202 mm/year (AquaResource 2009). 
Using these criteria, the predominance of lands within the DSA would be classified as SGRAs. 
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The Tier 2 Water Quantity Stress Assessment also found much of the lands within Cedar Creek 
to be identified as a SGRA, which confirms the recharge values estimated as part of this study. 

SGRAs are used in coordination with intrinsic susceptibility mapping to determine a 
vulnerability score outside of wellhead protection areas. SGRAs are one of the three types of 
vulnerable areas identified by the Province under the Source Water Protection framework. 

Table 3 presents the spatially averaged water budget quantities computed for the period from 
1998 to 2017. These dates reflect a range of simulated climate conditions (i.e., precipitation and 
temperature variability) that occurred during this time period. Changing climatic conditions 
may alter these values. 

The simulated inflows of water to the model include precipitation of 914 mm/year and 
groundwater inflow of 391 mm/year, for a total input to the DSA of 1,305 mm/year. 

The simulated outflows from the model include evapotranspiration of 577 mm/year (44%), 
stream discharge of 281 mm/year (22%), groundwater discharge of 418 mm/year (32%), and a 
net increase in stored groundwater of 28 mm/year (2%). Note that the change in storage would 
likely be different if the simulated time period were altered; over a longer-term this would be 
expected to trend to zero. 

The infiltration and recharge within the DSA are 808 mm and 351 mm, respectively. Infiltration 
is close to total precipitation volume but excludes water lost to canopy interception, runoff, and 
evaporation. Only a portion of the infiltrated water reaches the water table due to 
evapotranspiration losses from the root zone. Infiltration and recharge are internal model 
parameters and are not be included in the water balance summation of components. 

Note that no pumping is recorded in this water budget table as there are no simulated wells 
within the DSA. While it is recognized there are local private groundwater takers, most of the 
water they pump is expected to be returned through septic systems and thus their consumptive 
use is expected to be negligible. Municipal pumping wells are not located within the DSA, but 
water flowing to those wells is reflected in the groundwater outflow value. 
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Table 3 Spatially and Temporally Averaged Water Budget Rates for the Detailed Study 
Area 

Water Budget  
(1998 – 2017) 

Spatially Averaged Annual Rate  
(mm/year) 

Precipitation 914 
Infiltration1 808 
Evapotranspiration 577 
Groundwater Recharge1 351 
Boundary Flow 

 

Overland Boundary Inflow 0 
Overland Boundary Outflow 0 
Subsurface Boundary Inflow 391 

Subsurface Boundary Outflow 418 
Streamflow 

 

Overland to River 22 
Baseflow to River 259 

Storage 
 

Subsurface Storage Change 28 
Canopy Storage Change 0 

Snow Storage Change 0 
Overland Storage Change 0 

Imbalance 0 
1 Infiltration and recharge are internal model parameters and should not be included in the water 
balance summation of inflows and outflows 

 
Table 4 provides a seasonal break-down of the water budget on a monthly basis for the DSA for 
the period from 1998 to 2017. Monthly water budgets can further the understanding of how 
the watershed behaves seasonally. It illustrates how the long-term average conditions vary 
throughout the year. 
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Table 4 Monthly Water Budget for the Detailed Study Area 
Water Budget  
(1998-2017) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Precipitation 70 59 60 78 80 81 95 77 79 84 78 73 
Evapotranspiration 3 4 21 49 78 113 104 92 54 34 16 7 
Boundary Flow             

Overland Boundary 
Inflow 

0 0 0 0 0 0 0 0 0 0 0 0 

Overland Boundary  
Outflow 

0 0 0 0 0 0 0 0 0 0 0 0 

Subsurface Boundary  
Inflow 

33 30 33 32 33 32 33 33 32 33 32 33 

Subsurface Boundary  
Outflow 

35 32 35 34 36 35 36 36 35 36 34 35 

Streamflow             
Overland  1 1 2 4 2 2 2 2 1 2 2 1 
Baseflow  24 22 24 25 23 19 19 18 18 21 22 23 

Storage Change             
Subsurface Storage  15 14 33 41 -26 -55 -32 -37 2 24 34 14 

Snow Storage  25 16 -24 -44 0 0 0 0 0 0 2 25 
Imbalance 0 0 0 0 0 0 0 0 0 0 0 0 

Precipitation is fairly evenly distributed on a monthly basis, with average monthly precipitation 
ranging between 58 and 89 mm. The wettest month is July due to larger summer thunderstorm 
events. Precipitation is lowest during winter months January to March, with the driest month 
occurring in February when ground conditions are presumed to be frozen. Evapotranspiration is 
highest in June and July and exceeds precipitation in all three summer months. 

Subsurface boundary inflow and outflow remain consistent year-round. However, as the water 
table fluctuates, more water can enter or leave the system through model boundaries. There is 
a net subsurface outflow as groundwater travels east toward Roseville Swamp and south to the 
main tributary of Cedar Creek where discharge areas exist. There is no overland boundary 
inflow or outflow as the sand and gravels are highly permeable resulting in high infiltration. 

Streamflow within the DSA is primarily baseflow driven. The highest baseflow and overland 
flow occur in April which corresponds to the freshet and highest release of snow from snow 
storage and largest increase in subsurface storage as groundwater recharge is high. 
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The two main storage components are subsurface storage and snow storage. Snow 
accumulates during the winter months and melts in March and April. Water is depleted from 
subsurface storage during summer months due to increased evapotranspiration and reduced 
groundwater recharge values. The saturated zone storage is replenished throughout the 
remainder of the year through recharge and is highest in April due to the freshet and spring 
conditions. 

Cedar Creek Water Balance and Function 
Beyond the quantification of the water budget values, there is a need to understand the 
current function of groundwater originating within the DSA, as this recharging groundwater will 
eventually discharge at streams/wetlands or be captured by pumping wells. 

The FEFLOW groundwater model was used to understand the groundwater flow patterns and 
to determine linkages between recharge and discharge areas, based on the current 
understanding of the subsurface hydrogeologic conditions. Particle tracking was used within 
the FEFLOW model to track fictitious particles of recharging water to their eventual discharge 
location. The particle start locations are then colour-coded to reflect where recharging water is 
simulated to eventually discharge (Figure 15). Identified discharge areas include the following: 

• Grand and Nith Rivers: As the DSA represents the topographic high between the regional 
discharge features of the Grand and Nith Rivers, some local recharge is simulated to discharge 
at those distant features. 

• Roseville Swamp: Following the general flow trend from northwest to southeast, a portion of 
the water recharging within the DSA is simulated to discharge at the Roseville Swamp. 

• Cedar Creek: Recharge occurring south of New Dundee Road within the DSA generally 
supports stream baseflow within Cedar Creek south of Roseville Road. 

• Blair and Strasburg Creeks: A portion of the recharging water north of New Dundee Road is 
also simulated to discharge within the neighbouring (downgradient) subwatersheds of Blair 
and Strasburg Creeks. 

• Strasburg Well Field: A small portion of the recharging water north of New Dundee Road near 
the headwaters of the Cedar Creek Subwatershed is simulated to be captured by the 
municipal wells at the Strasburg Well Field (note: the simulated condition reflects pumping 
during the 2014 – 2016 period). 
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Consequently, recharge occurring within the DSA helps to support groundwater discharge 
functions at many area discharge features and the nearest downgradient municipal wells.  

Also included on Figure 15 are those surficial areas whose recharged water will eventually 
interact with the deeper aquifer (AFD1) prior to reaching its ultimate discharge location. These 
are represented by hatched areas. Within the identified areas, should contaminated water 
(e.g., nutrients, chlorides, etc.) be infiltrated and subsequently become groundwater recharge, 
there is a risk of these contaminants being introduced to the lower aquifer (AFD1). 

Groundwater flow analysis indicates that recharging water within the headwaters of the DSA 
(i.e., north of New Dundee Road) migrates through the underlying aquitards to the deep aquifer 
(AFD1) along its flow route to the discharge features discussed above. The rate of flow from the 
shallower aquifer (AFB2) to the deeper aquifer (AFD1) is spatially variable but is computed to 
vary from ⅓ to ⅔ of the recharge rate. Figure 16 shows the computed flow rate per unit area 
(i.e., groundwater flux) between AFB2 and AFD1. As this figure illustrates, downward flow 
conditions are simulated to persist throughout the entirety of the DSA north of New Dundee 
Road; upward flow conditions are simulated to occur closer to the Roseville Swamp and Cedar/ 
Eden Creeks (generally south of Roseville Road). 

Table 5 presents the simulated volume of water recharging within the DSA that reaches each 
discharge feature and also the relevance of that recharge to each discharge feature. The 
dominant volume of recharge within the DSA (71%) discharges along the western tributary and 
main reaches of Cedar Creek; that local recharge represents more than 68% of the observed 
discharge for the western tributary of Cedar Creek and almost 32% of observed discharge along 
the main branch of Cedar Creek (between Highway 401 and Alps Road). The remaining 
discharge along these reaches comes from the deep aquifer (reflecting regional groundwater 
flow). 

Of similar noteworthiness, local recharge within the DSA also represents approximately 56% of 
the simulated discharge supporting conditions at the Roseville Swamp. The remaining recharge 
represents smaller portions of discharge to neighbouring creeks, rivers and well fields. 
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Table 5 Summary of Recharge Volume Function 

Receptor 

Receptor 
Capture Area 
Within DSA 
(Hectares) 

% of Total DSA 
Recharge 

% of Discharge Originating 
from within the DSA  

(i.e., relevance of DSA 
recharge) 

Grand River 63.2 2% <1% 
Blair Creek  
(Incl. Roseville Swamp) 

226.0 10% 12% 

 Blair Creek  
(Not Incl. Roseville Swamp) 

10.4 0% 1% 

Roseville Swamp 215.6 10% 49% 
Cedar Creek Western Trib. 484.0 26% 70% 
Cedar Creek Eastern Trib. 87.5 4% 11% 
Cedar Creek u/s Alps Road 850.4 44% 32% 
Cedar Creek d/s Alps 23.8 1% 1% 
Nith River 74.7 6% <1% 
Strasburg Wellfield 15.6 0% 5% 
Ayr Wellfield* ~44 ~1% N/A 
Roseville Wellfield* ~30 ~3% N/A 

* indicates receptors where numerical model resolution is insufficient to accurately quantify the portion 
of DSA that is contributing recharge. Analysis has shown that a hydraulic connection between the DSA 
and receptor exists to a certain degree. 

3.3 Hydrology and Hydraulics 

3.3.1 Importance /Purpose 

The purpose of developing hydrologic and hydraulic models for existing and urbanizing 
subwatersheds is to provide a better understanding of the conditions which influence the 
amount and movement of water in the system, both under existing land use and potential 
future land use conditions. By developing representative models, which reasonably predict 
seasonal and storm-based runoff response, the impacts of past and potential future 
urbanization can be better quantified and thereby appropriate management strategies can be 
established in the future, as part of integrated management plans. 

Full results of the hydrologic and hydraulic analyses and characterization are presented in 
Appendix C. Key findings of the characterization are summarized in the following sections. 
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3.3.2 Background Information 

Background information related to the hydrology and hydraulics within the Upper Cedar Creek 
Subwatershed has been provided by the Region of Waterloo and GRCA for use in this study. The 
following provides an overview of the information pertinent to the hydrologic and hydraulic 
modelling and analyses. 

Reports 
• Cedar Creek Floodline Mapping Study (McCormick Rankin Corporation, February 2005) 
• Mapping 
• LiDAR DTM (2017-2018) 
• GAWSER model subcatchment boundaries (2005) 
• GRCA monitoring locations 
• Surficial soils 
• GRCA Floodline Mapping (2005) 
• GRCA Regulatory Limit 
• GAWSER HRU Mapping (2005) 
• HEC-RAS Cross-Section Location (2005) 

Meteorological Data 
• Continuous daily air temperature data from Roseville Gauge (1960 – 2001) for continuous 

GAWSER modelling. 
• Continuous hourly precipitation data from Preston Gauge (1950 – 2017). 
• Continuous daily air temperature data from Preston Gauge (1950 – 2017). 
• Continuous hourly precipitation data from Roseville Gauge (1950 – 2016). 
• Continuous daily air temperature data from Roseville Gauge (1950 – 2016). 
• Continuous hourly precipitation data from Waterloo/Wellington Gauge (1950 – 2016). 
• Continuous daily air temperature data from Waterloo/Wellington Gauge (1950 – 2016). 
• Hyetographs for 4-hour Chicago synthetic design storms (2-year, 5-year, 10-year, 25-year,  

50-year, and 100-year return periods). 

Streamflow Data 
• Continuous hourly flow data at GRCA station at Cedar Springs Road (May 2015 to  

September 2017) 

Models 
• GAWSER hydrologic models (Schroeter & Associates 2003) 
• HEC-RAS hydraulic models (McCormick Rankin Corporation 2005) 
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3.3.3 Methods 

3.3.3.1 Baseline Characterization 

A baseline characterization of the hydrologic conditions focussed on surface water within the 
Upper Cedar Creek Subwatershed has been developed based upon a desktop review of the 
background information provided for this study to characterize the area’s existing drainage 
systems, soils, slopes, and land use conditions. 

Drainage Systems 
The drainage system through the Upper Cedar Creek Subwatershed is largely comprised of a 
well-defined riverine system particularly through the lower reaches of the Upper Cedar Creek 
extending approximately from Highway 401 to the outlet in Ayr. Within the headwaters, the 
drainage system extends through agricultural fields, with poorly defined or undefined drainage 
features. The subwatershed also includes a significant wetland, north of Highway 401, which 
influences the hydrologic conditions within the watershed. In addition, online reservoirs with 
control structures are located within the Town of Ayr, further toward the outlet to Nith River. 

Soils 
Surficial soils within the PSA have been characterized based upon a review of the surficial soils 
mapping information, the hydrologic response unit (HRU) characterization from the GAWSER 
modelling, and the findings of the hydrogeologic characterization. Based upon this information, 
the soils within the study area are noted to consist of highly permeable material, often 
including mixes and blends of sand and gravel. Soils tend to be largely homogeneous in terms of 
infiltration potential and composition throughout the study area (ref. Figure 17). 

Slopes 
The surface slopes within the study area tend to be steeper (5% +/-) within the headwater 
areas, and gentler adjacent to the main branch of the Upper Cedar Creek (1% +/-). Along Cedar 
Creek, the longitudinal gradient downstream of Highway 401 is generally lower (i.e., 0.5%), and 
immediately upstream of Highway 401 the channel gradients are quite moderate due to the 
wetland formation in the area. 

Land Use 
Land use conditions within the Upper Cedar Creek Subwatershed have been characterized 
based upon a review of the available 2015 and 2016 combined aerial imagery (ref. Figure 18). 
The land use conditions are primarily agricultural, interspersed with forests and wetlands 
particularly within areas of the headwaters, as well as along the lower reaches of the Upper 
Cedar Creek. Industrial land use conditions are located along Highway 401, west of the main 
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creek and south of the north east tributary. Further toward the outlet of the Upper Cedar 
Creek, urban land uses are present within the Town of Ayr. As noted earlier, the PSA also 
includes an online reservoir at the outlet of the Upper Cedar Creek within the Town of Ayr, and 
a large wetland upstream of Highway 401. 

Depression Storage Areas 
The topographic information provided as part of the LiDAR data indicates that depression 
storage areas account for approximately 30% of the DSA. Large concentrated depression areas 
are found for subcatchments on the Northeast Branch, subcatchments on the main branch 
within the wetland area (ref. GAWSER model Subcatchments 145, and 1382 and 1384), and 
Subcatchments 107, 1381, and 132 contributing to the main branch. The Northwest Branch 
contains mainly distributed depression areas (ref. Figure 19). While depressions are present, 
they are typically found in areas that are characterized by highly permeable sand deposits. As a 
result of the sandy conditions promoting infiltration rather than runoff, these depressions play 
a minor role in capturing and storing overland runoff. 

3.3.3.2 Field Monitoring: Rainfall / Runoff 

A field monitoring program has been implemented as part of the Scoped Subwatershed Study 
to collect streamflow data to support the validation the hydrologic model, as well as to 
characterize the local runoff response within the subwatersheds. Field reconnaissance was 
conducted May 31, 2017 to review candidate sites for installing a temporary flow gauge and 
select the preferred site for temporary flow monitoring. A Solinst Levelogger™ flow gauge was 
installed at the preferred site (located immediately upstream of Reidsville Road) on June 22, 
2017. This gauge collected continuous water level data until November 30, 2017 when it was 
removed prior to freeze-up (ref. Figure 20). 

In addition, as part of this study, GRCA has provided flow data collected by the GRCA’s gauge 
located upstream of Cedar Creek Road, as well as local rainfall data. The locations of the various 
gauges are presented in Figure 20. 

Velocity metering has been conducted within the channel at the study streamflow monitoring 
location during both dry and wet weather events to establish stream velocities at various 
depths. Given the proximity of the depth probe to the hydraulic structures along Reidsville 
Road, corresponding flow areas have been determined based upon the measured flow depths 
at the culverts and using flow depth and flow area relationships for the culverts per MTO 
Design Chart 2.30. Observed flow rates have been established based upon the recorded 
velocities and corresponding flow areas. A stage-discharge relationship has been established at 
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the monitoring location, using the depth-discharge information provided per MTO Design Chart 
2.30, and the results compared with the measured flow rates. 

The rating curve has been used to convert the continuous depth readings at the gauge to 
corresponding continuous flow rates at the flow monitoring site. The streamflow and rainfall 
data have been analyzed in order to verify whether the resulting hydrographs are considered 
representative of the anticipated hydrologic conditions, based upon the land use and soils 
within the contributing drainage areas. The results indicate that the observed runoff at the 
GRCA and study monitoring stations were determined to be quite low for all observed events. 
This observation is considered attributable to the prominently rural land use conditions within 
the study area, and moreover a function of the higher permeability soils throughout the Upper 
Cedar Creek Subwatershed. The low runoff coefficients calculated based upon the observed 
flow and rainfall data are further corroborated by incidental observations reported by members 
of the Study Team, which noted no or negligible observable surface runoff during the summer 
periods, although surface runoff was observed at certain locations during the spring freshet 
early in 2018. 

3.3.3.3 Hydraulic Structure Survey 

A detailed survey of all hydraulic structures crossing Cedar Creek and its tributaries was 
completed over 2017. A separate watercourse cross-section survey was also conducted for 
establishing low flow channel geometrics at various locations. A Global Positioning System 
(GPS) was used to establish points at every survey location and to establish horizontal and 
vertical controls at each structure. Each surveyed cross-section was entered in an ExcelTM 
spreadsheet for incorporation into both the HEC-RAS models and the study database. 
Additional information was provided by the Ministry of Transportation Ontario for hydraulic 
structures along Highway 401, which cross the regulated watercourses in the area. The 
hydraulic structure locations are presented on Figure 21, and the hydraulic structure inventory 
is summarized in Table 6. 

As part of the hydraulic structure inventory, spot elevations have been obtained for comparison 
with the contour data provided for developing the hydrologic and hydraulic models. The results 
of this comparison have indicated that all surveyed elevation points fall within a suitable range 
of the bounding existing contours along the roadways. 
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Table 6 Hydraulic Structure Inventory at Crossings of Regulated Watercourses 

Culvert 
ID Culvert Location Type Span/ 

Diameter(m) Rise(m) 
Upstream and 
Downstream 

Inverts 
1 Greenfield Road / 

Township Road 3W 
Twin C.M.P. – 

P.H.E  
3.10 2.00 289.13 / 289.188 

289.182 / 289.133 
2 Reidsville Road / 

Township Road 8 
Twin C.M.P. – 

P.H.E  
3.10 2.00 289.76 / 289.67 

289.734 / 289.695 
3 Alps Road / 

Township Road 2W 
Twin C.M.P. – 

P.H.E  
3.40 1.80 293.137 / 293.114  

293.245 / 293.051 
4 Cedar Creek Road C.M.P. 2.90 - 296.571 / 296.423 
5 Railway Crossing north of 

Cedar Creek Road 
Concrete Box 3.00 1.45 296.95 / 296.91 

6 Highway 401 Concrete Box 5.49 1.68 297.54 / 297.55 
7 Private Driveway south of 

Roseville Road 
Concrete Box 1.20 1.40 304.161/ 304.266 

8 Industrial Road C.M.P. – P.H.E. 3.10 2.00 309.291 / 309.022 
9 Roseville Road C.M.P. – P.H.E. 3.10 2.00 309.729 / 309.552 

10 New Dundee Road C.M.P. – P.H.E. 1.62 1.14 331.259 / 330.62 
11 Highway 401 North of 

Rife Road 
Concrete Box 4.57 1.52 300.998 / 300.746 

Notes: C.M.P.: Corrugate Metal Pipe. P.H.E.: Pipe Horizontal Ellipse 
 

3.3.3.4 Hydrologic Model Development 

As per the Term of Reference (TOR) and approved Work Plan, hydrologic analyses for the Upper 
Cedar Creek Subwatershed have been completed using the GAWSER (Guelph All-Weather 
Sequential-Events Runoff Model) methodology. The hydrologic modelling has built upon, and 
refined, the hydrologic model developed for the 2005 Floodline Mapping Study (ref. McCormick 
Rankin Corporation, February 2005). The parent model discretization within the study area has 
been refined based upon the topographic mapping compiled by the Study Team for this study. 
The topographic mapping has consolidated the LiDAR DEM within the DSA with the 2015 DEM 
for the remainder of the subwatershed. Additional subcatchments have been incorporated into 
the DSA to establish peak flows at drainage outlets and hydraulic structures. The subcatchment 
boundaries external to the DSA have been largely retained from the parent GAWSER modelling 
and refined as appropriate to correspond to the contour mapping developed for this study. The 
subcatchment boundary plan is provided on Figure 19. As part of this study, the number of 
subcatchments within the DSA has been increased from 15 to 38. The parameterization for the 
refined subcatchments has been undertaken maintaining general consistency with the 
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parameterization of the parent model. Hydrologic Response Unit (HRU) distributions for the 
refined subcatchments have been reviewed and updated based upon the HRU mapping 
provided by GRCA for use in this study and the review of impervious coverage. The depression 
storage units have been added to the refined subcatchments, based upon GIS spatial analysis of 
the DEM. Sensitivity analyses and parameter adjustments have been completed to improve 
upon the correlation between observed and simulated runoff response for the observed storm 
events during the monitoring program. 

Hydrologic Analyses 
Hydrologic analyses have been completed to establish peak return period flows for the 2-, 5-, 
10-, 25-, 50-, and 100-year return periods, as well as for the Regional (Hurricane Hazel) Storm 
event. To maintain consistency with the approach applied in the 2005 Floodline Mapping Study, 
return period peak flows have been established using the 2- to 100-year 4-hour Chicago storms. 
In the 2005 study, embankment storage upstream of crossings was included in the existing 
condition models for all storm events. Consistent with current standards of practice for 
hydrologic analyses, the embankment storage elements have been removed from the refined 
models for design storm and Regional Storm event modelling. In addition, the, depression 
storage elements and stormwater management facilities have been removed for the Regional 
Storm event model, consistent with industry direction in Provincial Guidelines. Areal reduction 
factors have been applied to the Regional Storm Event in accordance with current Provincial 
guidance. Simulated peak flows at key locations from the refined model are summarized in 
Table 7. 

Table 7 Simulated Peak Flows for Upper Cedar Creek Subwatershed 

HYD Location Area 
(km2) 

Event (year) 

2 5 10 25 50 100 Regional 
Storm1  

101 NW Branch d/s 
New Dundee Rd 

3.35 0.31 0.77 1.15 1.61 1.97 2.43 8.91 

21032 NW Branch at Outlet of 
Subcatchment 1032 

4.76 0.36 0.99 1.51 2.15 2.67 3.37 12.91 

2103 NW Branch at Outlet of 
Subcatchment 1033 

6.96 0.42 1.22 1.86 2.67 3.36 4.28 16.69 

2105 NW Branch u/s Roseville Rd 8.17 0.52 1.42 2.14 3.06 3.85 4.89 19.25 
2108 NW Branch at Roseville Rd 9.38 0.84 1.92 2.76 3.83 4.78 6.03 23.66 

21103 Outlet of Subcatchment 
1103 

9.94 0.95 2.09 2.97 4.10 5.11 6.37 24.96 
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HYD Location Area 
(km2) 

Event (year) 

2 5 10 25 50 100 Regional 
Storm1  

2110 Outlet Northwest Branch 12.20 1.74 2.92 3.96 5.29 6.58 8.02 31.01 
2112 Outlet Northeast Branch 19.25 0.92 2.05 2.95 4.19 5.14 6.14 23.72 
2127 Northeast Branch at 

Roseville Rd (2nd) 
16.06 0.50 1.23 1.86 2.73 3.40 4.02 16.86 

2128 NE Branch at Roseville Rd 
(1st; Hwy 401) 

17.54 0.59 1.46 2.20 3.20 3.99 4.77 19.37 

2129 East Branch Cedar Creek 
u/s Highway 401 

18.83 0.78 1.89 2.77 4.00 4.94 5.88 22.54 

2130 Cedar Ck d/s Conf. East & 
West 

31.45 2.56 4.94 6.79 9.17 11.42 13.81 54.73 

2131 Cedar Ck d/s outlet of 130 32.51 2.61 5.12 7.01 9.44 11.72 14.18 55.62 
2135 Cedar Ck u/s Cedar Ck Road 35.30 2.84 5.53 7.58 10.21 12.66 15.32 60.89 
2138 Cedar Ck between Alps and 

Cedar 
37.15 3.06 5.80 7.88 10.56 13.04 15.67 63.90 

2140 Cedar Ck at Alps Rd 38.84 3.12 5.97 8.14 10.95 13.53 16.26 66.40 
2160 Cedar Ck at Greensfields Rd 48.55 3.37 6.60 9.08 12.28 15.11 18.27 77.74 
1160 Cedar Ck at Reidsville Rd 47.84 3.33 6.54 9.00 12.18 14.99 18.15 76.50 
2175 Outlet of Southeast Branch 21.43 0.24 0.84 1.33 1.94 2.40 2.89 9.07 
2176 Cedar Ck d/s Southeast 

Branch 
69.98 3.39 6.67 9.20 12.48 15.51 18.82 82.79 

2178 Cedar Ck u/s Southwest 
Branch 

70.99 3.40 6.48 8.94 12.12 14.92 16.38 82.17 

2182 Outlet of Southwest Branch 2.76 0.22 0.77 1.19 1.72 2.13 2.59 9.55 
2183 Cedar Creek d/s of 

Southwest Branch 
73.74 3.43 6.60 9.14 12.43 15.31 16.84 85.04 

2185 Cedar Creek at Ayr Gauge 74.30 3.43 6.60 9.15 12.44 15.32 16.86 85.29 
5185 Cedar Creek at Jedburgh 

Pond Outlet, Ayr 
74.30 3.34 6.32 8.61 11.64 14.88 16.60 84.60 

2190 Cedar Creek at Nith R. 74.72 3.34 6.33 8.61 11.65 14.89 16.60 85.30 
5190 Cedar Creek outlet at Nith 

R. Outlet 
74.72 3.34 6.24 8.53 11.51 14.68 16.32 85.41 

Notes: 1. with reduction factors 
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Water Budget Analysis 
The refined GAWSER model has been executed in continuous mode, using the long-term 
meteorologic timeseries provided by GRCA for the parent GAWSER model, and the results have 
been used to establish a surface water budget for the Upper Cedar Creek Subwatershed. These 
results have been used to corroborate the groundwater generated water budget presented in 
Section 3.2.4.1. The results of this assessment are presented in Table 8. 

Table 8 Monthly Water Budget Assessment for Upper Cedar Creek Subwatershed – 
Existing Land Use Conditions 

Month Rainfall 1. 

(mm) 

Runoff Infiltration and 
Evapotranspiration/Storage 

Total % of 
Rainfall 

Total % of 
Infiltration (mm) (mm) 

June 71.8 5.3 7.4% 66.5 93% 
July 77.2 3.9 5.0% 73.3 95% 

August 102.8 3.7 3.6% 99.2 96% 
September 32.4 0.9 2.9% 31.5 97% 

October 70.6 3.0 4.2% 67.6 96% 
November 85.8 3.4 4.0% 82.4 96% 

Mean 73.76 3.0 3.9% 70.9 96% 
GRCA Gauge 

January 26.5 3.9 15% 22.6 85% 
February 19.6 0.4 2% 19.2 98% 

March 68.1 2.1 3% 66.0 97% 
April 26.7 3.0 11% 23.7 89% 
May 48.6 3.0 6% 45.6 94% 
June 86.0 2.6 3% 83.4 97% 
July 81.4 2.7 3% 78.7 97% 

August 122.3 3.5 3% 118.8 97% 
September 45.4 1.3 3% 44.1 97% 

October 66.8 2.0 3% 64.8 97% 
November 74.1 2.4 3% 71.7 97% 
December 59.2 1.4 2% 57.8 98% 

Mean 60.4 2.3 4.8% 58.0 95% 
Notes: 1. Average Total Rainfall from Roseville Gauge 
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The results in Table 8 indicate that the refined GAWSER model simulates low runoff potential 
for the summer months (i.e. June, July, and August), with comparatively higher runoff volumes 
during the fall (i.e. September, October, November). These trends are considered consistent 
with anticipated conditions for primarily rural and largely non-urban land uses. The results 
further indicate that the majority of rainfall would be infiltrated into the ground, rather than 
reaching receiving watercourses as direct runoff. These results are considered consistent with 
the characterization of the hydrologic conditions within the subwatershed, whereby the soils 
exhibit a low runoff and high infiltration potential. 

Of particular note, the parent and refined GAWSER models have not been set to account for 
evapotranspiration as part of the water budget modelling. Various methods may be applied to 
account for this component of the water budget (i.e. incorporating pan evaporation data, 
estimating from temperature data, etc.). Per the study TOR and the Approved Work Plan, the 
full water budget assessment is established per the MIKE SHE integrated model, as part of the 
groundwater modelling and analysis (see Section 3.2.4.1). 

3.3.3.5 Hydraulic Model Development 

Hydraulic modelling has been completed for the study area open watercourses, to establish the 
Regional Storm (Regulatory) floodplain for the Upper Cedar Creek. Subsequent to the initial 
development of the HEC-RAS hydraulic model, GRCA staff incorporated further updates and 
revisions to the geometry data for the reach north of Roseville Road, including the reach 
upstream of New Dundee Road, wherein the lands are subject to overland flooding although no 

defined drainage feature is discernible on the landscape. A HEC-GeoRAS hydraulic model has 
been developed, using the LiDAR DTM provided for use in this study, as well as the field 
information collected for the hydraulic structure inventory. The DTM provided for use in this 
study has been compared to the geodetic survey data collected by the Study Team to verify 
that the accuracy of the DTM is within the range suitable for use in hydraulic modelling and 
floodline mapping. The 2017-2018 DTM provided by GRCA is based upon the CGVD2013 vertical 
datum, while the vertical datum of the survey is CGVD28. The survey elevations have been 
converted to the CGVD2013 datum for comparison to the DTM, utilizing GPS.H tool developed 
by Natural Resources Canada. The results of this assessment indicate that the geodetic survey 
elevations are generally 0.12 m lower than the DTM provided, which is considered within an 
acceptable accuracy. Consequently, the DTM provided by GRCA is considered sufficient for use 
in floodline mapping. Standard values of Manning’s ‘n’ have been used for the computations. 
Channel roughness values have been set to 0.035 for all channel reaches. Overbank values have 
ranged from 0.050, where the overbank is predominately open field, to 0.10 where the 
overbank is dominated by thick brush and trees. For the hydraulic structures, the expansion and 
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contraction coefficients of 0.3 and 0.5 respectively have been used, since all the study area 
structures are considered representative of typical bridge/culvert sections; for the balance of 
the cross-sections, since the model has been executed under the subcritical flow regime, the 
coefficients of contraction and expansion have been set to 0.1 and 0.3, respectively. The reach 
lengths downstream of each cross-section have been measured based on the standard practice 
of calculating the length of the anticipated path of the center of mass for the overbank flow. 
Cross-sections and topographic data have been reviewed carefully to ensure that all ineffective 
flow areas have been accounted for in the model. Sensitivity analyses and model validation has 
been completed to verify the model parameterization, and application of the model for 
floodline mapping. 

Regulatory Floodline Mapping and Hydraulic Analysis 
The floodline mapping for the Regional Storm and the 100-year return period storm events and 
cross-section location plan are provided on Figure 22. As per the terms of reference, this study 
has focussed on the Main Branch of Upper Cedar Creek and the east and west upper tributaries 
(which confluence immediately upstream of Highway 401). For the balance of the tributaries, 
the floodline has been retained per the previous study (2005 MRC) as they are not part of the 
scope for this study. 

The results of the HEC-RAS hydraulic model have been further used to evaluate the freeboard 
(i.e. difference in elevation between minimum edge of travelled way and water surface 
elevation for design event), capacity and flood potential at the hydraulic structures along the 
Upper Cedar Creek. The results of this assessment are summarized in Table 9. 

Table 9 Hydraulic Structure Freeboard and Overtopping Assessment 

Culvert 
ID Culvert Location Type Freeboard 

Event 
Overtopping 

Event 

Depth of 
Overtopping for 
Regional Storm 

(m) 
1 Greenfield Road / 

Township Road 3W 
Twin 

C.M.P. - P.H.E  
5 Year Regional 0.59 

2 Reidsville Road / 
Township Road 8 

Twin 
C.M.P. - P.H.E  

<2 Year 25 Year 0.81 

3 Alps Road / Township 
Road 2W 

Twin 
C.M.P. - P.H.E  

<2 Year 100 Year 0.34 

4 Cedar Creek Road C.M.P. Regional - - 
5 Railway Crossing north 

of Cedar Creek Road 
Concrete Box <2 Year 10 Year 0.60 

6 Highway 401 Concrete Box 100 Year Regional 0.40 
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Culvert 
ID Culvert Location Type Freeboard 

Event 
Overtopping 

Event 

Depth of 
Overtopping for 
Regional Storm 

(m) 
7 Private Driveway south 

of Roseville Rd. 
Concrete Box 2 Year 10 Year 0.59 

8 Industrial Road C.M.P. - P.H.E. 50 Year Regional 0.41 
9 Roseville Road C.M.P. - P.H.E. 10 Year Regional 0.34 

10 New Dundee Road C.M.P. - P.H.E. 50 Year Regional 0.16 
11 Highway 401 North of 

Rife Road 
Concrete Box 10 Year Regional 0.72 

The results in Table 9 indicate that the freeboard event for the hydraulic structures ranges from 
between the 2-year event to the Regional Storm event. The available freeboard of the hydraulic 
structure along the Highway 401 would be 1.04 m during the 100-year storm event, which 
satisfies the required standard of 1 m. The freeboard capacity of the hydraulic structure along 
Highway 401 on tributary 6 is 0.75 m during the 50 Year design storm event, which is noted to 
be below the current design standards for freeboard along highways. The results further 
indicate that the lower freeboard capacity is generally associated with structures further 
downstream of the system. In addition, the results indicate that, in general, the hydraulic 
structures would only be overtopped during the Regional Storm event, hence would convey 
flows under the structure during events up to, and including, the 100-year return period storm. 

The results of the HEC-RAS hydraulic modelling have been further used to identify areas along 
the Upper Cedar Creek and Tributaries 5 and 6 with extensive backwater conditions, as well as 
areas with shallow flooding within the adjacent floodplain. The areas with backwater conditions 
have been identified by visual inspections of the flow profile along the respective reaches to 
determine areas with nominal changes in water surface elevations (i.e. 5 cm or less) between 
successive HEC-RAS cross-sections. The areas with shallow flooding of the adjacent floodplain 
have been identified by visual inspections of the model cross-section plots to determine areas 
with overbank flooding depths of less than 0.25 m. The results of this assessment are presented 
in Figure 23. 

The results indicate that the areas of extensive backwater conditions are primarily located 
upstream of hydraulic structures (i.e. bridges or culverts). These areas are noted to be 
distributed throughout the study area and are not localized to hydraulic structures within any 
reach of the study area. The results also indicate that the areas exhibiting shallow flooding of 
the overbanks are generally distributed along the Main Branch of Upper Cedar Creek and 
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Tributaries 5 and 6 and occur in areas exhibiting changes to channel profile and/or local 
topographic features, such as local depression or flow diversion due to local obstructions. 

3.3.4 Results / Interpretation 

The hydrologic conditions within the Upper Cedar Creek Subwatershed reflect prominently 
rural land use conditions with highly permeable soils. The hydrologic response during storm 
conditions exhibit high rates of infiltration and storage, with limited surface runoff. 

The GAWSER hydrologic model for the Upper Cedar Creek Subwatershed has been refined for 
use in the current study. The refined model generates simulated peak flows slightly higher than 
previously reported values for the more frequent design events, and slightly lower peak flows 
for the Regional Storm event. The differences are considered largely attributable to the 
refinements to the model subcatchment discretization, as well as the influence of routing 
elements in the Subwatershed. 

Floodline mapping has been prepared using the HEC-GeoRAS methodology. The floodline 
mapping is largely comparable to that which was previously developed for the 2005 Floodline 
Mapping Study. Most of the PSA structures exhibit adequate capacity based on design 
objectives and road classification. 

3.4 Fluvial Geomorphology 

3.4.1 Importance /Purpose 

The primary purpose of the stream geomorphology component of the Upper Cedar Creek 
Scoped Subwatershed Study is to characterize the form and function of watercourses within the 
DSA as well as the main channel of Cedar Creek within the PSA. The DSA begins at Huron Road 
and extends south through New Dundee Road, Roseville Road, and ends at Cedar Creek Road. 
The PSA covers all of the DSA and follows the drainage boundary of Cedar Creek to the 
confluence with the Nith River in Ayr. For the purposes of this study, the stream morphology 
component characterizes Cedar Creek from the headwaters to crossing at Greenfield Road. 

The stream morphology characterization includes an assessment of sediment movement within 
the system, channel planform evolution, and hydraulic characteristics. It is critical to gain both a 
qualitative and quantitative understanding of channel processes so guidance can be provided to 
support subwatershed management planning, including potential future land use changes. 
Providing guidance on channel management and enhancements within the DSA in relation to 
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potential future development will avoid or minimize potential impacts to Cedar Creek 
downstream, as well as ensure continued stable channel dynamics. 

The methodology, analysis and results are included in detail within Appendix D; however, have 
been briefly outlined in the following sections. 

3.4.2 Background Information 

A background review was undertaken to gather information on the Cedar Creek Subwatershed. 
Reviewed data included previous reports, historic aerial photographs, and mapping resources 
(e.g., surficial geology). This information formed the foundation of the field characterization 
work. 

Historical data for Cedar Creek was provided by the GRCA and included water levels, flows, and 
temperature measurements at various locations throughout the PSA. This information was 
useful in understanding the potential contributions from overland and groundwater sources, as 
well as the range of flow conditions that Cedar Creek has experienced over the past monitoring 
years. 

There were no previous background reports pertaining to the stream morphology of Cedar 
Creek. However, there are several studies recently completed on Blair Creek, an adjacent 
subwatershed, which has similar channel characteristics to Cedar Creek. Parish Geomorphic 
undertook monitoring on Blair Creek semi-annually between 2003 and 2013 and wrote several 
monitoring reports for the GRCA (PARISH 2014). The State of the Watershed Final Report: 
Upper Blair Creek (Aquafor Beech 2016), which summarizes much of the historical monitoring 
work and recommends future monitoring methods, was also reviewed. Recommendations from 
both these reports were used to develop field and monitoring methods for the SWS. 

3.4.3 Methods 

Methods for stream morphology included several desktop and field components to characterize 
Cedar Creek within the PSA and the DSA. Some approaches originally outlined in the scope of 
work have been modified to accommodate the delayed project start date, limited access to 
some areas by landowner permissions to enter, and the unique setting of Cedar Creek, both in 
the headwaters and in the main channel. Efforts have been made to conduct the most suitable 
methods to complete a comprehensive characterization. The employed methods are briefly 
outlined below. 
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• Reach Delineation – Involves identifying lengths of channel that exhibit similar characteristics 
(e.g. valley setting, slope, geology and land use). Reach delineation is initially completed as 
part of the desktop assessment and used to guide the subsequent field programs 

• Rapid Assessments - Rapid assessments include the Rapid Geomorphic Assessment (RGA) and 
the Rapid Stream Assessment Technique (RSAT) and were applied to determine the dominant 
geomorphic processes affecting each reach. RGAs evaluate specific indicators of channel 
instability, while the RSAT provides a qualitative evaluation of the overall health and function 
of a reach. Barriers to fish passage were also identified during the rapid assessments. 

• Detailed Characterization – Detailed geomorphic characterization was undertaken for three 
sites, based on the knowledge gained during the rapid assessments. Results of the detailed 
field investigation were used to characterize pre-development flow conditions, as well as 
establish targets for stormwater management that may be required under potential future 
development scenarios. 

• Headwater Drainage Feature Assessment – Headwater Drainage Features (HDFs) are, in 
general, poorly defined in nature and may have been modified to facilitate drainage of the 
adjacent lands. The importance of the headwater channels is well recognized (i.e. water 
infiltration, attenuation, sediment, and biota supply) with respect to the multiple functions 
provided to the watershed. The objective of this assessment is to provide management 
recommendations for each evaluated HDF. The HDF assessment protocol is a prescriptive 
approach that has been documented within TRCA/CVC 2014, and was followed for this 
project. 

• Geomorphic Monitoring - A geomorphic monitoring program was initiated as part of this 
Cedar Creek Subwatershed study. The purpose of the monitoring program is to provide a 
baseline inventory of the geomorphic form of Cedar Creek that can subsequently be 
re-measured in the future. The intent of continued monitoring is to identify future changes 
to the form and function of the watercourse as a result of changing surrounding land use and 
development. While not specifically used to inform the characterization component of this 
study, this activity will be critical to be able to detect geomorphic change as a result of a 
modified hydrologic response. 
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3.4.4 Results / Interpretation 

3.4.4.1 Reach Delineation 

Cedar Creek was delineated into six main reaches (CC-01 through CC-06) based on the desktop 
and field assessments. In addition to the main reaches, several tributaries and HDF were also 
assessed. A breakdown of the reach breaks is shown on Figure 24. 

3.4.4.2 Rapid Assessments 

Rapid geomorphic assessment surveys were completed for Cedar Creek between Roseville Road 
and Greenfield Road, where property access was granted. Tables 10 and 11 provide a summary 
of the rapid assessment scoring results. 

Table 10 Summary of RGA Results for Cedar Creek 

Reach 

Factor Value 
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Index Classification 
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CC-01 0.50 0 0.57 0.43 0.38 Transitional 
CC-02 0.63 0 0.57 0.29 0.37 Transitional 
CC-03 0.63 0.14 0.57 0.57 0.48 In Adjustment 
CC-04 0.56 0.14 0.63 0.57 0.47 In Adjustment 
CC-05 0.56 0.14 0.75 0.29 0.43 In Adjustment 
CC-06 0.44 0.14 0.50 0.29 0.34 Transitional 

 

Table 11 Summary of RSAT Results for Cedar Creek 

Reach 

Factor Value 

Overall Score Stream Quality 
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CC-01 2 1 3 8 7 6 27 Moderate 
CC-02 1 2 4 8 7 6 28 Moderate 
CC-03 1 2 3 8 6 6 26 Moderate 
CC-04 1 2 3 8 6 6 26 Moderate 
CC-05 3 2 6 8 7 6 32 Moderate 
CC-06 4 3 7 7 6 8 35 High 
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Generally, the rapid assessments show similar results across reaches. In terms of channel 
stability, the RGA results have found all reaches to either be classified as “Transitional” (also 
known as Moderately Stressed) or “In Adjustment” (Most Sensitive). “Transitional” refers to the 
condition where channel morphology is within the range of variance for streams of similar 
hydrographic characteristics but the evidence of instability is frequent. “In Adjustment” refers 
to the condition where channel morphology is not within the range of variance and evidence of 
instability is wide spread. Widening and aggradation were identified as the dominant 
geomorphic processes in most reaches, which led to the assigned classification.  

In terms of stream quality, all reaches were classified as either a “Moderate” or “High” quality. 
Key factors to this designation were biological indicators, riparian cover and water quality 
indicators observed throughout the watercourse. 

3.4.4.3 Detailed Reach Characterization 

Detailed reach characterization was completed along three separate reaches of Cedar Creek. 
At each site, data was collected to determine bankfull geometry and hydraulics, develop 
erosion thresholds, and install long-term monitoring cross-sections. Sites along reaches CC-01, 
CC-03, and CC-05 were selected based on the following considerations: 

• permission to enter; 
• safe access for long-term monitoring; and, 
• higher reach sensitivity (in adjustment, as opposed to transitional or in regime based on 

RGAs). 

Table 12 presents the erosion thresholds developed for the study area. In all cases, a 
comparison between the critical and bankfull discharge indicates that bed material is likely to 
mobilize below bankfull flows. Fine grain sand, which Cedar Creek typically consists of, is easily 
transported and has a low permissible velocities/critical bed shear stress value (USGS 2013). 
Critical velocity values are developed to determine when particles in the bed will begin to 
mobilize and erosion may occur. Erosion, sediment transport, and deposition are natural 
processes that take place throughout the channel under the existing flow regime. It was noted 
during the field visits that substrate was often entrained and re-deposited onto the channel if it 
was disrupted in the thalweg. Sediment will move, scour out areas during high flow, and 
deposit material back into the channel as flows recede. The purpose of the erosion threshold is 
to identify a critical flow value when sediment begins to entrain from the channel bed. If the 
amount of time the channel experiences the critical flow values increases, it may lead to 
increased erosion, potentially exacerbating the natural rates of channel erosion. 
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One of the main RGA indicators documented through each reach was aggradation, or the 
buildup of sediment within the watercourse. Conversely to increasing flows, it is equally 
important not to decrease flows on the upper end of the flow regime. Altering the hydrology to 
reduce the amount of time the channel experiences flows above the erosion threshold could 
lead to increased aggradation and changes in morphology. 

As Cedar Creek erosion thresholds increase from upstream to downstream, it is recommended 
that the weighting for erosion threshold guidance be placed on the critical discharges 
developed for CC-05. Adhering to the threshold upstream will help ensure that the downstream 
reaches are also maintained. 

Table 12 Threshold Characteristics Estimated for the Detailed Geomorphic Field Sites 
Parameter CC-05 (US) CC-05 (DS) CC-031  CC-01 

Bankfull Geometry 
Average Bankfull Width (m)ᵃ 3.79 4.19 4.91 7.61 
Average Bankfull Depth (m)ᵃ 0.30 0.35 0.4 0.57 
Bankfull Gradient (%) 1.6% 0.30% 0.30% 0.15% 
Bed Material 
Sediment 70% gravel/ 

cobble, 30% 
coarse sand 

92% sand, 
8% silt/clay 

sand (82%), 
22% silt/clay 

sand (82% fine, 
9% coarse) 
silt/slay (9%) 

D50 (mm) 27.57 0.34 3.88 0.28 
Manning’s n 0.035 0.035 0.035 0.040 
Bankfull Hydraulics 
Average Bankfull Discharge (m3/s) 1.92 1.43 2.72 3.29 
Average Bankfull Velocity (m/s) 1.50 0.82 0.96 0.73 
Average Shear Stress (N/m2) 43.05 11.09 14.17 7.82 
Thresholds 
Method of Analysis Neill (1967) 

Komar (1987) 
USACE 
(1991) 

Neill (1967) 
USACE (1991) 

USACE (1991) 

Critical Particle Size (mm) 27.6 Sand 
(D50 2.0 – 
0.08 mm) 

Gravel D50 = 
11 mm 
Sand 
(D50 2.0 – 
0.08 mm) 

Sand 
(D50 2.0 – 
0.08 mm) 

Critical Discharge (m3/s) 0.44 0.54 1.39 1.87 
Critical Velocity (m/s) 0.93 0.61 0.74 0.61 
Percent of Bankfull Discharge (%) 22% 38% 47% 57% 
Critical Flow Depth (m) 0.20 0.38 0.54 0.61 

a 1XS-1 was removed from the analysis. 
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3.4.4.4 Headwater Drainage Features Classification 

The goal of the HDF classification is to objectively classify those features on the landscape 
which are not considered permanent watercourses but appear to serve some hydrologic, 
terrestrial, riparian, or aquatic function. HDF management recommendations have been 
developed following the TRCA/CVC (2014) guidelines for features ranging from “limited” 
function to “important” function. A breakdown of the HDF feature management 
recommendations within the DSA are provided is shown on Figure 25 (and described in 
Table 4.8 of Appendix D). 

The management recommendations from the HDF protocol listed in order of importance (high 
to low) are Protection, Conservation, Mitigation, Recharge Protection, Maintain or Replicate 
Terrestrial Linkage, and No Management Required. A brief description of each recommendation 
is provided in Section 3.4 of Appendix D. Within the DSA, the following management 
recommendations were made: 

• one reach (CC-H1-S1) was preliminary designated as “protection”, but could not be 
confirmed as the visit was outside of the site visit protocol windows; 

• one reach (CC-H1-S4) was designated as “conservation” due to the presence of water 
during the third site visit and the presence of a woody riparian zone; 

• no reaches were designated as “mitigation”; 
• one reach (CC-H1-S3) was designated as “recharge protection” as the feature is found 

downstream from a “conservation” HDF that was observed to contain water; 
• no reaches were designated as “maintain or replicate terrestrial linkage”; and 
• several reaches are designated as “no management required” as there was a lack of 

observed flow during the first visit and no defined channel feature. 

Additional management considerations may apply (e.g., wetlands, floodplains). Management of 
all reaches, including those recommended for ʺno managementʺ under the HDF protocol, must 
follow GRCA’s Policies for Straightening, Changing, Diverting or Interfering with the Existing 
Channel of a River, Creek, Stream or Watercourseʺ. 

3.5 Surface Water Quality 

3.5.1 Importance /Purpose 

The primary objective of this study component is to characterize the baseline water quality and 
thermal regime within Cedar Creek. Knowledge gained from this component informs the 
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integrated understanding of the watershed form and function, as well as assists in identifying 
sensitive reaches and habitat. 

For a full description of this study component, the reader is referred to Appendix E. 

3.5.2 Background Information 

This analysis relies upon water chemistry and water temperature data collected by the GRCA 
over the 2015 to 2017 period. This data was collected at seven locations; these locations are 
shown on Figure 26 and summarized in Table 13. 

Table 13 Summary of Available Surface Water Quality Stations for Cedar Creek 

Location 
ID 

Available Data 
Description 

2015 2016 2017 
6474004 WQ - - Cedar Creek just downstream 

Roseville Rd. 
6474009 WQ, BI WQ, BI, temp WQ, BI, temp Cedar Creek at 2599 Roseville Rd. 
6474005 WQ, BI, temp WQ, BI, temp WQ, BI, temp Cedar Creek upstream Cedar Creek 

Rd. 
6474008 temp WQ, BI, temp WQ, BI, temp Cedar Creek upstream Alps Rd. 
6474010 - - WQ, temp Tributary downstream Reidsville Rd. 
6474007 temp temp temp Cedar Creek upstream Reidsville Rd. 
6474006 WQ, temp WQ, temp WQ, temp Mouth of Cedar Creek 

Notes:    
WQ - water quality  
BI - benthic invertebrate community survey 
temp - water temperature data logger 
“-“ - no data available 

 

3.5.3 Methods 

3.5.3.1 Water Chemistry 

For each of the study years, the GRCA completed field sampling programs where they collected 
field measurements of surface water samples and obtained grab samples for laboratory 
analysis. A YSI 600XLM multi-parameter sonde was used to collect field measurements of pH, 
conductivity, water temperature, and dissolved oxygen. Water samples were sent to Maxxam 
Analytics (CALA approved) for laboratory analysis of chloride, nitrite-nitrogen, nitrate-nitrogen, 
and total suspended solids (TSS). In 2017, additional laboratory analysis was completed for total 
copper, total lead, total zinc, total phosphorus, and dissolved phosphorus. 
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Water quality results were compared to the Canadian Council of Ministers of the Environment 
(CCME 2017a, CCME 2017b) and Ontario Provincial Water Quality Objectives (OMEE 1999) 
guidelines. Statistical analysis of the results was also conducted to determine yearly maximums, 
minimums, medians, means, and standard deviations overall and for wet and dry event 
sampling. Wet and dry event conditions are determined by whether or not there was any 
precipitation 24 hours before sampling. Further analysis included boxplots, trend analysis, and 
Mann-Kendall tests to describe patterns in the water quality data. 

3.5.3.2 Water Temperature 

The GRCA deployed HOBO U22 Water Temp Pro V2 loggers to measure continuous water 
temperature. The loggers were set to collect temperature readings in 15 minute intervals. The 
temperature loggers were deployed at the beginning of the year (between January and May) 
and removed at the end of the year (December) from 2015 to 2017 at four monitoring sites 
(Location IDs: 6474005, 6474008, 6474007, and 6474008). Temperature loggers were installed 
at two additional monitoring sites in 2016 (Location ID: 6474009) and in 2017 (Location ID: 
6474010). 

Habitat preferences for brook trout were used as a reference for temperature. Brook trout 
have habitat preferences for water temperatures that are below 22°C and spawning season 
(October and November) preferences for water temperatures below 9°C (Eakins 2018). Thermal 
gradient nomograms (Chu 2009) were also used to assess thermal regime. 

3.5.4 Results / Interpretation 

A full set of results of the water chemistry and water temperature analysis can be found in 
Appendix E. Generally, the results of this analysis found that the overall water quality of Cedar 
Creek is good but decreases as one proceeds downstream. Of particular note, the analysis 
found the following: 

• While nitrate-nitrogen values are elevated throughout Cedar Creek, they are particularly 
elevated in the headwaters (2599 Roseville Road and Cedar Creek Road), suggesting input 
from agricultural practices. The tributary downstream of Reidsville is the exception to this, 
with all nitrate-nitrogen observations being less than guideline. 

• Total phosphorous increases as one moves downstream in the spring but decreases moving 
downstream in the summer. This suggests phosphorous inputs are related to the spring 
freshet, and during the summer, contributions of groundwater to Cedar Creek reduce 
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phosphorous concentrations. Phosphorous exceeded guidelines for all stations, with the 
tributary downstream of Reidsville having the highest concentrations. 

• While not in exceedance of CCME or PWQO guidelines, chloride increases as one moves 
downstream during the spring season. It is anticipated that chloride levels are associated with 
winter road salting. 

• Metals were generally found to be within guidelines, with the exception for two stations 
immediately downstream of HWY 401 (Cedar Creek Road and Alps Road) where copper 
exceedances were identified. It is expected these exceedances are influenced by stormwater 
contributions from HWY 401. 

• Thermal regime analysis found that the majority of stations can be classified as either “cold” 
or “cold-cool” water. The station furthest upstream (2599 Roseville Road) was classified as 
“cold”, with the furthest downstream station (Mouth of Cedar Creek) being classified as 
“cool” to “cold-cool”. The tributary downstream of Reidsville was classified as “cool-warm”, 
indicating a smaller proportion of streamflow being composed of groundwater than other 
reaches in Cedar Creek and may be due to a pond upstream of the tributary sampling location. 

3.6 Terrestrial and Aquatic Ecology 
Natural Resource Solutions Inc. (NRSI) characterized the terrestrial and aquatic ecology of the 
Upper Cedar Creek Subwatershed using existing information and data collected through a 
comprehensive field program. Existing information and field data were reviewed and analyzed 
in order to recommend refinements to the Greenlands Network. Detailed methods, maps, 
results, and recommendations can be found in the Terrestrial and Aquatic Ecology Phase 1: 
Characterization Memo (NRSI 2018), Appendix F. 

3.6.1 Terrestrial Field Methods 

The study methods were determined in consultation with the Region of Waterloo, the GRCA, 
and the Ministry of Natural Resources and Forestry (MNRF). A preliminary screening exercise 
was conducted on Species at Risk (SAR) and Species of Conservation Concern (SCC) to identify 
species with potentially suitable habitat within the study area. A Significant Wildlife Habitat 
(SWH; MNR 2000) preliminary screening exercise was also conducted. 

Terrestrial field surveys were undertaken between April 2017 and February 2018 to 
characterize natural features and identify significant natural heritage features and species. 
All surveys were undertaken in accordance with provincial and local guidance documents and 
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were conducted where property access was granted by the landowners. Survey locations are 
shown on Figure 27 and 28. 

Vegetation community delineation was completed using the Ecological Land Classification (ELC) 
System for southern Ontario (Lee et al. 1998, Lee 2008). Where property access was not 
granted, ELC was completed by air photograph interpretation or road side assessments. GRCA 
staff reviewed preliminary ELC mapping and were consulted to help refine the wetland 
mapping based on site conditions. A 3-season detailed botanical survey was completed for the 
DSA. 

Breeding bird, migratory bird, and nocturnal bird surveys were conducted in 2017. Breeding 
bird surveys were completed in accordance with the Ontario Breeding Bird Atlas (OBBA) Guide 
for Participants (2001) at 21 locations throughout the DSA. Two spring and two late summer 
migratory bird surveys were conducted at 11 point count stations throughout the Project Study 
Area (PSA). A crepuscular survey was conducted to evaluate the potential presence of Common 
Nighthawk (Chordeiles minor). Visual and auditory observations of birds were recorded during 
all site visits. 

Three evening anuran (frog and toad) call surveys were conducted at 17 stations in the DSA in 
April, May and June 2017, following the Marsh Monitoring Program protocol (BSC 2009). 
Amphibian egg mass surveys were completed, by visually searching ponds and vernal pools, 
during wildlife surveys in the spring, 2017. 

A combination of visual encounter, active searches, and cover board surveys were used to 
determine snake species presence within the DSA. 

Visual encounter surveys for butterfly and odonate (damselfly and dragonfly) species were 
conducted during all wildlife surveys when conditions were suitable. 

All signs of mammal species, including direct observations of individuals, as well as tracks, scat, 
dens, etc., were recorded during all field visits. Three winter wildlife surveys were also 
conducted in accordance with the Region of Waterloo’s Greenlands Network Implementation 
Guideline (2016), in January and February 2018. SWH types such as over-wintering habitat use 
by White-tailed Deer (Odocoileus virginianus), were also assessed during these surveys (OMNR 
2000). To evaluate the potential for bat maternity colony roosting habitat, searches for high 
quality cavity trees were conducted together with other field work. 
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Six general wildlife surveys were undertaken monthly between April and September 2017. 
These surveys included road mortality searches, snake board surveys, and visual encounter 
surveys for all wildlife. 

3.6.2 Aquatic Field Methods 

Data from the Cedar Creek Scoped Subwatershed Study completed by LGL (2002) and the 
GRCA’s aquatic monitoring program in the Cedar Creek Subwatershed (GRCA 2017a, 2017b, 
2018) was reviewed and analyzed by NRSI aquatic biologists. A survey of Cedar Creek and its 
tributaries was also conducted by Matrix staff in 2017 to assess water quality and identify 
potential instream barriers to fish movement. 

3.6.3 Terrestrial Characterization and Analysis 

The natural features within the PSA are generally comprised of woodlands, wetlands, and 
cultural habitats. Large areas of agricultural row crops, and rural residential, commercial, and 
industrial land uses are also present. Woodland habitats are generally characterized as upland 
Sugar Maple (Acer saccharum ssp. saccharum) dominated forests. Significant woodlands are 
present throughout the PSA. The PSA also contains four Provincially Significant Wetlands 
(PSWs): the Roseville Swamp – Cedar Creek Wetland Complex, the Cedar Creek Tributary 
Wetland Complex, Milroy Lake Wetland, and the Bannister Wrigley Sudden Tract Wetland 
Complex. Unevaluated wetlands associated with the Cedar Creek tributaries and upper reaches 
of the Cedar Creek lowlands are present throughout the PSA. These wetlands consist of 
deciduous, mixed, and thicket swamps, meadow and shallow marshes, and shallow and open 
water features. Cultural habitats include woodlands, coniferous plantations, and open 
meadows. Figures 29 through 38 show the existing natural heritage features. 

A total of 369 vascular plant species, 102 birds, 13 reptiles and amphibians, 14 mammals, 
26 butterflies, and 15 species of Odonates were recorded in the PSA. 

Five SAR were observed: Butternut (Juglans cinerea), Bank Swallow (Riparia riparia), Barn 
Swallow (Hirduno rustica), Bobolink (Dolichonyx oryzivorus), and Eastern Meadowlark 
(Sturnella magna). Four additional SAR have the potential to occur within the study area: 
American Badger (Taxidea taxus), Jefferson Salamander (Ambystoma jeffersonianum), 
Blanding’s Turtle (Emydoidea blandingii), Snapping Turtle (Chelydra serpentina), Little Brown 
Myotis (Myotis lucifuga), and Northern Myotis (Myotis septentrionalis). The PSA also contains 
many SCC, regionally significant species, and Significant Wildlife Habitat types. For a full list of 
species that have the potential to occur within the study area, please refer to Appendix F. 



 

 
24812-528x SWS R 2019-10-03 final V1.0.docx 58 Matrix Solutions Inc. 

Site-specific studies are required to confirm the presence of candidate/putative SAR species 
and SAR habitats. 

Eight SCC (1 plant species, 3 birds, 1 reptile, 1 amphibian, and 2 butterflies) and 58 regionally 
significant species (18 plants, 34 birds, 1 reptile, 2 amphibians, 1 mammal, and 2 butterflies) 
were also documented in the PSA. 

Twenty-seven (27) candidate SWH types were identified in the PSA, including nine (9) types of 
Seasonal Concentration Areas, three (3) types of Rare Vegetation Communities, nine (9) types 
of Specialized Wildlife Habitat, four (4) types of Habitat for SCC, and two (2) Animal Movement 
Corridors. 

3.6.4 Aquatic Characterization and Analysis 

Twenty-one species of fish have been documented within the Upper Cedar Creek Subwatershed 
by the GRCA (2017a, 2017b, 2018). Brook Trout (Salvelinus fontinalis) was present at all 3 sites 
sampled, which indicates a significant amount of groundwater upwelling throughout the 
subwatershed. The average Index of Biological Integrity (IBI) scores ranged from ‘fair’ to ‘good’ 
for Cedar Creek and ‘poor-fair’ for the Reidsville tributary to Cedar Creek. Average IBI scores 
increased upstream within Cedar Creek, from ‘fair’ upstream of the confluence to ‘good’ 
upstream of Cedar Creek Road. Overall, the results of the fish community surveys indicate that 
Cedar Creek has a good fishery and provides habitat to many cool to coldwater species. The 
Cedar Creek system has been identified as a cold to cold-cool system through this study. Other 
than Upper Ayr Dam (aka Jedburgh Dam) and Lower Ayr Dam (aka Watson Dam), both located 
near the confluence of Cedar Creek and Nith River, no additional fish barriers were identified in 
Cedar Creek or its tributaries. 

The analysis of GRCA’s benthic macroinvertebrate data indicates that the average IBI scores 
range from ‘potentially unimpaired’ to ‘potentially impaired’. All three sites sampled had high 
abundances and high taxonomic richness. Overall water quality declines in a downstream 
direction, with some seasonal variations (Appendix E). 

3.6.5 Greenlands Network Review and Analysis Summary 

The purpose of the report included in Appendix F was to characterize and evaluate the 
terrestrial and aquatic ecology in the Cedar Creek Subwatershed, and to provide 
recommendations for refinements to the Greenlands Network. 
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The Greenlands Network is comprised of the following designated components (Regional 
Municipality of Waterloo 2015): 

• Landscape Level Systems 

 Environmentally Sensitive Landscapes (ESL) 
 Significant Valleys 
 Regional Recharge Areas 
 Provincial Greenbelt Natural Heritage System  

• Core Environmental Features  

 Significant Habitat of Endangered or Threatened Species  
 PSWs 
 Environmentally Sensitive Policy Areas (ESPA) 
 Significant Woodlands,  
 Environmentally Significant Valley Features 
 Significant Areas of Natural and Scientific Interest (ANSI) 

As well as the following non-designated components: 
• Supporting Environmental Features 
• Fish Habitat 
• Linkages 

Environmental features within the PSA that have been confirmed and/or refined to be included 
in the Greenlands Network are presented in Figure 39 and 40, and include the Dumfries 
Carolinian ESL, a Significant Valley area in the Town of Ayr, a Regional Recharge Area, parts of 
the Provincial Natural Heritage System for the Greater Golden Horseshoe Area, and Core 
Environmental Features (4 PSWs, 14 ESPAs, Significant Woodlands, Environmentally Significant 
Valley Features, and 9 ANSIs). Supporting Environmental Features were also included in the 
Greenlands Network where the City of Kitchener identified an Ecological Restoration Area (City 
of Kitchener Official Plan – Map 6; 2015), as well as areas containing natural heritage features 
identified through a desktop analysis of aerial imagery and other mapping of the subwatershed, 
and unevaluated wetlands identified by the GRCA. Fish habitat, included as a watercourse layer 
refined based on the field work undertaken for this study, is also included in the Greenlands 
Network, as well as headwater drainage features with a management recommendation. 
Linkages were mapped in consultation with the Region of Waterloo, GRCA, and North Dumfries 
Township staff, between Core Environmental Features and along watercourse and overland 
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flow corridors to include the mapped floodplain. Landscape Level Connections have also been 
identified as part of this study. Landscape Level Connections are conceptual and intended to 
show, at a high level, the potential to link and thereby enhance the ecological function of 
natural heritage features within and across subwatersheds. There are no direct development 
constraints associated with the identification of a Landscape Level Connection. Within the PSA, 
several of the recommended linkages would support an identified Landscape Level Connection. 

3.7 Aggregate Inventory 
As part of this background review, existing aggregate extraction plans, as well as corresponding 
compliance assessment reports and rehabilitation plans were reviewed to understand the 
current status of aggregate pits within the DSA. This information is presented in Table 14 for 
the three licensed aggregate pits located within the DSA. 

Table 14 Aggregate Production Operations within DSA 
Name of 
Licensee 

Angbar Construction and 
Development Limited 

Mill-Gate Holdings 
Inc. 

Mill-Gate 
Holdings Inc. 

Street ID 2212 Cedar Creek Road 1050 Industrial Road 1050 Industrial 
Road 

MNRF Site ID 5705 27735 607702 
Type of 
Operation 

Pit Pit Pit 

Pit Name Brown Pit N/A Cedar Creek 
Expansion 

Approval Type 
(Class of 
Operation) 

Class A License Class A License Class A License 

Maximum Annual 
Tonnage Limit 

600,000 400,000 400,000 

Licenced Area 48.3 ha 19.85 ha 16.95 ha 
Depth of 
Extraction 

302 m asl; taken from site 
plan on file with MNRF 

308.5 m asl 308.5 m asl 

Disturbed 
Hectarage 

Site Plan suggests  
a disturbed area of 
40 ha 

Site plan identifies  
17.18 ha will be 
disturbed  

Site plan 
identifies an 
area of 16.22 
ha will be 
disturbed  

Area 
Rehabilitated 

Estimated at 40%; 0.3 ha have been 
rehabilitated 
according to 2018 

No 
rehabilitation 
has taken place 
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Name of 
Licensee 

Angbar Construction and 
Development Limited 

Mill-Gate Holdings 
Inc. 

Mill-Gate 
Holdings Inc. 

2018 Compliance Assessment 
Report does not provide any 
information 

Compliance 
Assessment Report 
filed with MNRF  

according to 
2018 
Compliance 
Assessment 
Report filed 
with MNRF  

Above / Below 
Water Table 
Operation 

Small pond has been created 
but operator is permitted to 
backfill this. Pit is considered 
to be an above water table 
operation. 

Above  Above  

Planned 
Rehabilitation or 
Post-Extraction 
Uses 

Rehab Plan calls for  
Agriculture  
Licensee is working on 
Rezoning to 
Industrial/Commercial  

Site to be 
rehabilitated to 
agriculture  

Industrial 
subdivision 
subject to 
municipal 
approvals  

 

4 Integration 

4.1 Integration Approach 
To better understand the fundamental elements of the Upper Cedar Creek watershed, in terms 
of environmental features, associated functions, and linkages between those features, it is 
necessary to integrate the respective disciplines and associated characterization assessments, 
into a cohesive understanding. While not all disciplines affect each environmental feature, each 
is principally linked by the hydrologic cycle (surface water and groundwater), as the primary 
integrating mechanism. The focus of this integration approach has been to identify key features 
on the landscape which require an integrated assessment and develop an enhanced 
understanding of significance and sensitivity of the respective units. This perspective will then 
be used in subsequent SWS phases to assess impacts and establish management and protection 
approaches using a base line and a potential future land use model. 

This section focusses on the DSA and potential DSA sensitivities that could result in impacts 
within the broader PSA (Cedar Creek watershed). 

Primary environmental elements stemming from the discipline-specific characterization work 
described in the previous report sections include: 
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• Wetland/Woodlot Features 
• Watercourses 
• Recharge and Discharge Areas 

Each of these environmental elements require an integrated assessment (in varying degrees) to 
establish the significance and associated sensitivity of the features, in response to potential 
land use changes. The following provides some associated guidance in this regard: 

• Wetland/Woodland Units 

 diversity and significance of species (flora and fauna) 
 potential for corridor linkage and benefits to key biota 
 presence/absence of fluvial unit 
 local catchment area (size and land use) 
 groundwater influence to sustainability of habitats and functions 
 feature size, plant community diversity, and proximity to other features 

• Watercourses 

 presence/absence of form/stability 
 Conveyance 
 groundwater discharge/ recharge 
 presence/absence of riparian vegetation 
 aquatic habitat/fish communities 
 water quality and temperature 
 sediment transport 

• Recharge and Discharge Areas 

 rate of infiltration/recharge 
 location of functional recharge areas 
 functional relationship to watercourse, wetland or terrestrial feature 
 quantity of groundwater flux 

The foregoing factors/considerations (and others) have been summarized as they relate to the 
respective environmental units or features. The following sections provide insights regarding 
these units or features, which have been and will continue to be used in an iterative manner to 
assess the impacts of potential future land use changes. 
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4.2 Principles of Integration 
The fieldwork and accompanying assessments, associated with the Upper Cedar Creek 
characterization, have been used to establish various principles, unique to the overall study 
area. These principles reflect certain properties and characteristics of the Upper Cedar Creek 
Subwatershed, which depending on their nature lead to certain implications for management 
associated with potential future land use changes. 

The following sections summarize these insights related to integration principles and where 
relevant, provide guidance associated with implications for management. By their very nature 
there are overlaps between the respective disciplines, which essentially lead to the integrated 
understanding of how the Upper Cedar Creek Subwatershed functions. Bolded text is 
considered representative of future considerations. 

4.2.1 Groundwater Characterization and Functions 

i. The geological characterization, as well as the resulting hydrostratigraphy and numeric 
modelling, presents the significant hydrogeological characteristics related to recharge and 
its functional connection to groundwater discharge as well as the connection to the 
municipal aquifer that supplies K35/36. This then provides the context for associated 
groundwater constraints and potential opportunities for potential future development. 

ii. The permeable nature of the surficial sediments, coupled with the thickness of these 
deposits, allow for significant infiltration of precipitation. Additionally, in the upper 
portion of the DSA, the thickness of the pervious deposits is such that the water table is 
deep enough that it has minimal interaction with surficial features. The pervious nature of 
the subwatershed, combined with the significant depth to groundwater has resulted in a 
drainage system where there are no continuously flowing watercourses north of Roseville 
Road. The conceptual model flow system, subsequently quantified by the integrated 
groundwater model, indicates that recharge within the subwatershed contributes 
groundwater flow primarily to Roseville Swamp, upper and lower reaches of Cedar Creek, 
but also Blair Creek, the Grand River, as well as the municipal aquifer. 

Infiltration should be maintained to provide for existing recharge. There may be an 
opportunity to enhance infiltration in the upper portions of the subwatershed without 
creating unacceptable increases in groundwater levels. 

iii. Groundwater flow in the DSA is heavily influenced by the Waterloo Moraine, with flow 
directions predominantly occurring in a southeasterly direction toward Roseville Swamp 
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and the Grand River. In the uppermost reaches of the subwatershed, groundwater flow 
also radiates to the north and east of the subwatershed, toward Blair Creek and to a lesser 
extent, toward the Strasburg well field. 

Maintaining the broader-scale groundwater flow directions and divides, as well as 
existing recharge-discharge linkages, should be considered when maintaining recharge. 

iv. Due to the highly pervious surficial deposits, precipitation is typically immediately 
infiltrated and does not generate overland runoff. However, there will be occurrences 
where the rate of precipitation exceeds the ability of the soil to infiltrate, resulting in 
overland runoff. In these cases, the broad-scale depression features that are present in 
Cedar Creek become important modifiers to the subwatershed’s hydrologic response, by 
trapping this overland flow and allowing it an additional opportunity to infiltrate. While 
these depression features do not appear functionally significant at a local level (e.g., 
supporting a specific wetland feature), their presence has a significant impact on the 
broader hydrologic response of the subwatershed. 

The depressional features, or the significance of the features on the subwatershed’s 
hydrologic impacts, should be maintained. 

v. In the upper portion of Cedar Creek (north of New Dundee Road), there is evidence of an 
aquitard separating shallow aquifers from the deeper municipal supply aquifer. However, 
analysis of hydraulic data and supporting modelling, suggests that this is an imperfect 
aquitard, and some level of interaction is occurring between the shallow and deep aquifer 
units. 

Infiltration should be maintained to support existing spatial and temporal groundwater 
recharge trends. Best management practices that maintain infiltrating water quality 
should be applied. 

4.2.2 Surface Water Characterization and Functions 

i. North of Roseville Road, there are no continuous watercourses that connect the 
uppermost reaches of the Cedar Creek watershed, with the Cedar Creek watercourse 
(whose western tributary headwaters just downstream of the Roseville Road/Industrial 
Road intersection). Conveyance from watershed areas north of New Dundee Road consists 
of a series of swales and low areas that traverse regularly cropped agricultural fields. Due 
to how infrequently these headwater drainage features convey flow, they have been 
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classified as “no protection”. However, they do play a critical role in flow conveyance 
during periods of extreme rainfall/snowmelt events. 

The conveyance capacity of headwater drainage features identified north of Roseville 
Road must be maintained. 

ii. If unmitigated, the conversion of agricultural lands to urban land uses north of New 
Dundee Road will increase the rate and volume of stormwater runoff generated. As 
described above, no permanently flowing watercourse that is able to convey flow from 
upstream of New Dundee Road to the headwaters of Cedar Creek exists. Should the rate 
and volume of stormwater be increased, the existing headwater drainage feature network 
will be overwhelmed, affecting landowners’ access to lands, as well as road crossings. 
Should stormwater be discharged offsite, a legal outlet would be required prior to any 
development. 

Stormwater management and drainage systems should be implemented to 
appropriately manage the increased rate and volume of runoff from potential future 
development resulting in no increase in peak flows and runoff volume to the 
conveyance features located north of Roseville Road. As part of the stormwater 
management system, source, conveyance and end-of-pipe measures that promote 
infiltration, should be implemented. Should discharge be directed off-site, a legal outlet 
would also be required. 

iii. Cedar Creek is a low energy stream system that flows through wetlands for most of its 
length and has channel bed and bank materials that are characterized as fine-grained 
sediments with organics. As a result, the stability of the channel will be sensitive to 
variations in the flow regime. 

To maintain existing channel form and function, the stormwater management and 
drainage system should be implemented to appropriately manage the increased range 
and volume of potential future development resulting in no increase in peak flow and 
runoff volume to Cedar Creek. 

iv. As described throughout this document, Cedar Creek headwaters just downstream of the 
Roseville/Industrial Road intersection within the DSA. Several springs were observed and 
form the predominant source of flow for the watercourse, leading to a sensitive habitat. 
Coldwater species, including brook trout (Salvevelinus fontinalis), were observed in this 
upper reach. 
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To maintain the current function of the Cedar Creek headwaters, existing groundwater 
recharge rates, groundwater flow directions/divides, and existing recharge-discharge 
linkages should be maintained or enhanced. 

4.2.3 Water Quality Characterization and Functions 

i. Based on surface water sampling from 2015-2017, the water quality of Cedar Creek is 
generally good. Nutrients, specifically nitrate-nitrogen and phosphorous, are elevated in 
the headwaters of Cedar Creek, suggesting agricultural inputs may be affecting the 
watercourse. Elevated metals, particularly copper, were identified immediately 
downstream of the Highway 401 crossing. 

Based on potential future land use conditions within the study area, stormwater 
management infrastructure should be designed to maintain or enhance the current 
water quality conditions to the greatest extent possible. 

ii. Existing land use within the Cedar Creek watershed is primarily agricultural and terrestrial 
units, resulting in reasonable water quality. The existing sandy soils provide a water 
quality function as filtration mediums based on the significant infiltration within the 
watershed. 

Adequate pre-treatment of surface runoff from paved surfaces should be provided prior 
to infiltration measures. Stormwater management measure should have adequate 
pre-treatment of surface water drainage to protect groundwater quality, particularly for 
those areas whose recharged water is able to reach the lower aquifer (AFD1). Infiltration 
stormwater quality management measures that filter contaminants from runoff should 
be implemented areas part of any potential development. For dissolved contaminants 
(e.g., chloride) that cannot be readily treated prior to infiltration, management plans 
(e.g., salt management plans) should be developed and implemented for potential 
future developments. 

iii. Thermal regime analysis found that the majority of stations can be classified as either 
“cold” or “cold-cool” water. The exception to this was the tributary downstream of 
Reidsville which was classified as “cool-warm”. This indicates a smaller proportion of 
streamflow being composed of groundwater than other reaches in Cedar Creek and may 
be due to a pond upstream of the tributary sampling location. 

Groundwater contributions need to be maintained and surface water temperatures 
impacts from development need to be mitigated. For those developments that discharge 
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stormwater directly to a watercourse, stormwater management practices that mitigate 
thermal impacts from urban development should be implemented. 

4.2.4 Aquatic Characterization and Functions 

i. Aquatic characterization was completed by summarizing fish survey results completed by 
the GRCA in 2016 and 2018. Twenty-one species were documented and the associated 
Index of Biological Integrity (IBI) score ranged from “fair” to “good”. Further to this, Brook 
Trout (Salvelinus fontinalis) were present at all survey sites and indicate a major 
component of streamflow is groundwater discharge. Brook Trout were also identified at 
the headwaters of Cedar Creek, where multiple groundwater springs were observed to 
contribute to streamflow. 

ii. The analysis of GRCA’s benthic macroinvertebrate data indicates that the average IBI 
scores range from ‘potentially unimpaired’ to ‘potentially impaired’. All three sites 
sampled had high abundances and high taxonomic richness. 

iii. Overall, the results of the fish community surveys indicate that Cedar Creek has a good 
fishery and provides habitat for many cool to coldwater species. 

To maintain the Cedar Creek fishery, it will be imperative that existing recharge volumes 
are maintained, as well as groundwater recharge-discharge linkages and flow directions. 
Furthermore, stormwater management plans must ensure that potential future 
development results in no increase in peak flow and runoff volume to Cedar Creek, and 
that appropriate water quality and thermal controls are implemented to match existing 
conditions. 

4.2.5 Terrestrial Characterization and Functions 

i. The Cedar Creek watershed contains four Provincially Significant Wetlands (PSWs): the 
Roseville Swamp – Cedar Creek Wetland Complex, the Cedar Creek Tributary Wetland 
Complex, Milroy Lake Wetland, and the Bannister Wrigley Sudden Tract Wetland Complex. 
Isolated, unevaluated wetlands associated with the headwaters and upper reaches of 
Cedar Creek are present, but due to the depth to groundwater, extensive wetland features 
are generally not found in the uppermost reaches of the DSA. Wetlands throughout the 
Cedar Creek watershed primarily consist of deciduous, mixed, and thicket swamps, 
meadow and shallow marshes, and shallow and open water features. 



 

 
24812-528x SWS R 2019-10-03 final V1.0.docx 68 Matrix Solutions Inc. 

ii. Five terrestrial SAR were observed: Butternut (Juglans cinerea), Bank Swallow (Riparia 
riparia), Barn Swallow (Hirduno rustica), Bobolink (Dolichonyx oryzivorus), and Eastern 
Meadowlark (Sturnella magna). Four additional SAR have the potential to occur within the 
study area: American Badger (Taxidea taxus), Jefferson Salamander (Ambystoma 
jeffersonianum), Little Brown Myotis (Myotis lucifuga), and Northern Myotis (Myotis 
septentrionalis). 

Site-specific studies are required to confirm the presence of these SAR species and SAR 
habitats. 

5 Conceptual Land Use 

5.1 Planning Framework Background 
The following sections summarize the provincial, regional and municipal planning frameworks 
and policy context, related to the DSA, the Township of North Dumfries, and the SKPA. 
Specifically, this summary focusses on: 

• potential future growth and intensification 
• management of impacts due to urbanization on stormwater, groundwater and water 

dependant natural features 

5.1.1 Provincial Policy Statement (2014) 

Under Section 1.6.6 Sewage, Water and Stormwater, the PPS expects growth or development 
to be accommodated for in a manner that promotes efficient use and optimization of existing 
municipal or private sewage and water services. 

Planning for stormwater management is directed to minimize or prevent increases in 
contamination loads, minimize changes in water balance and erosion. Have no increase risks to 
human health and safety and property damage, maximize extent and function of vegetative and 
pervious surfaces and promote stormwater management best practices, including stormwater 
attenuation and re-use, and low impact development. 

Section 2.2.1 of the PPS directs planning authorities to protect, improve or restore the quality 
and quantity of water by: 

a) using the watershed as the ecologically meaningful scale for integrated and long-term 
planning, which can be a foundation for considering cumulative impacts of development 
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b) minimizing potential negative impacts, including cross-jurisdictional and cross-watershed 
impacts 

1. Implementing necessary restrictions on development and site alteration to: protect 
all municipal drinking water supplies and designated vulnerable areas. 

2. protecting, improving or restoring vulnerable surface and ground water, sensitive 
surface water features and sensitive ground water features, and their hydrologic 
functions. 

Development and site alteration shall be restricted in or near sensitive surface water features 
and sensitive ground water features such that these features and their related hydrologic 
functions will be protected, improved or restored.  

Mitigative measures and/or alternative development approaches may be required in order to 
protect, improve or restore sensitive surface water features. Sensitive ground water features, 
and their hydrologic functions  

5.1.2 Growth Plan for the Greater Golden Horseshoe (2019) 

Section 3.2.6 (Water and Wastewater Systems) of the Growth Plan requires municipal water 
and wastewater systems and private communal water and wastewater systems to be planned, 
designed, constructed, or expanded in accordance with the following:  

a) Opportunities for optimization and improved efficiency within existing systems will be 
prioritized and supported by strategies for energy and water conservation and water demand 
management. 

b) The system will serve growth in a manner that supports achievement of the minimum 
intensification and density targets in this Plan. 

Section 3.2.7 Stormwater Management subsection 2 of the Growth Plan requires proposals for 
large-scale development proceeding by way of a secondary plan, plan of subdivision, vacant 
land plan of condominium or site plan be supported by a stormwater management plan or 
equivalent, that:  

• “is informed by a Subwatershed plan or equivalent;  
• incorporates an integrated treatment approach to minimize stormwater flows and 

reliance on stormwater ponds, which includes appropriate low impact development and 
green infrastructure;  
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• establishes planning, design, and construction practices to minimize vegetation removal, 
grading and soil compaction, sediment erosion, and impervious surfaces; and  

• aligns with the stormwater master plan for the settlement area, where applicable.“ 

Section 4.2.1 Water Resource Systems of the Growth Plan requires municipalities, partnering 
with conservation authorities as appropriate to ensure that watershed planning is undertaken 
to support a comprehensive, integrated, and long-term approach to the protection, 
enhancement, or restoration of the quality and quantity of water within a watershed. In 
addition, Section 3 of the Growth Plan requires that, “[W]ater infrastructure planning will be 
informed by watershed planning to ensure that the quality and quantity of water is 
maintained.” 

5.1.3 Minimum Density Targets in the Growth Plan (2019) 

The Provincial Growth Plan mandates Greenfield Area Density Targets that are used to calculate 
land needs through the Provincial Land Needs Assessment Methodology. Targets are 
implemented through the ROP review and associated future policy directions. 

Density Targets indicate the minimum density, measured in residents and jobs combined per 
hectare, that municipalities are required to plan to achieve (by the Growth Plan planning 
horizon of 2041) within the designated greenfield area. The designated greenfield area density 
target varies between the inner ring and outer ring, and, in the inner ring between existing and 
new designated greenfield area.  

The minimum density target required by Growth Plan policies, which must be planned to be 
achieved by the Growth Plan horizon, that pertain to the SKPA as an outer ring has recently 
changed from 80 residents and jobs per hectare to 50 residents and jobs per hectare. 

An 80 persons and jobs per hectare density target has been used in the development of the 
study’s land use concept as it reflects the form of recent development in the area (Rosenberg 
Planning Area) and is the highest density land use stressor the subject lands could 
accommodate. 
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5.1.4 Waterloo Regional Official Plan (2015) 

5.1.4.1 Landscape Level Systems, Regional Recharge Areas (Environmental 
Protection), Watershed Planning, and Source Water Protection 
Framework Analysis 

The following ROP policies provide guidance on the management, protection, and conservation 
of water resources as development and growth occurs within the Region. 

Section 7.B.25, Landscape Level Systems Regional Recharge Areas (Environmental Protection), 
of the ROP provides further detailed direction in the management of growth and development 
within Regional Recharge Areas with the intent of: 

• maintaining, improving or restoring the hydrogeologic and hydrologic functions of Regional 
Recharge Areas as established through watershed studies, community plans or through 
further study in accordance with Policy 8.A.4 

• ensuring development incorporates best management practices, where appropriate, 
developed in accordance with the provisions of the Regional Implementation Guideline for 
Source Water Protection Studies 

• ensuring development is in conformity with all other applicable policies of this Plan 

Under Section 7.E.5, lands within river or stream valleys, floodplains, wetlands, watercourses, 
lakes or hazardous lands, or lands within 120 metres of Provincially Significant Wetlands and 
wetlands greater than or equal to two hectares, or lands within 30 metres of wetlands less than 
two hectares, are regulated by the GRCA. Development or site alteration within these 
Regulated Areas will require a permit from the GRCA in accordance with the applicable 
regulations under the Conservation Authorities Act.  

Under Section 7.F Watershed Planning 7.F.1, the Region recognizes the watershed as the 
regionally ecologically meaningful scale for planning and, in collaboration with the Province, 
Area Municipalities and the GRCA, will undertake watershed studies both to minimize adverse 
environmental impacts, including cross-jurisdictional and cross-watershed impacts, and to 
maintain, enhance or, wherever feasible, restore the Greenland’s Network. Such studies will 
also be used to direct enhancement of the water system, maintenance or improvement of the 
health of watercourses and to identity natural hazards.  

Under Section 8.C.2, the Region may consider the use of alternative protection measures within 
highly vulnerable Source Water Protection Areas, including but not limited to, the 
establishment of a Land Trust for acquiring, holding and managing Source Water Protection 
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Areas, and/or entering into conservation easements, agreements, and development of 
stakeholder partnership programs to encourage changes in land use or land management 
practices.  

5.1.4.2 Shaping Waterloo Region’s Urban Communities Framework Analysis 

Chapter 2 of the ROP includes goals and objectives related to the Region’s Urban 
Communities. The overall goal of the Region with respect to its urban communities is to: 

“Promote balanced growth by directing a greater share of urban development towards 
the existing Built-Up Area and by contributing to the creation of complete communities 
in Urban and Township Designated Greenfield Areas.” 

This chapter includes population and employment forecasts for the Region as a whole, as well 
as for each local municipality. Importantly, the chapter also includes detailed policies on the 
elements that make up the Region’s community structure, including the Countryside Line, the 
Urban Area, Urban Area Expansions, Township Urban Areas, and Township Urban Area 
Expansions/Rationalizations.  

Policies are included to guide the development of the Region’s Urban Areas, generally requiring 
the provision of complete communities and transit-supportive development across the Region 
and more detailed policies for specific areas, such as the Urban Growth Centres, Major Transit 
Station Areas, and Designated Greenfield Areas, including specific population and employment 
targets for each. 

Similar policies are included for the Township Urban Areas and the Highway 401/Regional Road 
97 Employment Area, reflective of the character and scale of those areas. 

5.1.5 City of Kitchener Official Plan (2014) 

5.1.5.1 Water Source Protection Policy Framework 

With the intent of protecting existing and future sources of drinking water from incompatible 
land uses, the City of Kitchener Official Plan (OP) provides detailed directions to manage change 
within Regional Recharge Areas as per Section 7.C.2.45 (as follows): 

“Development applications, excluding site plan applications, within a Regional 
Recharge Area on lands designated for urban development in this Plan will comply 
with the following: 
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• Category ‘A’ uses, as defined by the ROP, or employment land uses 
restricted under the Source Water Protection policies of the Regional 
Official Plan, will not be permitted. 

• The development maintains, enhances, or restores the hydrogeologic and 
hydrologic functions of the Regional Recharge Area as established through 
watershed studies, community plans or through further study in accordance 
with the Source Water Protection policies of the ROP. 

• The development incorporates best management practices, where appropriate, 
developed in accordance with the provisions of the Regional Implementation 
Guideline for Source Water Protection Studies. 

• The development is in conformity with all other applicable policies of this Plan and 
the ROP.” 

Under Section 7.C.3 Watershed Planning subsection 7.C.3.1, the City must work cooperatively 
with the Province, the Region and the GRCA to prepare and implement 
Watershed/Subwatershed Plans. The primary focus is to develop detailed targets and 
objectives for resource management, environmental protection and how these relate to 
development. Watershed/Subwatershed Plans also determines the type, level and intensity of 
development which may occur in the watershed/Subwatershed. 

5.1.5.2 Complete and Healthy Communities Policy Framework 

Section B of the City of Kitchener’s OP details the vision of Kitchener; implemented through 
goals objectives and policies of a complete and healthy community. The OP provides the 
anticipated growth to 2031 based on population and employment forecasts. The Kitchener OP 
provides a balanced Urban structure for the City and policies for growth and development. The 
OP identifies areas set out for intensification and efficient land use, supported by a 
transit-oriented development. The OP ultimately aims to direct growth away from natural 
heritage areas, maintain the character of existing neighbourhoods and protect employment 
lands for economic sustainability. 

Section B also addresses the guiding principles to grow and evolve the community by the 
forecasted year of 2031. The guiding principles ensure the community is vibrant, complete and 
healthy and supports a strong and competitive economy. The principles also focus on 
preserving valuable land, air, water and resources. Existing and new infrastructure should 
support the growth of the City. Growth should use the Kitchener Growth Management Program 
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effectively and promote the collaboration of all sectors and levels of government, private, 
public, and non-for-profit organizations. 

The goals of the OP are intended to provide policies aimed to enhance the quality of life for the 
residents of Kitchener. The OP lists nine goals for achieving a complete and healthy community 
for the residents of Kitchener aim to satisfy residents with their social, economic, cultural and 
physical needs. 

5.1.5.3 Relevant Official Plan Land Use Designations 

Residential Uses (Section 15.D.3) 
Residential lands are important components of Kitchener. They are the places where a majority 
of Kitchener’s residents live and they need to support a high quality of life. High quality 
residential areas provide varied housing options for residents in different life circumstances in 
locations which are supported by community infrastructure such as parks and schools and an 
integrated transportation system, as well as commercial uses, employment uses and other 
services which are essential to day-to-day life.  

The City’s main residential areas include three land use designations; Low Rise Residential, 
Medium Rise Residential and High Rise Residential.  

Objectives in the delivery of high-quality residential forms include:  

• To support a high quality of life in residential areas.  

• To encourage the distribution of local convenience commercial uses, institutional, personal 
services and other complementary non-residential uses in appropriate locations within 
residential areas.  

• To ensure that existing and new residential areas are walkable and are supported by all 
modes of transportation.  

Low Rise Residential Designation (15.D.3.8 – 10) 
The Low Rise Residential land use designation accommodates for a full range of low-density 
housing types including single detached dwellings, duplex dwellings, semi-detached dwellings, 
street townhouse dwellings, townhouse dwellings in a cluster development, low-rise multiple 
dwellings and special needs housing.  

The City will encourage and support the mixing and integrating of innovative and different 
forms of housing to achieve and maintain a low-rise built form.  
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The maximum net residential density for lands which are designated Low Rise Residential will 
be 30 units per hectare unless otherwise stated in Kitchener’s Growth Management Program.  

Mid Rise Residential Designation (15.D.3.15 – 17) 
The Medium Rise Residential land use designation will accommodate a range of medium 
density housing types including townhouse dwellings in a cluster development, multiple 
dwellings, and special needs housing. 

The City will encourage and support the mixing and integrating of innovative and different 
forms of housing to achieve and maintain a medium-rise built form. 

The net residential density for lands which are designated Medium Rise Residential will be a 
minimum of 30 units per hectare to a maximum of 200 units per hectare. 

High Rise Residential (15.D.3.22 -23) 
The High-Rise Residential land use designation will primarily accommodate high density 
multiple dwellings and special needs housing to achieve a high intensity of residential use. 

The net residential density for lands which are designated High Rise Residential will be a 
minimum of 100 units per hectare. 

Mixed Use (Section 15.D.4) 
The Mixed Use land use designation is intended to be flexible and responsive to land use 
pattern changes and demands and permit a broad range of uses at different scales and 
intensities depending on the lands’ geographic location and identification at the urban 
structure level. As such, an appropriate and compatible mix and range of commercial, retail, 
institutional and residential uses, at different scales and intensities will be encouraged and 
supported within lands designated Mixed Use depending on their location within the City’s 
Urban Structure. 

Permitted residential uses may include those medium and high-rise residential uses permitted 
in the Medium Rise Residential and High-Rise Residential land use designation, including special 
needs housing. 

Permitted non-residential uses within the Mixed Use land use designation may include the 
following: 

• compatible commercial uses such as, but not limited to, retail, commercial 
entertainment, restaurants, financial establishments 
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• personal services 
• office 
• health-related uses such as health offices and health clinics and institutional uses such as 

daycare facilities, religious institutions, and educational establishments but not including 
elementary schools 

• social service establishment 
• studio and artisan-related uses 

Retail Commercial Centres, Major Office and Major Institutional will only be permitted in 
accordance with the applicable policies in Section 3.C.2. 

The combined total non-residential gross floor area per property will be restricted to 7,500 
square metres and will not exceed 5,000 square metres of combined gross floor area devoted 
to retail uses or 5,000 square metres of combined gross floor area devoted to office uses within 
lands designated Mixed Use identified as a Neighbourhood Node or Urban Corridor. 

5.1.5.4 Southwest Kitchener Policy Area 

The Southwest Kitchener Policy Area (SKPA) is located outside the Urban Area Boundary and 
the exact extent of its defining west and south boundaries are yet to be determined through 
the City’s next comprehensive OP review (refer to Figure A). 
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Figure A City of Kitchener OP Map 1: City Urban Area and Country Side 

As shown in Figure B, the SKPA is adjacent to designated Community and Green Areas to the 
north and east as well as a Community Node area located along Fischer Hallman Road 
immediately to the north. 
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Figure B Map 2: City of Kitchener OP Urban Structure 

Applicable land use polices include: 

Community Areas (Section 3.C.2) 
The planned function of Community Areas is to provide for residential use as well as 
non-residential supporting uses intended to serve the immediate residential areas. Within 
these areas applicable land use designations may include Low Rise Residential, Medium Rise 
Residential, High Rise Residential, Open Space, Institutional and/or Major Infrastructure and 
Utilities. 

Limited intensification may be permitted within Community Areas in accordance with the 
applicable land use designation on Map 3 and the Urban Design Policies in Section 11. 
The proposed development must be sensitive to and compatible with the character, form and 
planned function of the surrounding context.  

Green Areas (Section 3.C.2) 
The planned function of Green Areas is to protect and conserve the ecological functions and 
features and passive and active recreation that these areas provide. Within areas identified as 
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Green Areas on Map 2, the applicable land use designation may include Natural Heritage 
Conservation and Open Space. 

Community Node (Section 3.C.2) 
Community Nodes are located along existing or planned transit corridors.  

The planned function of Community Nodes is to provide for commercial uses with a mix of 
residential and institutional uses necessary to support and complete surrounding residential 
communities. Community Nodes primarily serve an inter-neighbourhood market and are 
intended to intensify, be transit-supportive and cycling and pedestrian-friendly.  

The City’s Primary Intensification Areas include the Urban Growth Centre (Downtown), Major 
Transit Station Areas, City Nodes, Community Nodes, and Urban Corridors.  

5.1.6 Township of North Dumfries Official Plan  

Under Section 2.6.7.1 of the Township of North Dumfries Official Plan (OP), the Prime 
Industrial/Strategic Reserve (Un-serviced) designation applies to portions of the Highway 
401/Regional Road 97 Employment Area (refer to Figure C). 

 

Figure C North Dumfries OP Map 2.27 
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Lands within this designation are intended to provide additional opportunities for employment 
growth and business development within the township. Development within the Prime 
Industrial/Strategic Reserve (Un-serviced) designation will generally be limited to privately 
serviced logistics and warehousing uses that require close access to the Highway 401 corridor 
to efficiently move goods into and out of the Region.  

Under Section 2.6.7.2 of the OP, lands designated as Prime Industrial/Strategic Reserve 
(Un-serviced) will be developed as parcels greater than eight hectares in size, unless otherwise 
compromised by such considerations as design limitations associated with environmental 
features, property configurations, and the provision of new local roads or existing 
development.  

Section 2.6.7.3 notes that notwithstanding Policy 2.6.7.2, where monitoring clearly 
demonstrates that there will be a critical shortfall in the inventory of un-serviced lands available 
in the short to medium term to meet the needs of new and expanding businesses requiring lot 
sizes less than eight hectares, the Township may permit, through an amendment to this Plan, 
the creation of smaller parcels to meet those needs. 

Under Section 6.1.5 Regional Recharge Areas (Environmental Protection) subsection 6.1.5.4 
development applications within Regional Recharge Areas on lands already designated for 
urban development in the OP may be permitted in accordance with the policies of this Plan and 
Section 7B of the ROP. 

Section 6.2 Watershed Planning subsection 6.2.14 Cedar Creek Sub-Watershed references this 
study indicating that policies relating to this scoped sub-watershed study will be considered by 
future amendments to the OP. 

5.2 Land Uses 
The land use policy framework described in the preceding sections have informed the 
generation of land use options that are outlined in the following sections. The developed land 
use options will then be used to assess potential environmental impacts that the DSA may 
experience should development proceed. 

It is important to note that the land use concepts presented below have been established solely 
for the purpose of analytical assessments of potential impacts associated with surface and 
ground water, as well as the associated natural systems. The use of the land use concept for the 
subject purpose does not suggest any endorsement or support for potential future land uses. 
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5.2.1 Prime Industrial Strategic Reserve 

Based on current Township OP policy, future land uses within the North Dumfries Prime 
Industrial Strategic Reserve are industrial in nature to be serviced and accessed off surrounding 
roads (refer to Figure 41). 

Based on a maximum lot size of eight hectares, the east parcel can accommodate 3 new 
industrial lots serviced by a 22 metre right-of-way. 

The west parcel can accommodate 6 eight-hectare industrial lots in addition to the 10 industrial 
lots proposed for 2194 Dumfries Road (ranging in size from 1.5 to 5 hectares) for a total of 
16 industrial lots serviced by a 22 metre right-of-way. 

5.2.2 Southwest Kitchener Policy Area 

Based on Provincial and Municipal land use policy, the land use policy assumptions outlined 
above, and community master planning best practices associated in the delivery of pedestrian 
friendly, transit-oriented communities a land use concept was developed for the SKPA. 

The land use concepts were developed in consultation with Regional planning staff and only 
represent one possible land development scenario. The land use concept has been established 
solely for the purpose of analytical assessments of potential impacts associated with surface 
and ground water, as well as the associated natural systems. The use of the land use concept 
for the subject purpose does not suggest any endorsement or support for potential future land 
uses. 

The proposed land use concept achieves a minimum target of 80 persons and jobs per hectare 
resulting in approximately 9,300 units, 23,000 residents and 1,575 jobs for a total of 81 persons 
and jobs per hectare. Refer to Figure 42 for further detail. 

The proposed land use concept is structured as follows: 

5.2.2.1 Community Structure 

The potential future community structure has been divided into four pedestrian friendly 
sub-neighbourhoods (defined by a 450-metre walking radius). 

One sub-neighbourhood is located along Fischer Hallman Road were the community’s future 
retail, mixed use and higher residential densities are envisioned to further support the road’s 
intensification and transit-oriented policies and vision. 
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The remaining three sub-neighbourhoods are mainly residential in nature all with a distinctive 
centre either in the form of an Open Space, School and/or Mid-Rise Residential uses or a 
combination thereof. 

5.2.2.2 Open Space Structure 

Natural Heritage Systems present in the SKPA were used as important structural green 
elements of the potential new community guiding the location of future open space areas to be 
in close proximity to larger natural features when possible and feasible. 

5.2.2.3 Road Structure 

The proposed land use concept assumes the extension of surrounding arterial and collector 
roads systems such as Strasburg Road and the future Beckview Drive south to New Dundee 
Road.  

In addition to the mentioned arterial/collector road extensions, an east-west collector system 
that results in a modified grid pattern has been introduced to further connect the entire study 
area and define each sub-neighbourhood. 

5.2.2.4 Land Use Structure 

Higher density and intensity of uses are located along Fischer Hallman to further support the 
road’s envisioned higher order transit role. This sub-neighbourhood, centered on Fischer 
Hallman Road, is to accommodate the community’s larger retail needs as well as the 
community’s mixed use and higher density targets. 

Each remaining sub-neighbourhood is defined by a range of Mid to Low Rise Residential uses 
with institutional or open space used defining each neighbourhood centre. 

5.2.2.5 Development Assumptions 

Land Use assumptions used in the development of the land use concept include: 

• Low Rise Residential net residential density of 20 u/ha (net-net of 25 u/ha) 
• Medium Rise Residential net residential density of 115 u/ha (net-net of 141 u/ha) 
• High Rise Residential net residential density of 252 u/ha (net-net of 311 u/ha) 
• Mixed Use Neighbourhood Node net residential density of 40 u/ha (net-net of 121 u/ha) 
• Net Residential Densities include streets, open spaces, stormwater management ponds and 

schools 
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• Net-Net Residential Densities include streets but exclude open spaces, stormwater 
management facilities and schools 

• Jobs assume an employee per 500 sf (46 m2), 30% of site coverage for a total of 65 jobs per 
net hectare 

• Persons per Unit (PPU) values were derived from blending existing Region of Waterloo PPU 
values for single/town/semis, as follows: 

 Low Rise Residential – 2.85 PPU 
 Medium Rise Residential – 2.11 PPU 
 High Rise Residential – 1.77 PPU 
 Mixed Use – 2.44 PPU 

• Public School Board Child Generation Factor 

 Single Detached – 0.5 
 Semi-Detached – 0.3 
 Townhouse – 0.28 
 Apartment – 0.0.3 

• Catholic School Board Child Generation Factor 

 Single Detached – 10 to 15 children per 100 units 
 Semi-Detached – 10 to 15 children per 100 units 
 Townhouse – 10 to 15 children per 100 units 

6 Impact Assessment 
Analyses and assessments have been completed to determine the potential impacts of the 
proposed land use change within the DSA on the area’s resources, based on the conceptual 
land use plan. The purpose of the testing has been to specifically determine how the land use 
impact and management concept satisfies various objectives regarding the preservation and/or 
enhancement of natural features and system functionality. The following section presents the 
findings of the impact assessment related to the specific study disciplines.  

The following two potential future land use scenarios have been developed for the DSA:  

• Scenario #1: PISR lands are built out, SKPA lands remain in current agricultural land use  
(ref. Figure 41). 

• Scenario #2: SKPA lands are fully urbanized, in addition to the PISR lands being built out  
(ref. Figure 42). 



 

 
24812-528x SWS R 2019-10-03 final V1.0.docx 84 Matrix Solutions Inc. 

The impervious coverages established in the Rosenberg Secondary Plan for the South Kitchener 
Land have been applied for the impact assessment portion of the Upper Cedar Creek Scoped 
Subwatershed Study (Table 15). 

Table 15 Impervious Coverage for the Potential Future Land Uses 
Land Use Type % Imperviousness 

Low Rise Residential  50 
Mid Rise Residential 61 
High Rise Residential 78 
Mixed Use Residential 83 
Retail Commercial 85(1) 
Open Space - Parkland 25 
Schools 78 
Natural Heritage System 5 
Provincial Natural Heritage Area 0 
Supporting Natural Heritage Features 0 
Employment 78 
1the Retail Commercial impervious percentage is 94% in 
the Rosenberg Secondary plan for South Kitchener. 

6.1 Hydrogeology  
As described above, there are two land use scenarios that are to be quantitatively assessed for 
their impacts to the hydrogeology, in the absence of stormwater management. To complete 
this assessment, both the MIKE SHE and FEFLOW models that were developed/refined 
(Section 3.2) were used. The following outlines the workflow for incorporating the land use 
scenarios into the modelling framework: 

• MIKE SHE model was updated to include the potential land use scenarios outlined in 
Section 4. 

 For lands which the scenarios indicate may potentially be converted to urbanized lands, 
surface parameters such as depression storage, leaf area index, seasonal vegetation 
parameters, and Manning coefficient were updated to be consistent with urban land 
uses. 

 Proportion of urban lands that would be impervious under the land use scenarios were 
identified as such (as per Table 15). 
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 Treatment of stormwater generated from impervious lands was handled differently 
depending on the proximity of urban lands to receiving watercourses. 

 Lands north of New Dundee – as no receiving watercourse was nearby, stormwater 
was allowed to discharge south of New Dundee Road into the existing overland flow 
path that becomes active during extreme events. The associated stormwater flows 
downslope until it reaches a watercourse where it becomes part of the streamflow 
hydrograph. Additionally, depending on the elevation of the groundwater table and 
the permeability of the surficial soils, this stormwater is able to infiltrate into the 
subsurface, subsequently becoming groundwater recharge. It is noted that should 
development proceed in the future, a legal outlet would have to be secured to 
discharge stormwater offsite, or all stormwater would need to be infiltrated onsite. 
Discharging stormwater across the Kitchener/North Dumfries municipal boundary 
may present additional complications. 

 Eastern PISR lands – As these lands are immediately adjacent to Cedar Creek, 
associated stormwater was directed into Cedar Creek. 

 Western PISR lands – Stormwater was directed toward the nearest watercourse, 
which is located outside the DSA, but within the Cedar Creek watershed. 

• MIKE SHE model was run for both land use scenarios and used to quantify the change to 
groundwater recharge, as well as the water budget. 

• The FEFLOW model was then updated with the groundwater recharge estimates for both 
scenarios and used to evaluate impacts to the groundwater flow system and 
recharge/discharge linkages. 

6.1.1 Groundwater Recharge 

One of the primary objectives of the MIKE SHE model is to produce distributed estimates of 
groundwater recharge for import into the FEFLOW groundwater flow model. While MIKE SHE 
does include a three-dimensional representation of the saturated flow system, it represents the 
flow system in a more simplified fashion that FEFLOW does. Additionally, the FEFLOW model 
has been developed for the entirety of the Waterloo Moraine, and as such, is not impacted by 
boundary conditions affecting flow processes within the Cedar Creek watershed. 

Annual average groundwater recharge, as estimated by MIKE SHE, for baseline conditions as 
well as Land Use Scenarios #1 and #2 are included in Figures 10, 43, and 44, respectively. 
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The reduced groundwater recharge associated with the SKPA and PISR lands is evident, with 
recharge rates approximately half of baseline conditions. 

As mentioned previously, due to a lack of a receiving watercourse, the Land Use Scenario #2 
assumed that stormwater generated by impervious lands associated with the SKPA would be 
discharged to the south side of New Dundee Road where an overland flow path would convey 
the water downstream. As the stormwater flows overland, the MIKE SHE model will allow a 
portion of that water to infiltrate (provided sufficient depth to the water table and surficial 
materials will allow for infiltration). As can be seen in Figure 44, this has resulted in a ribbon of 
very high recharge extending from New Dundee Road, through a series of agricultural fields and 
forest blocks, to Roseville Road. This ribbon of high recharge is caused by frequent discharge of 
stormwater into this overland flow path. As the water table is sufficiently deep, and the surficial 
soils are predominantly sand, this water has opportunity to infiltrate and subsequently 
recharge the groundwater flow system. Due to the decreased evapotranspiration from the 
SKPA lands, there is an increase in surplus water generated from those lands than under 
baseline conditions. As this surplus water is eventually recharged downstream of New Dundee 
Road, it leads to an overall increase in groundwater recharge over the DSA. 

6.1.2 Water Budget 

A water budget quantifies significant water flows into/out of a specified area. It is used to 
understand the key components of the water cycle, and as a tool for change detection when 
evaluating the significance of potential stressors (e.g. urbanization or increased water 
withdrawals). 

Included in Table 16 is the 2014-2016 annual water budget for the DSA for the baseline 
condition, as well as the two land use scenarios. The 2014-2016 time period varies from the 
time period (1998-2016) used to summarize the water budget values but corresponds with the 
calibration period used for the FEFLOW model. To ensure consistency between the MIKE SHE 
and FEFLOW results, the impact assessment results are presented over the 2014-2016 period.  

One of the primary differences between each of the three scenarios is evapotranspiration.  
Both Land Use Scenario #1 and #2 show decreasing evapotranspiration rates, which correspond 
to increasing levels of impervious cover. Urbanized scenarios typically have less 
evapotranspiration as the impervious cover reduces the amount of water that can infiltrate and 
be stored in the upper soil layers. It is soil moisture in the upper soil layer that sustains 
evapotranspiration during dry periods. With decreased infiltration, comes reduced 
groundwater recharge, which has the resulting impact of reduced groundwater heads. As a 
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result, the DSA receives slightly more groundwater inflow from outside the DSA under both 
land use scenarios. Groundwater outflow is slightly reduced for Land Use Scenario #1, while 
Land Use Scenario #2 shows a slight increase in groundwater outflow. The increase associated 
with Land Use Scenario #2 is due to stormwater being allowed to infiltrate south of New 
Dundee Road, leading to an overall increase in recharge. This increase in recharge locally raises 
the groundwater level between New Dundee Road and Roseville Road, inducing an increase in 
groundwater flow out of the DSA. 

Surface outflows for both land use scenarios are similar and show a slight increase in total 
surface outflow (~50 mm/year), caused by an increase of impervious lands. 

Table 16 2014-2016 Water Budget for DSA (mm/year) 

Water Budget Parameter Baseline Land Use 
Scenario #1 

Land Use 
Scenario #2 

Precipitation 948 948 948 
Evapotranspiration 585 565 537 
Subsurface Inflow 381 391 387 
Subsurface Outflow 433 425 446 
DSA Surface Outflow 288 328 333 

Baseflow 265 254 258 
Overland 23 26 27 

Outflow from Impervious Areas 0 48 48 
Storage Change 24 23 22 

*Values may not sum to zero due to rounding errors 

Table 17 displays the water budget for each scenario, for only the portion of the DSA that is 
upstream of New Dundee Road. This portion of the DSA is approximately equal to the SKPA 
lands that are within the Cedar Creek Subwatershed. As Land Use Scenario #1 does not modify 
any lands north of New Dundee Road, the water budget is the same as baseline conditions. The 
urbanization effects shown for Land Use Scenario #2 mimic the impacts shown for the DSA 
water budget but are magnified as the area of interest is focussed only on those lands that may 
undergo urbanization. Due to reduced infiltration, evapotranspiration is reduced approximately 
100 mm/year. Groundwater inflows are increased approximately 20%, and groundwater 
outflows are reduced approximately 12%. Surface outflows, where under the baseline condition 
were zero, is now a significant portion of the water budget (250 mm/year), although completely 
comprised of outflows from impervious lands.  
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Table 17 2014-2016 Water Budget for Lands North of New Dundee Road (mm/year) 

Water Budget Parameter Baseline Land Use 
Scenario #1 

Land Use 
Scenario #2 

Precipitation 948 948 948 
Evapotranspiration 598 598 482 
Subsurface Inflow 286 286 340 
Subsurface Outflow 607 608 533 
Surface Outflow 0 0 250 

Baseflow 0 0 0 
Overland 0 0 0 

Outflow from Impervious Areas 0 0 250 
Storage Change 28 28 23 

*Values may not sum to zero due to rounding errors 

6.1.3 Groundwater Discharge 
Once MIKE SHE simulated the impacts of the land use scenarios, the FEFLOW model was 
updated with the MIKE SHE simulated groundwater recharge distributions for each of the land 
use scenarios. Included in Table 18 is the simulated groundwater discharge for baseline 
conditions as well as the land use scenarios. The percent difference from baseline conditions is 
also included for the two land use scenarios.   

Generally, Land Use Scenario #1, which has a slight reduction in groundwater recharge, is 
predicted to have a corresponding reduction in groundwater discharge. The reductions are 
focussed in watercourses in close proximity to the Prime Industrial Strategic Reserve lands, 
specifically the eastern tributary of Upper Cedar Creek, and the main Cedar Creek channel. 

Land Use Scenario #2, which includes the impacts of Land Use Scenario #1, shows a more varied 
response. The Upper Cedar Creek – Eastern Tributary, still shows a slight reduction in 
groundwater discharge. The increased groundwater recharge, caused by the infiltrating 
stormwater, is sufficient to offset the reductions in groundwater discharge observed in Land 
Use Scenario #1 along the main stem of Cedar Creek. Most notably, the Upper Cedar Creek – 
Western Tributary shows a significant increase (8%) of groundwater discharge. 

The results of this assessment show that the impact of unmitigated urbanization is generally 
minor (-5% or less) for the receptors evaluated. The additional groundwater recharge 
introduced by the infiltration of stormwater from the SKPA area is shown to offset the impacts 
of reduced groundwater recharge from the Prime Industrial Strategic Reserve lands. A key 
reach, the Cedar Western Tributary, which is supports a brook trout fishery is predicted to have 
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a significant increase in groundwater recharge. Provided the increased discharge is an 
acceptable quality, this should increase the resilience of the reach to support aquatic life. 

Table 18 Simulated Groundwater Discharge – Scenario Assessment (m3/s) 

Receptor 

Baseline Land Use Scenario #1 Land Use Scenario #2 

GW 
Discharge 

GW 
Discharge 

% 
Difference 

from 
Baseline 

GW 
Discharge 

% 
Difference 

from 
Baseline 

Cedar Creek Upstream Alps Road 0.306 0.296 -3% 0.306 0% 
Cedar Creek Downstream of Alps Road 0.363 0.353 -3% 0.363 0% 
Upper Cedar - West Tributary 0.080 0.079 -2% 0.087 8% 
Upper Cedar - East Tributary 0.070 0.067 -5% 0.067 -4% 
Roseville Swamp 0.044 0.044 0% 0.045 1% 
Blair Creek 0.166 0.166 0% 0.165 0% 

6.1.4 Recharge Function 

Included in Table 19, is a summary of the proportion of DSA-derived recharge that is captured 
by each receptor, for the baseline conditions, as well as each of the two land use scenarios. 
Additionally, this also summarizes the proportion of total discharge received by each receptor 
that is provided by DSA lands. When evaluated together, these values allow the reader to 
assess the significance of DSA-derived recharge on each receptor and how the land use 
scenarios may affect that. 

Table 19 Recharge Function – Scenario Assessment 

Receptor 

Baseline Land Use Scenario #1 Land Use Scenario #2 

% of DSA 
Recharge 
Captured 

% of 
Discharge 

Originating 
within DSA 

% of DSA 
Recharge 
Captured 

% of 
Discharge 

Originating 
within DSA 

% of DSA 
Recharge 
Captured 

% of 
Discharge 

Originating 
within DSA 

Grand River 2% <1% 3% <1% 3% <1% 
Blair Creek (Incl. 
Roseville Swamp) 

10% 11% 12% 12% 13% 13% 

  Blair Creek (Not 
Incl. Roseville 

Swamp) 

0% 1% 1% 1% 1% 2% 

  Roseville Swamp 10% 49% 11% 51% 11% 56% 
Upper Cedar Creek 
Western Tributary 

26% 70% 25% 65% 29% 73% 
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Receptor 

Baseline Land Use Scenario #1 Land Use Scenario #2 

% of DSA 
Recharge 
Captured 

% of 
Discharge 

Originating 
within DSA 

% of DSA 
Recharge 
Captured 

% of 
Discharge 

Originating 
within DSA 

% of DSA 
Recharge 
Captured 

% of 
Discharge 

Originating 
within DSA 

Upper Cedar Creek 
Eastern Tributary 

4% 11% 4% 12% 3% 11% 

Cedar Creek u/s 
Alps Road 

44% 32% 46% 31% 44% 32% 

Cedar Creek d/s 
Alps Road 

1% 1% 1% 1% 1% 0% 

Nith River 6% <1% 5% <1% 3% <1% 
Strasburg Wellfield 0% 5% 1% 5% 1% 4% 
Ayr Wellfield* 1% NA 1% NA 2% NA 
Roseville Wellfield* 3% NA 2% NA 2% NA 

* indicates receptors where numerical model resolution is insufficient to accurately quantify 
the portion of DSA that is contributing recharge. Analysis has shown that a hydraulic 
connection between the DSA and receptor exists to a certain degree. 

 

In comparison to baseline conditions, there are minor changes as a result of Land Use 
Scenario #1. Due to the relatively small change in land use associated with this land use 
scenario, it was not expected to see significant changes. The proportion of DSA recharge 
captured by each of the receptors closely mimics the baseline condition, with the greatest 
difference being ~2%. Larger differences are identified when one compares the percent of 
discharge originating within the DSA (up to 5%) and is reflective of localized recharge reductions 
modifying the flow system, but not significantly affecting the total groundwater discharge to 
the features. These localized reductions in groundwater recharge are offset by the groundwater 
flow system supplying additional water that was recharged beyond the DSA boundaries. 

There are more significant impacts when comparing Land Use Scenario #2 to baseline 
conditions. Most notably, the Cedar Creek – Western Tributary increases the proportion of DSA 
recharge captured (from 26 to 29% of total DSA discharge), and the percent of discharge that 
originates within the DSA increases from 70 to 73%. Additionally, while Roseville Swamp 
captures a similar proportion of DSA groundwater recharge (10 vs 11%), a larger proportion of 
its total discharge is sourced from within the DSA (49 vs 56%). 

These increases are largely offset by reductions in DSA recharge supporting discharge along the 
Nith River (6 vs 3%). A key consideration to the increased reliance of the Cedar Creek – Western 
Tributary to DSA derived recharge, is the fact that this reach hosts a brook trout fishery. If this 
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reach is to receive a higher proportion of recharge from within the DSA under Land Use 
Scenario #2, care should be taken to ensure that DSA recharge remains as uncontaminated as 
possible, particularly as it relates to chlorides. Given the increased reliance of Roseville Swamp 
to DSA derived recharge, this consideration is also applicable to this key ecologic feature. 

Of particularly importance, the proportion of water withdrawn by the Strasburg wellfield that 
originates within the DSA remains relatively steady for Land Use Scenario #2, as compared to 
baseline conditions (reduction of ~1%). This provides confidence that potential developments 
within the SKPA are not likely to shift flow divides enough for the wellfield to capture 
significantly more water from within the DSA. 

The FEFLOW groundwater model was utilized to understand the groundwater flow patterns and 
determine linkages between recharge and discharge areas, based on the current understanding 
of the subsurface hydrogeologic conditions. Particle tracking was used within the FEFLOW 
model to track fictitious particles of recharging water to their eventual discharge location. The 
particle start locations are then colour-coded to reflect where recharging water is simulated to 
eventually discharge. The results from the baseline scenario, as well as Land Use Scenario #1 
and #2 are included in Figures 15, 45, and 46, respectively. For information purposes, Figure 15 
includes the Wellhead Protection Area for the Strasburg wellfield, as well as those lands where 
a component of recharge is predicted to enter AFD1 (aquifer which the Strasburg wellfield 
draws upon). 

Generally, there are minor, to negligible, changes between the baseline and Land Use Scenario 
#1. Differences are limited to slight modifications in land areas that are simulated to support 
the Cedar Creek Western Tributary or Cedar Creek U/S of Alps Road. This is to be expected as 
Land Use Scenario #1 is focussed on urbanization of the PISR lands, which are located at the 
lower end of the flow system. 

There are more significant changes, albeit still relatively minor, when comparing baseline to 
Land Use Scenario #2. The most significant change is how the land area that supports Roseville 
Swamp now extends further west (almost to Fisher Hallman Road) under Land Use Scenario #2. 
Additionally, the land area to the immediate northeast of the Fisher Hallman/New Dundee 
intersection is predicted to support a wider variety of discharge features, including: Blair Creek; 
Cedar Creek upstream of Alps Road. Under baseline conditions this area predominantly 
supported Cedar Creek Western Trib. 

Under both land use scenarios, the lands that support the Strasburg wellfield are not predicted 
to significantly shift. 
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6.1.5 Transport Modelling 

This section documents the groundwater mass transport modelling conducted in support of the 
Cedar Creek Subwatershed Study. From the updated groundwater flow model (as documented 
in the Appendix B), a subdomain model was constructed with enhanced mesh and layer 
resolution (See Appendix G for details) and verified to adequately simulate the steady state 
simulated flow field under Land Use Scenario #2. A mass transport simulation under steady 
state flow conditions was developed that simulated the migration of a conservative solute (e.g. 
chloride) from the area of enhanced recharged resulting from potential urban development to 
nearby receptors - namely Cedar Creek, Blair Creek, Roseville Swamp, and the Strasburg 
municipal wells K34 and K36. 

Steady state mass rate budgets were extracted from the model results file at both the source 
and the receptors. This produced simulated relative (i.e. m/msource) mass loading rates at each 
receptor under steady state conditions, which are presented in Table 20. 

Table 20  Simulated Relative Mass Loading 

Receptor Simulated Mass Discharge 
(% of source) 

Cedar Creek Western Tributary 49.0% 
Cedar Creek Eastern Tributary 5.6% 
Cedar Creek Upstream of Alps Rd. 29.6% 
Roseville Swamp 2.1% 
Blair Creek  
(not including Roseville Swamp) 

0.5% 

Strasburg Wells K34 and K36 <0.1% 

There was significant uncertainty identified with the actual mass loading rate at the source: 
there is uncertainty in salt loading rates, and uncertainty in the fraction of impervious area that 
is salted for each land use type. As such, the estimated ranges for these each of these uncertain 
values were applied over many trials to produce a probability distribution of salt loading coming 
from the site (See Appendix G for details on the ranges applied). This analysis suggested 200 to 
747 tonnes per year of chloride loading can be expected (assuming road salt is all Na-Cl), with 
the most likely value being somewhere between 325 and 525 tonnes per year (Figure D). 
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Figure D Potential Range of Chloride Loading 

The frequency distribution of mass loading rate was then translated into a frequency 
distribution of simulated groundwater discharge concentrations at each receptor by a) 
multiplying by the model simulated mass discharge % value (i.e. the fraction of mass from the 
source that discharges at the receptor), and b) dividing it by each receptor’s simulated baseflow 
value. Table 21 summarizes these results, while Figure E illustrates the frequency distributions 
for each receptor. 

Table 21  Simulated Range of Groundwater Discharge Chloride Concentrations 

Receptor Minimum 
Estimate (mg/L) 

Most Likely 
Range (mg/L) 

Maximum 
Estimate (mg/L) 

Cedar Creek Western Tributary 50 60-90 105 
Cedar Creek Eastern Tributary 5 5-10 10 
Cedar Creek Upstream of Alps Rd. 30 35-58 64 
Roseville Swamp 2 2-5 5 
Blair Creek  
(not including Roseville Swamp) 

<1 <1 <1 
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Figure E Frequency Distribution of Chloride Concentrations at Receptors 

In summary, the subdomain transport modelling effort found that road salt application at the 
SKPA area will generate elevated chloride concentrations in the western tributary of Cedar 
Creek and the reach of Cedar Creek from the Western Tributary to Alps Rd under steady state 
conditions. Further analysis investigating the temporal aspect of chloride application, snowmelt 
and spring runoff with transient mass transport modelling can further enhance our 
understanding of these potential impacts.  

6.1.6 Hydrogeology Summary 

The following points summarize the methodology and major findings from the impact 
assessment from a hydrogeological perspective. 

• The characterization assessment tools (FEFLOW and MIKE SHE) were used in combination to 
assess the impacts of the two conceptual land use scenarios. 

• In terms of the water budget, the most significant change was related to 
evapotranspiration. As lands are urbanized, and impervious cover increases, 
rainfall/snowmelt is unable to infiltrate into the upper soil layer. This reduces the amount of 
soil moisture that sustains evapotranspiration through dry periods. Rather than infiltrating 
this water runs off, becoming stormwater. 
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• For Land Use Scenario #2, due to the lack of a watercourse able to receive stormwater 
discharge from the SKPA, stormwater was simulated to be discharged into the overland 
flowpath south of New Dundee Road. This approach allowed for the stormwater to be 
infiltrated into the unsaturated zone, and subsequently become groundwater recharge.  
As a result, this land use scenario results in an overall increase in groundwater recharge 
when compared to the baseline condition. 

• Impacts to groundwater discharge were minor (-3 to -5%) for Land Use Scenario #1. Impacts 
were concentrated in reaches adjacent to the PISR lands. Land Use Scenario #2 had a mixed 
response, with Cedar Creek Western Tributary predicted to have an 8% increase in 
discharge, and Cedar Creek Eastern Tributary having a 4% decrease. 

• In terms of recharge function, and the discharge features supported by DSA recharge, Land 
Use Scenario #1 had only minor changes. Under Land Use Scenario #2, both Cedar Creek 
Western Tributary and Roseville Swamp had a greater proportion of their total groundwater 
discharge provided from within the DSA. As both discharge features are sensitive ecologic 
features, care should be taken to ensure chlorides and other containments are minimized 
when infiltrating stormwater. 

• For both land use scenarios, the lands whose recharge supports the Strasburg wellfield does 
not appreciably change when compared to baseline conditions. 

6.2 Hydrology and Hydraulics  

6.2.1 Hydrologic Impact Assessment 

Hydrologic analyses of the DSA have been completed for the two (2) land use scenarios, to 
determine the impacts of the potential future development on the study area hydrology, in the 
absence of stormwater management. The refined and validated GAWSER model, which was 
developed as part of the Scoped Subwatershed Study, has been used for this assessment. The 
model subcatchments have been revised to reflect the anticipated drainage patterns associated 
with each of the two land use scenarios; the subcatchment boundary plans are presented in 
Figures 47 and 48. The following summarizes the revisions to the initial Phase 1 validated model 
to represent the potential future land use scenarios: 

• The GAWSER hydrologic model has been refined within the limits of the Detailed Study Area 
based on the potential future land use plan (ref. Figures 47 and 48); 
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• The sizes, imperviousness, and hydrologic response unit (HRU) distributions of the future 
development subcatchments has been calculated using the GIS tools; 

• The subcatchment length and width have been established for each future development 
subcatchment per the methodology prescribed in the GAWSER User Manual (Schroeter & 
Associates 1996); 

• Soil parameters have been retained from the Phase 1 validated model; 

• Main Channel Reference Flow, Main Channel Rating Curve, Off Channel Reference Flow, and 
Off Channel Rating Curve have been retained from the Phase 1 validated model; 

• Routing curves and Base Time Factors for the future development subcatchments have been 
updated with the representative curves and FTB for urbanized areas; and, 

• Depression storage units have been removed for the urbanized future subcatchments. 

The refined GAWSER hydrologic models for the potential future conditions have been used to 
generate peak flows for the 2-to 100-year return period design storm events, as well as for the 
Regional (Hurricane Hazel) Storm event. Consistent with the approach applied the 
characterization component of the study, the 4-hour Chicago distribution has been applied for 
the 2- to 100-year design storm events. Peak flows have been extracted at key locations 
throughout the Cedar Creek Subwatershed. Simulated peak flows for the land use scenarios are 
presented in Tables 22 and 23 for Land Use Scenario #1 and #2, respectively. 
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Table 22 Simulated Peak Flows for Upper Cedar Creek Subwatershed – Potential Land Use Scenario #1 (m3/s) 

HYD Location Area (km2) 
Event (year) 

2 5 10 25 50 100 Regional Storm1 
101 NW Branch d/s New Dundee Road 3.35 0.31 0.77 1.15 1.61 1.97 2.43 8.91 

21032 NW Branch at Outlet of Subcatchment 1032 4.76 0.36 0.99 1.51 2.15 2.67 3.37 12.91 
2103 NW Branch at Outlet of Subcatchment 1033 6.96 0.42 1.22 1.86 2.67 3.36 4.28 16.69 
2105 NW Branch u/s Roseville Road 8.17 0.52 1.42 2.14 3.06 3.85 4.89 19.25 
2108 NW Branch at Roseville Road 9.56 1.30 2.18 3.06 4.22 5.28 6.59 25.10 

21103 Outlet of Subcatchment 1103 10.12 1.36 2.37 3.29 4.51 5.62 6.95 26.24 
2110 Outlet Northwest Branch 12.39 2.20 3.32 4.40 5.85 7.21 8.70 32.63 
2112 Outlet Northeast Branch 19.25 0.92 2.05 2.95 4.19 5.14 6.14 23.72 
2127 Northeast Branch at Roseville Road (2nd) 16.06 0.50 1.23 1.86 2.73 3.40 4.02 16.86 
2128 NE Branch at Roseville Road (1st; Hwy 401) 17.54 0.59 1.46 2.20 3.20 3.99 4.77 19.37 
2129 East Branch Cedar Creek u/s Highway 401 18.83 0.78 1.89 2.77 4.00 4.94 5.88 22.54 
2130 Cedar Ck d/s Conf. East & West 31.64 3.02 5.37 7.33 9.89 12.19 14.61 56.35 
2131 Cedar Ck d/s outlet of 130 32.69 3.01 5.57 7.57 10.18 12.50 14.98 56.91 
2135 Cedar Ck u/s Cedar Ck Road 35.51 3.56 6.35 8.55 11.45 13.99 16.75 64.30 
2138 Cedar Ck between Alps and Cedar 37.36 3.75 6.62 8.86 11.80 14.38 17.10 67.08 
2140 Cedar Ck at Alps Road 39.05 3.80 6.80 9.14 12.21 14.88 17.72 69.63 
2160 Cedar Ck at Greenfields Road 48.76 3.97 7.46 10.09 13.55 16.61 19.75 82.05 
1160 Cedar Ck at Reidsville Rd 48.05 3.92 7.39 10.00 13.44 16.48 19.62 80.81 
2175 Outlet of Southeast Branch 21.43 0.24 0.84 1.33 1.94 2.40 2.89 9.07 
2176 Cedar Ck d/s Southeast Branch 70.19 3.99 7.55 10.23 13.76 16.96 20.29 87.07 
2178 Cedar Ck u/s Southwest Branch 71.20 3.93 7.26 9.86 13.26 15.63 17.71 86.76 
2182 Outlet of Southwest Branch 2.76 0.22 0.77 1.19 1.72 2.13 2.59 9.55 
2183 Cedar Creek d/s of Southwest Branch 73.95 3.96 7.37 10.07 13.59 16.04 18.20 89.99 
2185 Cedar Creek at Ayr Gauge 74.51 3.96 7.38 10.08 13.61 16.06 18.21 90.35 
5185 Cedar Creek at Jedburgh Pond Outlet, Ayr 74.51 3.79 6.96 9.37 12.60 15.71 17.97 90.35 

2190 Cedar Creek at Nith R. 74.93 3.79 6.97 9.38 12.61 15.72 17.97 90.35 
5190 Cedar Creek outlet at Nith R. Outlet 74.93 3.78 6.86 9.28 12.51 15.44 17.64 90.35 

Notes: 1. with reductions factors 
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Table 23 Simulated Peak Flows for Upper Cedar Creek Subwatershed – Potential Land Use Scenario #2 (m3/s) 

HYD Location Area (km2) 
Event (year) 

2 5 10 25 50 100 Regional Storm1 

101 NW Branch d/s New Dundee Road 3.33 1.82 2.97 3.89 4.98 5.82 6.71 15.55 
21032 NW Branch at Outlet of Subcatchment 1032 4.83 2.00 3.50 4.64 6.20 7.30 8.45 20.77 
2103 NW Branch at Outlet of Subcatchment 1033 7.02 2.23 4.00 5.31 7.24 8.52 9.90 25.62 
2105 NW Branch u/s Roseville Road 8.23 2.33 4.22 5.62 7.69 9.07 10.59 28.30 
2108 NW Branch at Roseville Road 9.63 2.98 5.39 7.06 9.67 11.24 13.04 34.14 

21103 Outlet of Subcatchment 1103 10.19 3.07 5.47 7.18 9.81 11.42 13.35 34.95 
2110 Outlet Northwest Branch 12.45 3.72 6.38 8.30 11.23 13.11 15.42 41.29 
2112 Outlet Northeast Branch 19.25 0.92 2.05 2.95 4.19 5.14 6.14 23.72 
2127 Northeast Branch at Roseville Road (2nd) 16.06 0.50 1.23 1.86 2.73 3.40 4.02 16.86 
2128 NE Branch at Roseville Road (1st) (Hwy 401) 17.54 0.59 1.46 2.20 3.20 3.99 4.77 19.37 
2129 East Branch Cedar Creek u/s Highway 401 18.83 0.78 1.89 2.77 4.00 4.94 5.88 22.54 
2130 Cedar Ck d/s Conf. East & West 31.70 4.60 8.43 11.25 15.42 18.25 21.56 65.01 
2131 Cedar Ck d/s outlet of 130 32.76 4.71 8.54 11.35 15.65 18.50 21.88 64.96 
2135 Cedar Ck u/s Cedar Ck Road 35.58 5.17 9.31 12.36 17.10 20.22 24.02 72.98 
2138 Cedar Ck between Alps and Cedar 37.43 5.31 9.38 12.39 16.93 20.02 23.65 75.55 
2140 Cedar Ck at Alps Road 39.12 5.37 9.56 12.67 17.35 20.55 24.30 78.20 
2160 Cedar Ck at Greenfields Road 48.83 5.42 9.89 13.23 18.30 21.79 25.85 90.20 
1160 Cedar Ck at Reidsville Rd 48.11 5.38 9.83 13.14 18.17 21.64 25.69 88.96 
2175 Outlet of Southeast Branch 21.43 0.24 0.84 1.33 1.94 2.40 2.89 9.07 
2176 Cedar Ck d/s Southeast Branch 70.25 5.45 9.98 13.37 18.57 22.14 26.36 95.22 
2178 Cedar Ck u/s Southwest Branch 71.26 5.20 9.30 12.48 14.98 20.27 23.87 94.33 
2182 Outlet of Southwest Branch 2.76 0.22 0.77 1.19 1.72 2.13 2.59 9.55 
2183 Cedar Creek d/s of Southwest Branch 74.02 5.22 9.41 12.68 15.31 20.70 24.40 97.59 
2185 Cedar Creek at Ayr Gauge 74.58 5.22 9.42 12.69 15.32 20.72 24.43 97.95 
5185 Cedar Creek at Jedburgh Pond Outlet, Ayr 74.58 4.87 8.49 11.34 14.54 20.18 23.87 97.95 
2190 Cedar Creek at Nith R. 75.00 4.87 8.49 11.34 14.54 20.18 23.87 97.95 
5190 Cedar Creek outlet at Nith R. Outlet 75.00 4.86 8.33 11.09 14.27 19.90 23.67 97.95 

Notes: 1. with reductions factors
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The results in Tables 22 and 23 have been compared with the peak flows for baseline conditions 
to determine the absolute and relative difference in peak flow under future uncontrolled land 
use conditions. The results are presented in Tables 24 through 27. 
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Table 24 Differences in Simulated Return Period Peak Flows for Uncontrolled Land Use Scenario #1 Compared to Baseline 
Conditions (m3/s) 

HYD Location 
Event (year) 

2 5 10 25 50 100 Regional Storm1 
101 NW Branch d/s New Dundee Road 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

21032 NW Branch at Outlet of Subcatchment 1032 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2103 NW Branch at Outlet of Subcatchment 1033 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2105 NW Branch u/s Roseville Road 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2108 NW Branch at Roseville Road 0.46 0.26 0.30 0.39 0.49 0.57 1.43 

21103 Outlet of Subcatchment 1103 0.41 0.27 0.32 0.42 0.51 0.58 1.28 
2110 Outlet Northwest Branch 0.45 0.40 0.45 0.56 0.64 0.69 1.62 
2112 Outlet Northeast Branch 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2127 Northeast Branch at Roseville Road (2nd) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2128 NE Branch at Roseville Road (1st) (Hwy 401) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2129 East Branch Cedar Creek u/s Highway 401 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2130 Cedar Ck d/s Conf. East & West 0.47 0.43 0.53 0.72 0.77 0.79 1.62 
2131 Cedar Ck d/s outlet of 130 0.40 0.45 0.55 0.74 0.78 0.80 1.30 
2135 Cedar Ck u/s Cedar Ck Road 0.72 0.82 0.97 1.24 1.34 1.44 3.42 
2138 Cedar Ck between Alps and Cedar 0.69 0.82 0.98 1.24 1.33 1.44 3.18 
2140 Cedar Ck at Alps Road 0.69 0.83 0.99 1.26 1.35 1.45 3.22 
2160 Cedar Ck at Greenfields Road 0.60 0.86 1.01 1.27 1.50 1.48 4.31 
1160 Cedar Ck at Reidsville Rd 0.59 0.85 1.00 1.26 1.49 1.47 4.31 
2175 Outlet of Southeast Branch 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2176 Cedar Ck d/s Southeast Branch 0.60 0.87 1.03 1.28 1.45 1.46 4.28 
2178 Cedar Ck u/s Southwest Branch 0.54 0.78 0.92 1.13 0.71 1.33 4.59 
2182 Outlet of Southwest Branch 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2183 Cedar Creek d/s of Southwest Branch 0.53 0.78 0.93 1.16 0.73 1.36 4.94 
2185 Cedar Creek at Ayr Gauge 0.53 0.78 0.93 1.17 0.73 1.36 5.06 
5185 Cedar Creek at Jedburgh Pond Outlet, Ayr 0.45 0.64 0.77 0.96 0.83 1.37 5.06 

2190 Cedar Creek at Nith R. 0.45 0.64 0.77 0.96 0.83 1.37 5.06 
5190 Cedar Creek outlet at Nith R. Outlet 0.44 0.62 0.75 0.99 0.77 1.32 5.06 

Notes: 1. with reductions factors 
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Table 25 Percent Differences in Simulated Return Period Peak Flows for Uncontrolled Land Use Scenario #1 Compared to 
Baseline Conditions (%) 

HYD Location 
Event (year) 

2 5 10 25 50 100 Regional Storm1 
101 NW Branch d/s New Dundee Road 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

21032 NW Branch at Outlet of Subcatchment 1032 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2103 NW Branch at Outlet of Subcatchment 1033 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2105 NW Branch u/s Roseville Road 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2108 NW Branch at Roseville Road 55.0 13.3 10.8 10.2 10.3 9.4 6.1 

21103 Outlet of Subcatchment 1103 43.3 13.1 10.7 10.2 10.0 9.1 5.1 
2110 Outlet Northwest Branch 26.0 13.7 11.4 10.6 9.7 8.5 5.2 
2112 Outlet Northeast Branch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2127 Northeast Branch at Roseville Road (2nd) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2128 NE Branch at Roseville Road (1st) (Hwy 401) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2129 East Branch Cedar Creek u/s Highway 401 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2130 Cedar Ck d/s Conf. East & West 18.3 8.8 7.9 7.9 6.8 5.7 3.0 
2131 Cedar Ck d/s outlet of 130 15.2 8.8 7.9 7.9 6.6 5.7 2.3 
2135 Cedar Ck u/s Cedar Ck Road 25.2 14.7 12.8 12.2 10.6 9.4 5.6 
2138 Cedar Ck between Alps and Cedar 22.5 14.2 12.4 11.8 10.2 9.2 5.0 
2140 Cedar Ck at Alps Road 22.1 14.0 12.2 11.5 10.0 8.9 4.9 
2160 Cedar Ck at Greenfields Road 17.7 13.0 11.1 10.3 9.9 8.1 5.5 
1160 Cedar Ck at Reidsville Rd 17.8 13.0 11.1 10.3 9.9 8.1 5.6 
2175 Outlet of Southeast Branch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2176 Cedar Ck d/s Southeast Branch 17.7 13.1 11.2 10.2 9.4 7.8 5.2 
2178 Cedar Ck u/s Southwest Branch 15.8 12.0 10.3 9.4 4.8 8.1 5.6 
2182 Outlet of Southwest Branch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2183 Cedar Creek d/s of Southwest Branch 15.3 11.8 10.2 9.4 4.8 8.0 5.8 
2185 Cedar Creek at Ayr Gauge 15.3 11.8 10.2 9.4 4.8 8.1 5.9 
5185 Cedar Creek at Jedburgh Pond Outlet, Ayr 13.4 10.1 8.9 8.3 5.6 8.2 5.9 

2190 Cedar Creek at Nith R. 13.4 10.1 8.9 8.3 5.6 8.2 5.9 
5190 Cedar Creek outlet at Nith R. Outlet 13.3 10.0 8.8 8.6 5.2 8.1 5.9 

Notes: 1. with reductions factors 
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Table 26 Differences in Simulated Return Period Peak Flows for Uncontrolled Land Use Scenario #2 Compared to Baseline 
Conditions (m3/s) 

HYD Location 
Event (year) 

2 5 10 25 50 100 Regional Storm1 
101 NW Branch d/s New Dundee Road 1.51 2.20 2.74 3.37 3.85 4.28 6.64 

21032 NW Branch at Outlet of Subcatchment 1032 1.64 2.50 3.13 4.06 4.63 5.09 7.86 
2103 NW Branch at Outlet of Subcatchment 1033 1.81 2.78 3.44 4.57 5.15 5.62 8.94 
2105 NW Branch u/s Roseville Road 1.82 2.80 3.48 4.63 5.22 5.70 9.04 
2108 NW Branch at Roseville Road 2.15 3.46 4.30 5.84 6.45 7.01 10.48 

21103 Outlet of Subcatchment 1103 2.12 3.38 4.20 5.71 6.31 6.98 9.99 
2110 Outlet Northwest Branch 1.98 3.46 4.35 5.94 6.53 7.40 10.28 
2112 Outlet Northeast Branch 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2127 Northeast Branch at Roseville Road (2nd) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2128 NE Branch at Roseville Road (1st) (Hwy 401) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2129 East Branch Cedar Creek u/s Highway 401 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2130 Cedar Ck d/s Conf. East & West 2.04 3.49 4.46 6.26 6.83 7.75 10.28 
2131 Cedar Ck d/s outlet of 130 2.10 3.41 4.34 6.21 6.78 7.70 9.34 
2135 Cedar Ck u/s Cedar Ck Road 2.33 3.78 4.78 6.90 7.57 8.70 12.10 
2138 Cedar Ck between Alps and Cedar 2.25 3.58 4.51 6.37 6.98 7.98 11.65 
2140 Cedar Ck at Alps Road 2.25 3.59 4.52 6.40 7.01 8.03 11.79 
2160 Cedar Ck at Greenfields Road 2.05 3.30 4.15 6.02 6.68 7.57 12.46 
1160 Cedar Ck at Reidsville Rd 2.05 3.29 4.14 6.00 6.65 7.54 12.46 
2175 Outlet of Southeast Branch 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2176 Cedar Ck d/s Southeast Branch 2.05 3.31 4.17 6.08 6.63 7.53 12.42 
2178 Cedar Ck u/s Southwest Branch 1.80 2.82 3.54 2.85 5.36 7.49 12.17 
2182 Outlet of Southwest Branch 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2183 Cedar Creek d/s of Southwest Branch 1.79 2.81 3.54 2.88 5.39 7.56 12.54 
2185 Cedar Creek at Ayr Gauge 1.79 2.82 3.54 2.88 5.40 7.57 12.65 
5185 Cedar Creek at Jedburgh Pond Outlet, Ayr 1.53 2.17 2.74 2.90 5.30 7.27 12.65 

2190 Cedar Creek at Nith R. 1.53 2.17 2.74 2.90 5.30 7.27 12.65 
5190 Cedar Creek outlet at Nith R. Outlet 1.52 2.09 2.56 2.76 5.22 7.35 12.65 

Notes: 1. with reductions factors 
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Table 27 Percent Differences in Simulated Return Period Peak Flows for Uncontrolled Land Use Scenario #2 Compared to 
Baseline Conditions (%) 

HYD Location 
Event (year) 

2 5 10 25 50 100 Regional Storm1 
101 NW Branch d/s New Dundee Road 491.4 287.0 239.3 210.0 196.0 176.4 74.5 

21032 NW Branch at Outlet of Subcatchment 1032 457.5 252.0 207.1 189.1 173.4 151.0 60.9 
2103 NW Branch at Outlet of Subcatchment 1033 426.1 227.7 185.0 171.4 153.2 131.5 53.6 
2105 NW Branch u/s Roseville Road 350.3 197.7 162.5 151.6 135.4 116.5 47.0 
2108 NW Branch at Roseville Road 256.4 180.0 155.5 152.7 134.9 116.2 44.3 

21103 Outlet of Subcatchment 1103 223.3 161.5 141.4 139.4 123.6 109.6 40.0 
2110 Outlet Northwest Branch 113.4 118.6 110.0 112.4 99.3 92.3 33.2 
2112 Outlet Northeast Branch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2127 Northeast Branch at Roseville Road (2nd) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2128 NE Branch at Roseville Road (1st) (Hwy 401) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2129 East Branch Cedar Creek u/s Highway 401 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2130 Cedar Ck d/s Conf. East & West 79.9 70.8 65.6 68.2 59.8 56.1 18.8 
2131 Cedar Ck d/s outlet of 130 80.4 66.7 61.9 65.8 57.9 54.3 16.8 
2135 Cedar Ck u/s Cedar Ck Road 82.0 68.2 63.1 67.6 59.8 56.8 19.9 
2138 Cedar Ck between Alps and Cedar 73.6 61.8 57.2 60.3 53.5 51.0 18.2 
2140 Cedar Ck at Alps Road 72.3 60.2 55.5 58.5 51.8 49.4 17.8 
2160 Cedar Ck at Greenfields Road 60.8 49.9 45.7 49.0 44.2 41.5 16.0 
1160 Cedar Ck at Reidsville Rd 61.5 50.3 46.0 49.3 44.3 41.5 16.3 
2175 Outlet of Southeast Branch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2176 Cedar Ck d/s Southeast Branch 60.5 49.6 45.3 48.7 42.8 40.0 15.0 
2178 Cedar Ck u/s Southwest Branch 53.1 43.5 39.6 23.5 35.9 45.7 14.8 
2182 Outlet of Southwest Branch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2183 Cedar Creek d/s of Southwest Branch 52.0 42.7 38.7 23.1 35.2 44.9 14.7 
2185 Cedar Creek at Ayr Gauge 52.0 42.6 38.7 23.2 35.2 44.9 14.8 
5185 Cedar Creek at Jedburgh Pond Outlet, Ayr 45.8 34.3 31.8 24.9 35.6 43.8 14.8 

2190 Cedar Creek at Nith R. 45.8 34.3 31.8 24.9 35.6 43.8 14.8 
5190 Cedar Creek outlet at Nith R. Outlet 45.6 33.6 30.0 23.9 35.6 45.0 14.8 

Notes: 1. with reductions factors 
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The results in Tables 24 and 25 indicate that, in the absence of stormwater management for the 
Land Use Scenario #1 conditions, the peak flows along the Upper Cedar Creek downstream of 
Roseville Road (within the DSA) would increase for all design storms and for the Regional Storm 
event. The increases would range from 0.4 to 1.6 m3/s (i.e., between 5.1 and 55%) along the 
Northwest Branch between Roseville Road and Highway 401, with the largest increases 
occurring during the more frequent events and proximate to the potential future development. 
The peak flow increases within the Detailed Study Area would range from 0.4 to 4.3 m3/s (i.e., 
between 2.3 and 25.2%). Further downstream of the Cedar Creek main branch, toward the 
outlet at Nith River, the peak flows would increase by 0.6 to 5.06 m3/s (i.e., between 5.2 and 
17.8%) compared with the baseline conditions. It is noted that although significant percentage 
changes are shown for the less frequent events, the magnitude of change to peak flow is 
considered marginal during these events (i.e., generally less than 0.5 m3/s). 

The results in Tables 26 and 27 indicate that, in the absence of stormwater management for the 
Land Use Scenario #2, the peak flows within the DSA and downstream of the Upper Cedar 
Creek would increase significantly for all design storms and for the Regional Storm event. The 
increases would range from 1.51 to 10.48 m3/s (i.e., between 33.2 and 491%) for the Northwest 
Branch upstream of Highway 401, due to the development north of New Dundee Road, with 
the largest relative increase occurring during the more frequent storm events. The peak flows 
along the main branch within the Detailed Study Area would be anticipated to increase by 
between 2.04 and 12.46 m3/s (i.e., between 16 and 80.4%). Further downstream along the 
main branch, the increases would range from 1.52 to 12.46 m3/s (i.e., between 14.7 and 
60.5%). Consistent with Land Use Scenario #1, greater absolute changes would occur during the 
less frequent design storms and for the Regional Storm event.  

Erosion analyses have been completed to determine the erosion potential of PSA watercourses 
under baseline and Land Use Scenario #1 and #2, and the corresponding change in erosion 
potential as a result of the two potential land use conditions. 

The GAWSER hydrologic models for existing and potential future uncontrolled land use 
conditions have been executed for a 68-year continuous simulation using the precipitation and 
temperature data from the Roseville Gauge for the period from 1950 to 2017. The duration of 
peak flow above the critical erosion flow, as well as the volume of runoff above the critical 
erosive flow rate, have been determined at key locations based on the recommended erosion 
thresholds. The results of this assessment are presented in Tables 28 through 30.  
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Table 28 Duration Analysis for Erosion Assessment of Uncontrolled Potential Future 
Land Use (Hours) 

HYD Location Reach 
Total Hours Exceeded 

Baseline 
Conditions 

Land Use 
Scenario #1 

Land Use 
Scenario #2 

2110 Outlet Northwest Branch CC-05 13016 18636 40900 
2135 Cedar Ck u/s Cedar Ck 

Road 
CC-04 97736 113206 129082 

2138 Cedar Ck between Alps 
and Cedar 

CC-03 86758 103554 120316 

2140 Cedar Ck at Alps Road CC-02 96484 112904 129630 
2160 Cedar Ck at Greenfields 

Road 
CC-01 172040 184674 198030 

1160 Cedar Ck at Reidsville Rd CC-01 159674 172592 186890 

 

Table 29 Duration Analysis for Erosion Assessment of Uncontrolled Potential Future 
Land Use (Percent of Total Time Exceeded) 

HYD Location Reach 

Percentage of Total Time 
Exceeded 

Differences Vs. 
Existing 

Baseline 
Conditions 

Land Use 
Scenario 

#1 

Land Use 
Scenario 

#2 

Land Use 
Scenario 

#1 

Land Use 
Scenario 

#2 
2110 Outlet 

Northwest 
Branch 

CC-05 2% 3% 7% 1% 5% 

2135 Cedar Ck u/s 
Cedar Ck 

Road 
CC-04 16% 19% 22% 3% 6% 

2138 Cedar Ck 
between 
Alps and 

Cedar 

CC-03 15% 17% 20% 2% 5% 

2140 Cedar Ck at 
Alps Road CC-02 16% 19% 22% 3% 6% 

2160 Cedar Ck at 
Greenfields 

Road 
CC-01 29% 31% 33% 2% 4% 

1160 Cedar Ck at 
Reidsville Rd CC-01 27% 29% 31% 2% 4% 
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Table 30 Volume above Critical Threshold for Erosion Assessment of Uncontrolled 
Potential Future Land Use 

HYD Location Reach 

Erosion Volume (106 m3) Percent Differences 
Vs. Baseline 

Baseline 
Conditions 

Land Use 
Scenario 

#1 

Land Use 
Scenario 

#2 

Land Use 
Scenario 

#1 

Land Use 
Scenario 

#2 

2110 
Outlet 

Northwest 
Branch 

CC-05 21.42 28.97 70.66 35% 230% 

2135 
Cedar Ck u/s 

Cedar Ck 
Road 

CC-04 124.19 165.73 226.89 33% 83% 

2138 
Cedar Ck 

between Alps 
and Cedar 

CC-03 103.16 136.57 186.37 32% 81% 

2140 Cedar Ck at 
Alps Road CC-02 112.20 146.24 196.56 30% 75% 

2160 
Cedar Ck at 
Greenfields 

Road 
CC-01 211.59 249.94 302.68 18% 43% 

1160 Cedar Ck at 
Reidsville Rd CC-01 194.57 232.08 284.36 19% 46% 

 

The results in Tables 28 through 30 indicate that, in the absence of stormwater management, 
the duration of erosive flows as well as erosion volumes for PSA watercourses would be 
anticipated to increase as a result of both land use scenarios. The increases for the Land Use 
Scenario #2 would be anticipated to be higher than those for Land Use Scenario #1 due to the 
additional development north of the New Dundee Road. 

The duration analysis results in Tables 28 and 29 also indicate that under both land use 
scenarios, the duration of erosive flows along the main branch would not be significantly 
altered. However, the results in Table 30 indicate that the total volume of runoff above the 
critical erosion threshold would increase significantly as a result of the land use scenarios. 

6.3 Hydraulic Impact Assessment 
Hydraulic analyses have been completed for the regulated watercourses, to assess the 
hydraulic impacts associated with the potential future development per Land Use Scenarios #1 
and #2, in the absence of stormwater management. The HEC-GeoRAS hydraulic model, which 
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was developed as part of the characterization component of this study, has been revised to 
incorporate the simulated peak 100-year and Regional Storm event peak flows for the land use 
scenarios. The simulated 100-year and Regional Storm event water surface elevations, as well 
as the difference compared to existing conditions, are presented in Tables 31 and 32, 
respectively.  

Table 31 Water Surface Elevation Comparison under Different Scenarios for the 
Uncontrolled 100-Year Storm Event 

WOOD 
HEC-RAS 

Cross 
Section ID  

Water Surface Elevation (m) Difference(m) 
Land Use 

Scenario #1 

Difference(m) 
Land Use 

Scenario #2 

Baseline 
Conditions 

Land Use 
Scenario #1 

Land Use 
Scenario #2 

5878.510 332.12 332.12 333.13 0  1.01 
5852.310 330.8 330.80 331.23 0 0.43 
5269.895 326.37 326.37 326.5 0 0.13 
4401.868 322.02 322.02 322.21 0 0.19 
3479.882 314.36 314.36 314.53 0 0.17 
2751.261 311.03 311.03 311.58 0 0.55 
2525.070 310.65 310.71 311.57 0.06 0.92 
2503.733 310.5 310.59 311.42 0.09 0.92 
2473.02 310.4 310.48 311.39 0.08 0.99 

2453.065 309.77 309.79 310.12 0.02 0.35 
1924.056 307.73 307.75 308.01 0.02 0.28 
1511.371 305.85 305.86 305.99 0.01 0.14 
1503.728 305.73 305.77 305.9 0.04 0.17 
519.2704 300.2 300.23 300.43 0.03 0.23 
259.0735 299.45 299.49 299.81 0.04 0.36 
2027.747 304.04 304.04 304.04 0 0 
1479.265 303.48 303.48 303.48 0 0 
1132.633 302.15 302.15 302.15 0 0 
829.2483 301.33 301.33 301.33 0 0 
749.2957 300.82 300.82 300.82 0 0 
519.7091 300.29 300.30 300.31 0.01 0.02 
211.2735 299.35 299.39 299.72 0.04 0.37 
8420.146 298.84 298.87 299.24 0.03 0.4 
8354.073 298.72 298.73 298.79 0.01 0.07 
7828.055 298.64 298.64 298.64 0 0 
7618.832 298.64 298.64 298.64 0 0 
7600.132 298.42 298.42 298.45 0 0.03 
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WOOD 
HEC-RAS 

Cross 
Section ID  

Water Surface Elevation (m) Difference(m) 
Land Use 

Scenario #1 

Difference(m) 
Land Use 

Scenario #2 

Baseline 
Conditions 

Land Use 
Scenario #1 

Land Use 
Scenario #2 

7343.429 298.41 298.41 298.43 0 0.02 
7288.127 297.25 297.32 297.65 0.07  0.4 
6548.474 295.78 295.80 295.89 0.02 0.11 
5827.650 294.97 294.99 295.08 0.02 0.11 
5148.217 294.64 294.67 294.8 0.03 0.16 
5133.277 294.15 294.19 294.36 0.04 0.21 
4458.608 292.95 292.98 293.08 0.03 0.13 
4026.427 292.23 292.26 292.35 0.03 0.12 
3158.938 291.07 291.11 291.22 0.04 0.15 
3139.559 290.77 290.90 291.15 0.13 0.38 
2992.719 290.77 290.87 291.14 0.10 0.37 
2976.179 289.79 289.85 290.04 0.06 0.25 
2631.112 289.73 289.77 289.91 0.04 0.18 
1686.660 288.54 288.57 288.71 0.03 0.17 
577.7708 287.15 287.15 287.18 0 0.03 
554.0256 283.82 283.84 283.95 0.02 0.13 
71.87657 282.99 283.11 283.38 0.12 0.39 

 

Table 32 Water Surface Elevation Comparison under Different Scenarios for the 
Uncontrolled Regional Storm Event 

WOOD 
HEC-RAS 

Cross 
Section ID  

Water Surface Elevation (m) Difference(m)/ 
(% Difference) 

Land Use 
Scenario #1 

Difference(m)/ 
(% Difference) 

Land Use 
Scenario #2 

Baseline 
Conditions 

Land Use 
Scenario #1 

Land Use 
Scenario #2 

5878.510 333.17 333.17 333.3 0 0.13 
5852.310 331.41 331.41 331.89 0 0.48 
5269.895 326.58 326.58 326.67 0 0.09 
4401.868 322.29 322.29 322.4 0 0.11 
3479.882 314.66 314.66 314.78 0 0.12 
2751.261 311.76 311.78 312.05 0.02 0.29 
2525.070 311.75 311.77 312.04 0.02 0.29 
2503.733 311.73 311.76 312.04 0.03 0.31 
2473.02 311.68 311.72 312 0.04 0.32 

2453.065 310.63 310.68 311.05 0.05 0.42 
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WOOD 
HEC-RAS 

Cross 
Section ID  

Water Surface Elevation (m) Difference(m)/ 
(% Difference) 

Land Use 
Scenario #1 

Difference(m)/ 
(% Difference) 

Land Use 
Scenario #2 

Baseline 
Conditions 

Land Use 
Scenario #1 

Land Use 
Scenario #2 

1924.056 308.17 308.19 308.31 0.02 0.14 
1511.371 306.1 306.11 306.15 0.01 0.05 
1503.728 306.05 306.06 306.14 0.01 0.09 
519.2704 300.79 300.82 301.02 0.03 0.23 
259.0735 300.5 300.53 300.82 0.03 0.32 
2027.747 304.83 304.83 304.83 0 0 
1479.265 304.13 304.13 304.13 0 0 
1132.633 302.79 302.79 302.79 0 0 
829.2483 302.69 302.69 302.69 0 0 
749.2957 301.51 301.51 301.51 0 0 
519.7091 300.63 300.63 300.82 0 0.19 
211.2735 300.46 300.50 300.78 0.04 0.32 
8420.146 300.28 300.35 300.74 0.07 0.46 
8354.073 299.39 299.44 299.65 0.05 0.26 
7828.055 298.66 298.67 298.67 0.01 0.01 
7618.832 298.64 298.64 298.64 0 0 
7600.132 298.54 298.56 298.59 0.02 0.05 
7343.429 298.38 298.37 298.34 -0.01 -0.04 
7288.127 298.43 298.43 298.43 0 0 
6548.474 296.28 296.31 296.37 0.03 0.09 
5827.650 295.46 295.48 295.53 0.02 0.07 
5148.217 294.93 294.94 294.96 0.01 0.03 
5133.277 294.61 294.62 294.64 0.01 0.03 
4458.608 293.54 293.57 293.63 0.03 0.09 
4026.427 292.88 292.92 292.99 0.04 0.11 
3158.938 291.66 291.68 291.72 0.02 0.06 
3139.559 291.62 291.64 291.68 0.02 0.06 
2992.719 291.59 291.61 291.64 0.02 0.05 
2976.179 291 291.00 291 0 0 
2631.112 290.72 290.76 290.83 0.04 0.11 
1686.660 289.51 289.54 289.6 0.03 0.09 
577.7708 287.47 287.49 287.52 0.02 0.05 
554.0256 284.75 284.79 284.85 0.04 0.1 
71.87657 284.2 284.26 284.35 0.06 0.15 

Note: coloured cells represent sections upstream and downstream of  hydraulic structures.  
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The results in Tables 31 and 32 indicate that the water surface elevations along Cedar Creek 
would be anticipated to increase during the 100-year and Regional Storm events, under both 
land use scenarios in the absence of stormwater management. The results indicate that the 
greatest differences compared to existing conditions would be anticipated during the 100-year 
storm event, although the water surface elevations during the Regional Storm event would be 
higher than the 100-year water surface elevations. 

The results further indicate that the potential future development per Land Use Scenario #2, in 
the absence of stormwater management, would result in higher 100-year and Regional Storm 
event water surface elevations than Land Use Scenario #1. This is considered directly 
attributable to the greater extent of development anticipated under Scenario #2 compared to 
Scenario #1 and the associated higher peak flows. 

The results of the HEC-RAS hydraulic modelling have been reviewed to assess the freeboard 
capacity and overtopping potential at the hydraulic structures throughout the PSA under Land 
Use Scenario #1 and #2 in the absence of stormwater management. The results are presented 
in Tables 33 and 34. 

Table 33 Hydraulic Structure Freeboard and Overtopping Assessment under Land Use 
Scenario #1 

Culvert 
ID Culvert Location Type Freeboard 

Event 
Overtopping 

Event 

Depth of 
Overtopping 
for Regional 
Storm (m) 

1 Greenfield Road / 
Township Road 3W 

Twin 
C.M.P. - P.H.E  

2 Year Regional 
Storm 

0.61 

2 Reidsville Road / 
Township Road 8 

Twin 
C.M.P. - P.H.E  

<2 Year 25 Year 0.83 

3 Alps Road / 
Township Road 2W 

Twin 
C.M.P. - P.H.E  

<2 Year 100 Year 0.35 

4 Cedar Creek Road C.M.P. Regional - - 

5 Railway Crossing 
north of Cedar Creek 

Road 

Concrete Box <2 Year 5 Year 0.60 

6 Highway 401 Concrete Box 100 Year Regional 
Storm 

0.47 

7 Private Driveway 
south of Roseville 

Road 

Concrete Box 2 year 10 Year 0.60 
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Culvert 
ID Culvert Location Type Freeboard 

Event 
Overtopping 

Event 

Depth of 
Overtopping 
for Regional 
Storm (m) 

8 Industrial Road C.M.P. - P.H.E. 25 Year Regional 
Storm 

0.45 

9 Roseville Road C.M.P. - P.H.E. 5 Year Regional 
Storm 

0.38 

10 New Dundee Road C.M.P. - P.H.E. 25 Year Regional 
Storm 

0.16 

11 Highway 401 North 
of Rife Road 

Concrete Box 25 Year Regional 
Storm 

0.71 

 

Table 34 Hydraulic Structure Freeboard and Overtopping Assessment under Land Use 
Scenario #2 

Culver
t ID Culvert Location Type Freeboard 

Event 
Overtopping 

Event 

Depth of 
Overtopping for 
Regional Storm 

(m) 
1 Greenfield Road / 

Township Road 3W 
Twin 

C.M.P. - P.H.E  
2 Year Regional 

Storm 
0.64 

2 Reidsville Road / 
Township Road 8 

Twin 
C.M.P. - P.H.E  

<2 Year 10 Year 0.87 

3 Alps Road / 
Township Road 2W 

Twin 
C.M.P. - P.H.E  

<2 Year 100 Year 0.37 

4 Cedar Creek Road C.M.P. Regional - - 
5 Railway Crossing 

north of Cedar 
Creek Road 

Concrete Box <2 Year 5 Year 0.60 

6 Highway 401 Concrete Box 25 Year Regional 
Storm 

0.86 

7 Private Driveway 
south of Roseville 

Road 

Concrete Box <2 Year <2 year 0.64 

8 Industrial Road C.M.P. - P.H.E. 2 Year 100 Year 0.73 
9 Roseville Road C.M.P. - P.H.E. <2 Year 50 Year 0.64 

10 New Dundee Road C.M.P. - P.H.E. <2 Year 25 Year 0.29 
11 Highway 401 North 

of Rife Road 
Concrete Box 25 Year Regional 

Storm 
0.71 
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The results in Tables 33 and 34 indicate that the freeboard event for the hydraulic structures 
ranges from between the 2-year event to the Regional Storm event under the land use 
scenarios in the absence of stormwater management. The design event for the hydraulic 
structures ranges from the 25-year event to the 100-year event, depending upon the span and 
road classification for the structure, hence the above results indicate an overall loss of 
functionality and reduced capacity of the hydraulic structures under potential future 
uncontrolled land use conditions. The results also indicate that the capacity of the hydraulic 
structures under Land Use Scenario #2 would be lower than that for Land Use Scenario #1. This 
is considered attributable to the increased peak flows under Scenario #2, in the absence of 
stormwater management. 

6.4 Outlet Assessment 
The existing drainage outlets proximate to the SKPA currently has no defined drainage features. 
Under baseline conditions most of the precipitation infiltrates into the groundwater system, 
with little direct surface runoff occurring during storm events. As such, in the absence of 
stormwater management, the potential development of the SKPA lands would be anticipated 
to increase the rate and frequency of surface runoff to the drainage outlets, and thereby 
increase the volume of runoff to these areas compared to existing conditions. 

The increased rate and frequency of off-site discharge to downslope lands that have no defined 
drainage feature would increase both the erosion potential and flooding along the overland 
flow path that the discharged water would travel. Although it is recognized that infiltration of 
the increased runoff may occur further downstream of the outlet, offsite flooding and erosion 
impacts would be anticipated to occur across multiple land parcels within North Dumfries 
Township. 

6.5 Fluvial Geomorphology 
The impact assessment for streams has applied a qualitative assessment of anticipated impacts, 
based upon the results of the foregoing assessments, as well as the findings from the 
headwater drainage features classification (Section 3.4). 

As described in Section 3.4, the majority of identified headwater drainage features provide 
conveyance function only. These headwater drainage features are typically found in agricultural 
fields that are actively cultivated and lack defined bed and banks. While these features have 
been classified as “No Management” as per the Headwater Drainage Protocol, additional 
management considerations may apply (e.g., wetlands, floodplains). Management of all 
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reaches, including those recommended for ʺno managementʺ under the HDF protocol, must 
follow GRCA’s Consolidated Policies for the Administration of Ontario Regulation 150-06. 

There were three headwater drainage features that were identified as conservation, protection, 
or recharge function. None of these features are located within areas that the land use 
scenarios identified as potentially urbanizing. As such, there is not expected to be direct 
impacts from the land use scenarios to the identified features. One HDF is found within the 
Cedar Creek regulatory floodplain, while the two other HDF’s will be within the area identified 
as requiring the protection of hydrologic function (i.e. conveyance), and subject to GRCA 
regulation and policies. 

As described in Section 5.2, the unmitigated release of stormwater discharge to Cedar Creek 
would significantly increase the duration of erosive flows, as well as erosion volumes within the 
watercourse and its tributaries. Due to the additional urbanized land area, the impact of Land 
Use Scenario #2 is significantly higher than Land Use Scenario #1.  

It is noted that due to a lack of watercourses adjacent to the potentially urbanized lands, it is 
unlikely that Cedar Creek and its tributaries directly receive the amount of flow predicted by 
the GAWSER model. Rather, water would infiltrate along the overland flow route, greatly 
reducing the volume of flow, before entering Cedar Creek. As such, the erosion potential of 
unmitigated stormwater discharges on Cedar Creek is likely over-estimated. However, given the 
nature of the upper reaches of Cedar Creek and the limited overland flow they currently 
receive, it can be concluded that these watercourses should only receive occasional 
stormwater/overland flow inputs in order to maintain existing geomorphic form and function. 

6.6 Surface Water Quality  
Urbanization of agricultural lands is recognized to generally increase the concentration and 
mass loadings of certain contaminants and heavy metals to the receiving watercourses. It is also 
recognized that urbanization results in thermal enrichment (i.e. increased water temperature) 
of storm runoff from paved surfaces and rooftops, as well as from wet stormwater 
management facilities which are exposed to sunlight (i.e. wet ponds, wetlands, hybrid facilities). 
As noted in Section 3.5, the surface water quality within Cedar Creek is generally of higher 
quality, with lower concentrations of nutrients, TSS, and microorganisms compared to 
literature values for the same land use conditions. 

It is anticipated that unmitigated urban development associated with the potential land use 
scenarios would result in an increase in the concentrations and mass loadings of various 
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contaminants to Cedar Creek. This increase has the potential to impair the surface water quality 
and quality of aquatic habitat within the receiving watercourses. Specifically, unmitigated 
stormwater discharges could exacerbate phosphorous and nitrogen concentrations in Cedar 
Creek, and unmitigated stormwater from the PISR lands may increase metal concentrations. 
Due to the distance between the SKPA lands and the upper reaches of Cedar Creek, it is likely 
that thermal impacts from stormwater on DSA watercourses will be minimal. However, thermal 
impacts from stormwater discharge associated with the PISR lands may be an issue. Chlorides 
are expected to be particularly of concern as they cannot be removed using conventional 
stormwater treatment technologies. 

6.7 Terrestrial and Aquatic Ecology 
A portion of the DSA has been identified for development within the conceptual land use plan. 
Potential development is comprised of residential communities including retail commercial 
areas, open space, and schools, focussed in the area north of New Dundee Road and primarily 
east of Fischer-Hallman Road, as well as employment lands located north of Cedar Creek Road, 
both east and west of the Highway 401 corridor.  

Four types of impacts are assessed, including direct, indirect, induced, and cumulative impacts. 

Direct impacts are those that occur to natural features immediately within the proposed 
development footprint as a result of land-clearing, grading, and construction. Direct impacts 
may include vegetation removal, wildlife mortality, reduction in wildlife linkages, fish barriers, 
stream realignment, erosion and sedimentation of watercourses, as well as habitat 
fragmentation and removal. 

Indirect impacts are associated with site conditions which have been altered due to 
development, such as lighting, noise, changes in groundwater discharge and water balance to 
wetlands, increased water temperature, degradation of water quality, and salt runoff. Indirect 
impacts can also take some period of time to manifest (i.e., vegetation changes over years due 
to a change in wetland water balance). 

Induced impacts can occur after construction has concluded and occur in large part due to the 
increased pressure from human habitation and use, such as introduction of feral or domestic 
predators (i.e., cats and dogs), unauthorized trail construction in natural areas, dumping of 
garbage and yard waste, and various types of contamination. 

Cumulative impacts are associated with the spatial and temporal implications of the proposed 
development in conjunction with other stressors in the area. These stressors could be 
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additional urban development, increased water withdrawals, or other anthropogenic effects 
(i.e., aggregate production). These are largely addressed through the undertaking of this study, 
which assesses the potential development at the subwatershed scale. 

Impacts to the natural environment can be mitigated in numerous ways to avoid or minimize 
impact. The following provides recommendations for the study area. 

Direct impacts can generally be avoided by identifying natural heritage features and functions 
and protecting these with appropriate buffers. Roseville Swamp and Cedar Creek are the most 
sensitive features identified in the study area. These are protected within the Greenlands 
Network, as well as designations of provincial significance and provincial NHS. Suitable buffers 
are recommended in accordance with the Region’s Greenlands Network Implementation 
Guideline, and the Growth Plan (2019) where features are within the provincial NHS. Table 35 
identifies the recommended buffer widths. The recommended buffers are based on existing 
regulations and may be modified through further study. Buffers are generally to be “no touch” 
areas. 

Table 35 Buffer Width Recommendations 

Natural Heritage Features Outside the Provincial NHS 
(m) 

Within the Provincial NHS 
(m) 

Woodlands 10 30 
Wetlands   

Non-provincially significant 15 30 
Provincially significant 30 30 

Watercourses   
Cold-water 30 30 

Warm-water 15 30 
 

The Endangered Species Act protects Endangered and Threatened species. Where Endangered 
and Threatened species are present on the landscape, the MECP should be consulted with 
regards to necessary surveys and permitting requirements. Additionally, the Endangered 
Species Act and associated regulations should be referred to for further detail, as it is possible 
these statutes and the permitting process could be updated in the future. 

Where Barn Swallow nests are to be removed, nests are to be replaced through a new nesting 
structure. Removal of foraging habitat will require a permit. Removal of barns, houses, or 
individual trees may need to be surveyed for SAR bats and bat maternity roosts. Vernal pools 
should be surveyed for Jefferson Salamander, and if present, regulated habitat for this species 
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will have to be identified. Areas proposed for development should also be surveyed for 
American Badger. 

The Migratory Birds Convention Act protects migratory birds, their eggs and nests from being 
harmed or destroyed. It is recommended that any tree removal and vegetation clearing 
(including grading) be undertaken prior to May 1 or following August 31. Should vegetation 
clearing have to occur within this time, a nest search must be completed by a qualified biologist 
within 48 hours of the clearing to assess whether or not any nests are located in the area. 
Clearing cannot be done if an active nest is present. In order to avoid impacts to SAR bats, tree 
clearing should be undertaken prior to April 1 and following October 31. A tree inventory 
should be undertaken prior to removal of trees. Any Butternut on the landscape must undergo 
a health assessment and permitting requirements must be followed. 

Potential indirect impacts to wildlife may arise from noise and dust associated with 
construction activities and unnatural lighting resulting from the development. Noise associated 
with construction will be temporary, therefore significant effects on wildlife from noise are not 
expected. Depending on the type of industry that is developed within the PISR lands, there may 
be permanent noise impacts. Lighting from the new development should be directed to the 
ground (following dark sky best management practices) and away from natural areas. 

During construction activities such as clearing and grubbing, dust can lead to changes in 
vegetation due to increased heat absorption and decreased transpiration, as well as adverse 
effects in wildlife due to high levels of sedimentation and visual impacts. In order to suppress 
dust, areas of bare soil should be moistened with water during construction activities to ensure 
that the amount of dust within the subject area is reduced. Topsoil stockpile locations should 
be in areas of lesser wind exposure and away from natural features. Erosion and sediment 
control measures should be put in place and maintained in good repair. Areas of bare soil 
should be seeded to reduce erosion. For details on erosion and sediment control design and 
monitoring, please refer to the Greater Golden Horseshoe Conservation Authorities’ Erosion & 
Sediment Control Guideline for Urban Construction, 2006. 

The water balance of wetlands must be maintained, as well as infiltration targets to maintain 
groundwater levels and discharge to creeks and wetlands downstream. This Subwatershed 
Study makes recommendations with regards to stormwater management, low impact 
development practices to promote infiltration and treatment of water, as well as methods to 
reduce impact from chlorides. 
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To avoid induced impacts within the SKPA, it is recommended that a trail system be established 
to allow people access and use of the Greenlands Network. A comprehensive trail plan should 
be developed as an integrated part of the overall land use plan, prior to development occurring. 
The trail system should be constructed at the start of development, to give people immediate 
access, and discourage the establishment of footpaths. Generally, trails should be located 
within the outer limits of the buffer zone to minimize impacts to ecologic features. Fencing 
should also be considered at the edge of the Greenlands Network to keep people and pets 
outside of sensitive areas. Specific fencing locations should be determined at the detailed 
design stage. Existing disturbances within natural heritage features, such as debris piles, should 
be removed. If possible, a plan for invasive species control should be prepared and 
implemented. It is also recommended that a homeowner education package be prepared to 
educate new residents on the natural heritage features in their vicinity and identify ways they 
can protect and even enhance the features and provide benefits for wildlife. 

Areas within the Greenlands Network that are currently not natural (e.g., agricultural areas) 
should be naturalized and planted with native, non-invasive species. Milkweed species 
(Asclepias sp.) should be included in seeding mixes to provide habitat for Monarch. Other 
species, beneficial to pollinators, should be planted as well. It is recommended that planting 
and seeding plans be established at detailed design stages. 

In order to avoid cumulative impacts, more detailed environmental studies should be 
undertaken at the Secondary Plan and Detailed Design stages, with reference back to this 
Subwatershed Study. 

7 Preliminary Management Strategy 
The following sections describe the preliminary water management and Natural Heritage 
strategies for the SKPA and PISR lands. Due to the conceptual nature of the land use scenarios 
developed as part of this study, the development of detailed management strategies is not 
possible at this time. Should these lands be designated for development in the future, a more 
complete land use planning process will be required to be undertaken, at which point specific 
management strategies would be developed. 
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7.1 Water Management Strategy 
Based upon the results of the impact assessment, the water management strategy for the 
potential development within the Cedar Creek Subwatershed is required to satisfy the following 
criteria: 

1. Control post-development flows to pre-development levels at the outlets from potential 
development areas, to provide flood protection for downstream properties. 

2. Reduce surface runoff volume from potential development areas to maintain 
pre-development water budget and mitigate erosion impacts to downstream watercourses, 
including areas with no defined drainage features. 

3. Provide stormwater quality control to an enhanced standard of treatment per current 
Provincial criteria. 

4. Manage chloride loadings to runoff, particularly from snowpack during spring freshet. 

The Cedar Creek Subwatershed is a unique environment, and as such, the management 
strategy developed for the potential land use scenarios needs to be specifically tailored to that 
environment. 

Generally speaking, the DSA, as well as the remaining portions of Cedar Creek, has a very low 
density of perennial watercourses, particularly so in the extreme headwaters of the watershed. 
Perennial watercourses emerge in groundwater discharge areas, typically found in wetland 
areas associated with the Roseville Swamp. The perennial watercourses that are present have a 
strong baseflow component, and infrequently receive overland runoff. This is due to large 
proportion of both surficial, and subsurface, sand deposits within the watershed, which 
promotes infiltration (and subsequently groundwater recharge) rather than overland flow. As a 
result of the strong baseflow component, Cedar Creek watercourses are typically characterized 
as cold or cool water and are host to cold water species such as brook trout. Groundwater 
recharge generated within the DSA, and the resultant groundwater flow system, also supports 
other natural features such as Roseville Swamp, watercourses in adjacent watersheds (i.e. Blair 
Creek), with only a minor portion of municipal withdrawals reliant on DSA-derived recharge. 
Protecting the quantity and quality of the groundwater system is critical to maintaining the 
ecologic and human function of those features. 

Corresponding to the low density of watercourses and highly pervious surficial materials, there 
is also a lack of headwater drainage features that play a role beyond conveyance. The lack of 
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watercourses is a key consideration when developing a management strategy for the potential 
land use scenarios developed in Section 4.0. Both the SKPA and the western PISR lands do not 
have nearby watercourses that would receive associated stormwater discharge. Allowing 
frequent off-site discharge would cause undesirable impacts to downslope lands in the form of 
frequent inundation, erosion issues, and potential impacts to existing ecologic functions.  

Flow events (February 2018 rain-on-snow event with frozen ground conditions) have been 
observed through the course of this study, which indicate that SKPA lands (and presumably the 
PISR lands) do generate overland flow that eventually reach a watercourse. While the 
frequency of such events is not known, is it expected these events play important roles in 
channel form and function processes and should be maintained to the greatest degree possible 
under a potential urban land use scenario. 

As a result of this setting, the following high-level management strategies are recommended: 

1. Potential urban developments shall only discharge stormwater offsite at an approximately 
similar frequency as is occurring under baseline conditions. 

 As urbanized lands generate more surplus precipitation than agricultural lands, this would 
result in infiltration (and subsequently groundwater recharge) being increased beyond 
baseline conditions. This provides an opportunity to enhance the amount of groundwater 
discharge received by surface water features and may increase the resilience of those 
features to climate variability. 

2. Infiltration of potentially contaminated water shall only be performed in areas where there 
is a lessor chance of the contaminated water reaching AFD1 (municipal supply aquifer). 

 The characterization study identified DSA land areas that directly support the Strasburg, 
Roseville and Ayr wellfields, as well as those land areas where recharge may interact with 
AFD1 (but not directly support municipal wellfields). In these areas only clean water (i.e. 
roofs) should be infiltrated. 

 By infiltrating clean water at source, the urban developments are better able to replicate 
existing spatial distribution of groundwater recharge, and subsequently, existing 
groundwater flow patterns.  

 Runoff from areas that are more likely to be contaminated (e.g. roads, sidewalks, parking 
spaces) should be directed toward end-of-pipe recharge facilities that are sited outside 
those lands that contribute to AFD1. 
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3. Due to the reliance of sensitive ecologic features (e.g. Cedar Creek, Roseville Swamp) on 
groundwater discharge, care should be taken to limit the introduction of potential 
contaminants to the infiltrated stormwater. This would include: 

 The implementation of Low Impact Development technologies such as bioswales/filters 
to reduce the concentration of contaminants (e.g. TSS, nutrients, metals) at source. 

 The implementation of management strategies such as salt management plans to reduce 
the mass loading of chlorides into stormwater, and subsequently the groundwater 
system. 

7.1.1 Stormwater Management Criteria 

Hydrologic analyses have been completed in order to determine the sizing criteria for 
stormwater management facilities which would be required to mitigate the predicted 
hydrologic impacts of potential future development, specifically related to increased peak flows 
and erosion potential along the receiving watercourses, as well as to maintain groundwater 
recharge under the future land use conditions.   

As noted previously, the hydrologic analyses for flood control have applied a synthetic design 
storm methodology. This methodology, while commonly used for assessing impacts and sizing 
stormwater management infrastructure, does not account for the influence of inter-event 
periods which are recognized to potentially reduce the storage volume available at the onset of 
a formative storm event. Moreover, the synthetic design storm methodology does not account 
for the influence of snow accumulation and melt which, based upon anecdotal information 
collected during the course of this study, represents the formative condition for flooding within 
the study area. In this regard, the design storm methodology is considered to represent a 
surrogate approach for assessing flooding impacts and sizing stormwater management facilities 
accordingly. 

Recognizing the inherent assumptions to the design storm methodology, as well as the 
requirement to size stormwater management facilities for erosion control and infiltration, in 
addition to providing flood protection, the hydrologic analyses for flood control have not 
incorporated infiltration and/or extended detention storage for erosion control and 
maintaining infiltration. 

The GAWSER hydrologic model for the potential future uncontrolled land use conditions under 
Scenario #2 has been revised to incorporate storage elements to represent proposed 
end-of-pipe facilities within the potential development areas. The stormwater management 
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facilities have been assumed to be centralized within each of the three development areas. The 
unitary storage and discharge criteria for flood control has been iteratively adjusted until the 
requisite flood control has been achieved and have been predicated upon providing peak flow 
reduction for all operating conditions up to the Regional Storm event. The unitary volumes have 
been adjusted by incremental multiples of 25 m3/imp. ha for this assessment, and the unitary 
discharge rates have been determined based upon the unitary peak flows for the 2-year 
through Regional Storm events. The resulting unitary storage and discharge criteria are 
presented in Table 36. 

Table 36 Unitary Storage and Discharge Criteria for Potential Future Land Use Areas 

Operating Stage Unitary Storage 
(m3/imp. ha) 

Unitary Discharge  
(m3/s/ha) 

Future Residential Lands North of New Dundee Road 
2 Year 325 0.001 
5 Year 475 0.002 

10 Year 550 0.003 
25 Year 650 0.004 
50 Year 775 0.004 

100 Year 825 0.006 
Regional Storm 2,950 0.017 

Future Employment (West) 
2 Year 225 0.004 
5 Year 275 0.007 

10 Year 325 0.009 
25 Year 375 0.011 
50 Year 400 0.013 

100 Year 425 0.015 
Regional Storm 950 0.049 

Future Employment (East) 
2 Year 375 0.000 
5 Year 450 0.001 

10 Year 500 0.002 
25 Year 575 0.003 
50 Year 625 0.003 

100 Year 675 0.004 
Regional Storm 1,975 0.020 
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The stormwater management criteria presented above indicates that the unitary sizing of the 
end-of-pipe facilities varies among the development areas considered for this assessment. 
This variation in unitary sizing criteria is considered attributable to the differences in land uses 
between the PISR and the SKPA, as well as anticipated revisions to contributing drainage areas 
at key outlets following development. Recognizing that the land use conditions and grading are 
to be established as part of future studies, the unitary sizing criteria presented above would 
necessarily require verification as part of those future works. 

Storage-discharge relationships have been generated for the end-of-pipe facilities within the 
potential development areas per Scenarios #1 and #2 based upon the foregoing criteria, as well 
as the size and impervious coverage of the contributing drainage area to the respective 
facilities. The GAWSER hydrologic model has been executed for the 2-to 100-year design storm 
events, as well as the Regional Storm event, and the simulated peak flows have been extracted 
from the assessment. The results of this assessment are provided in Table 37, and the percent 
difference compared to pre-development flows are presented in Table 38. 
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Table 37 Simulated Peak Flows for Cedar Creek Subwatershed – Future Land Use Scenario #2 with SWM (m3/s) 

HYD Location 
Event (year) 

2 5 10 25 50 100 Regional Storm1 
101 NW Branch d/s New Dundee Road 0.30 0.75 1.11 1.54 1.87 2.24 8.86 

21032 NW Branch at Outlet of Subcatchment 1032 0.34 0.91 1.42 2.04 2.53 3.05 12.81 
2103 NW Branch at Outlet of Subcatchment 1033 0.37 1.02 1.61 2.31 2.90 3.52 14.96 
2105 NW Branch u/s Roseville Road 0.40 1.14 1.81 2.61 3.31 4.02 17.44 
2108 NW Branch at Roseville Road 0.61 1.58 2.39 3.41 4.36 5.28 22.44 

21103 Outlet of Subcatchment 1103 0.64 1.68 2.53 3.60 4.62 5.61 23.91 
2110 Outlet Northwest Branch 1.16 2.23 3.17 4.39 5.67 6.86 29.83 
2112 Outlet Northeast Branch 0.70 1.78 2.63 3.82 4.72 5.57 23.72 
2127 Northeast Branch at Roseville Road (2nd) 0.50 1.23 1.86 2.73 3.40 4.02 16.86 
2128 NE Branch at Roseville Road (1st) (Hwy 401) 0.55 1.37 2.06 3.01 3.75 4.45 19.37 
2129 East Branch Cedar Creek u/s Highway 401 0.69 1.74 2.58 3.74 4.64 5.47 22.54 
2130 Cedar Ck d/s Conf. East & West 1.75 4.00 5.72 7.89 10.10 12.07 53.55 
2131 Cedar Ck d/s outlet of 130 1.79 4.09 5.88 8.09 10.33 12.33 54.65 
2135 Cedar Ck u/s Cedar Ck Road 1.90 4.40 6.38 8.83 11.26 13.46 60.86 
2138 Cedar Ck between Alps and Cedar 1.96 4.51 6.55 9.06 11.51 13.73 63.83 
2140 Cedar Ck at Alps Road 2.02 4.67 6.81 9.45 11.99 14.32 66.34 
2160 Cedar Ck at Greenfields Road 2.22 5.12 7.70 10.74 13.56 16.19 77.63 
1160 Cedar Ck at Reidsville Rd 2.21 5.10 7.65 10.66 13.47 16.08 76.38 
2175 Outlet of Southeast Branch 0.24 0.84 1.33 1.94 2.40 2.89 9.07 
2176 Cedar Ck d/s Southeast Branch 2.24 5.18 7.82 10.95 13.97 16.81 82.74 
2178 Cedar Ck u/s Southwest Branch 2.22 5.04 7.53 10.62 13.45 15.81 82.20 
2182 Outlet of Southwest Branch 0.22 0.77 1.19 1.72 2.13 2.59 9.55 
2183 Cedar Creek d/s of Southwest Branch 2.26 5.14 7.70 10.91 13.84 16.27 85.12 
2185 Cedar Creek at Ayr Gauge 2.26 5.14 7.71 10.92 13.86 16.28 85.37 
5185 Cedar Creek at Jedburgh Pond Outlet, Ayr 2.19 4.91 7.30 10.24 12.87 15.98 85.37 
2190 Cedar Creek at Nith R. 2.19 4.91 7.30 10.25 12.87 15.98 85.38 
5190 Cedar Creek outlet at Nith R. Outlet 2.19 4.90 7.20 10.15 12.79 15.71 85.49 

Notes: 1. with reductions factors 
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Table 38 Percent Difference in Simulated Peak Flows for Cedar Creek Subwatershed Under Future Land Use Scenario #2 with 
SWM Compared to Existing Conditions 

HYD Location 
Event (year) 

2 5 10 25 50 100 Regional Storm1 
101 NW Branch d/s New Dundee Road -1.6% -0.1% 0.0% -1.4% -2.5% -1.2% -0.6% 

21032 NW Branch at Outlet of Subcatchment 1032 0.6% -5.5% -3.5% -2.8% -3.1% -3.3% -0.8% 
2103 NW Branch at Outlet of Subcatchment 1033 -8.3% -13.5% -11.5% -10.8% -12.0% -11.6% -10.3% 
2105 NW Branch u/s Roseville Road -8.5% -13.7% -11.4% -10.4% -11.3% -10.8% -9.4% 
2108 NW Branch at Roseville Road 8.4% -3.3% -3.2% -2.5% -3.5% -2.7% -7.7% 

21103 Outlet of Subcatchment 1103 7.4% -3.0% -3.1% -2.4% -3.2% -2.1% -6.4% 
2110 Outlet Northwest Branch 2.4% -1.8% -3.4% -3.1% -3.3% -2.4% -6.1% 
2112 Outlet Northeast Branch 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
2127 Northeast Branch at Roseville Road (2nd) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
2128 NE Branch at Roseville Road (1st) (Hwy 401) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
2129 East Branch Cedar Creek u/s Highway 401 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
2130 Cedar Ck d/s Conf. East & West 1.8% -0.7% -1.5% -1.8% -2.0% -1.9% -3.5% 
2131 Cedar Ck d/s outlet of 130 1.5% -1.5% -1.9% -2.1% -2.2% -2.0% -2.8% 
2135 Cedar Ck u/s Cedar Ck Road 3.5% 1.3% 1.6% 1.7% 1.5% 1.8% -1.0% 
2138 Cedar Ck between Alps and Cedar 3.3% 1.3% 1.6% 1.8% 1.7% 2.0% -1.1% 
2140 Cedar Ck at Alps Road 3.3% 1.2% 1.6% 1.7% 1.6% 1.9% -1.1% 
2160 Cedar Ck at Greenfields Road 2.5% 0.7% 1.4% 1.5% 1.6% 1.8% -1.2% 
1160 Cedar Ck at Reidsville Rd 2.5% 0.7% 1.4% 1.6% 1.6% 1.8% -1.3% 
2175 Outlet of Southeast Branch 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
2176 Cedar Ck d/s Southeast Branch 2.5% 0.7% 1.4% 1.5% 1.5% 1.7% -1.0% 
2178 Cedar Ck u/s Southwest Branch 2.6% 1.1% 1.7% 1.9% 2.0% 0.2% -1.0% 
2182 Outlet of Southwest Branch 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
2183 Cedar Creek d/s of Southwest Branch 2.4% 1.0% 1.6% 1.8% 1.9% 0.1% -0.8% 
2185 Cedar Creek at Ayr Gauge 2.4% 1.0% 1.6% 1.8% 1.9% 0.1% -0.9% 
5185 Cedar Creek at Jedburgh Pond Outlet, Ayr 2.8% 1.6% 2.1% 2.3% 2.5% 0.6% -0.9% 
2190 Cedar Creek at Nith R. 2.8% 1.6% 2.1% 2.3% 2.5% 0.6% -0.9% 
5190 Cedar Creek outlet at Nith R. Outlet 2.8% 1.7% 2.3% 2.4% 2.6% 0.9% -0.8% 

Notes: 1. with reductions factors 
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The results in Tables 37 and 38 indicate that the recommended unitary sizing criteria would 
generally control post-development flows to pre-development levels at all downstream 
locations for all events considered. Minor residual increases would be anticipated further 
downstream (i.e., between 0.2 and 2.8 %) for the 2- to 100-year events due to the timing of 
flows, however these residual increases are noted to be minor. Of particular note, the 
recommended unitary sizing criteria would control Regional Storm event post-development 
flows to pre-development levels at all downstream locations, hence the recommended unitary 
sizing criteria would maintain the existing regulatory floodplain limits along the Cedar Creek. 

Continuous simulation has been completed to size the infiltration facilities to maintain 
pre-development water budget and provide erosion protection. The routing elements in the 
GAWSER model have been revised to ROUTE SPECIAL POND commands, to represent the 
infiltration component of these facilities. The size of the infiltration facilities has been adjusted 
incrementally, until the post-development surface runoff volume has equaled the 
pre-development surface runoff volume for each scenario. The results of this assessment have 
indicated that infiltration facilities, sized to capture 12.5 mm of runoff per impervious hectare, 
would adequately maintain pre-development surface runoff volumes. The results of the erosion 
assessment are presented in Tables 39 and 40. 

Table 39 Duration Analysis for Erosion Assessment of Future Land Scenario #2 with 
Stormwater Management (Percent of Total Time Exceeded) 

HYD Location Reach 

Percentage of Total Time Exceeded 

Existing 
Conditions 

Future 
Conditions 
with SWM 

Percent 
Differences Vs. 

Existing 
2110 Outlet Northwest 

Branch 
CC-05 2% 2% 0% 

2135 Cedar Ck u/s 
Cedar Ck Road 

CC-04 16% 16% 0% 

2138 Cedar Ck between 
Alps and Cedar 

CC-03 15% 14% -1% 

2140 Cedar Ck at Alps 
Road 

CC-02 16% 16% 0% 

2160 Cedar Ck at 
Greenfields Road 

CC-01 29% 26% -3% 

1160 Cedar Ck at 
Reidsville Rd 

CC-01 27% 29% 2% 
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Table 40 Volume Above Critical Threshold for Erosion Assessment of Future Land Use 
with Stormwater Management 

HYD Location Reach 

Erosion Volume (106 m3) 

Existing 
Conditions 

Future 
Conditions 
with SWM 

Percent 
Differences 
Vs. Existing 

2110 Outlet Northwest Branch CC-05 21.42 17.96 -19% 
2135 Cedar Ck u/s Cedar Ck Road CC-04 124.19 128.22 2% 
2138 Cedar Ck between Alps and 

Cedar 
CC-03 103.16 105.47 2% 

2140 Cedar Ck at Alps Road CC-02 112.20 114.22 2% 
2160 Cedar Ck at Greenfields Road CC-01 211.59 195.05 0% 
1160 Cedar Ck at Reidsville Rd CC-01 194.57 219.04 3% 

 

The results in Tables 39 and 40 indicate that the recommended stormwater management plan 
would mitigate downstream erosion potential along Cedar Creek to within 5% of existing 
erosion duration and erosive volumes at the key locations. As such, erosion impacts from the 
potential development are considered to be mitigable through sizing infiltration facilities to 
capture 12.5 mm/impervious hectare of the contributing drainage area. 

The stormwater management plan is required to include stormwater quality controls, sized to 
current Provincial standards for an enhanced level of treatment. In addition, all infiltrated 
runoff is required to receive pre-treatment, to remove pollutants from the runoff. Where 
possible, direct recharge of clean runoff (i.e. from rooftops) is encouraged. 

The stormwater management plan is also required to manage chloride from infiltrated runoff. 
This is of particular significance within the potential residential development north of New 
Dundee Road, where a portion of the area contributes recharge to the municipal supply aquifer 
(AFD1), and another area contributes toward the Roseville Swamp. In these areas, the direct 
infiltration of clean runoff from private rooftops is strongly encouraged, in order to maintain 
the groundwater recharge at source in these locations. For public rights-of-way, chloride 
concentrations would be anticipated to be higher due to the use of road salts for winter 
maintenance, hence efforts should be made to minimize the use of road salt for winter 
maintenance. In order to further mitigate the potential for chloride to infiltrate into the 
groundwater, it is recommended that all runoff from the public rights-of-way be directed 
toward centralized facilities for the capture of chloride-laden runoff prior to infiltration. These 
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centralized facilities should be located outside the area that contributes recharge to the 
municipal supply aquifer or the Roseville Swamp. 

A preliminary stormwater plan has been developed, premised upon the text outlined above.  
The preliminary stormwater plan is depicted on Figure 49, and comprises the following: 

• Infiltration of clean rooftop runoff at-source to maintain local groundwater recharge. 

• Drainage of runoff from public rights-of-way toward centralized facilities in each of the three 
key development areas. 

• Design of centralized facilities to capture salt-laden runoff during winter conditions, provide 
stormwater and quantity control, and infiltration. 

7.2 Natural Heritage Strategy 
The Greenlands Network for the Cedar Creek Subwatershed was confirmed, refined or 
identified in Phase 1 of the study, with certain refinements made in the second phase. The 
Greenlands Network is comprised of Landscape Level Systems, Core Environmental Features, 
Supporting Environmental Features, Fish Habitat, and Linkages. These include PSWs, ESPAs, and 
Significant Woodlands, among other features. 

Linkages are connections between natural heritage features that provide movement 
opportunities for species between habitat patches that would otherwise be isolated. They 
enhance and maintain the viability of specific species populations by preserving genetic 
variability and allowing populations to recolonize areas where they are no longer found. 
Linkages also provide some foraging and breeding habitat, as well as provide a buffer function 
along watercourses and other features (Region of Waterloo 2016). Linkage locations are 
included in the recommended Greenlands Network as shown on Figure 39 and 40. Linkages are 
generally recommended to be 100 m wide, unless a linkage of a different width can be 
supported through an EIS. Where a linkage is to be less than 50 m wide, it should be located 
adjacent to land uses such as open space, passive recreational parkland, or naturalization and 
restoration areas. Its length should be minimized and it should incorporate any remnant natural 
heritage features and areas to the greatest extent possible. Where a linkage crosses a road, an 
appropriate wildlife crossing should be designed. It is recommended that Linkages be 
naturalized to provide wildlife habitat. It is noted that some of the proposed linkages are 
currently unvegetated, and an ecological restoration plan will need to ensure they are suitable 
for wildlife. 
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Recommended buffers have been identified in Section 6.7, as 10 m from upland forests, 15 m 
from non-provincially significant wetlands, and 30 m from PSWs and features within the 
provincial NHS (in accordance with the Growth Plan 2019). Buffers from natural heritage 
features have been shown for the DSA on Map 50. A cultural thicket located south of Roseville 
Road has been recommended a 10 m buffer as well, as it is identified as a Supporting 
Environmental Feature. The overland drainage path, north of Roseville Road to New Dundee 
Road, has been included within a Linkage, thereby making additional buffers unnecessary in this 
location. Buffers are based on the vegetation communities and policy guidance and may be 
modified through further study. Buffers are generally to be “no touch” areas. 

Restoration Areas have been identified on Figure 50 as well. These are primarily located within 
the provincial NHS, outside the buffers. These lands are dominated by actively farmed 
agricultural fields, with some cultural woodlands east of Roseville Swamp. North of New 
Dundee Road, a wide hedgerow has been identified as a restoration area, allowing a connection 
between two deciduous woodlands. Linkages, buffers, and plantations are also restoration 
areas. Linkages identified within the Greenlands Network (Figures 39 and 40) and buffers are 
generally ploughed fields that are recommended to be naturalized, should an opportunity be 
available. Similarly, it is also recommended that where opportunities exist, coniferous 
plantations within the DSA be enhanced, through active management if necessary, to help 
them transition into more naturalized forests.  

The opportunities and constraints that the Greenlands Network presents, including buffers, 
linkages, and restoration areas, are shown on Figure 51. This line determines a constraint to 
development, but an opportunity for environmental protection and enhancement. It also 
provides an opportunity to design the proposed development in an environmentally sensitive 
way that can provide benefits to both the development, as well as the Greenlands Network. For 
instance, it is recommended that parks and schools be located next to the Greenlands Network 
to provide opportunities to enhance the Greenlands Network even further, while also providing 
the public with access to natural areas for their enjoyment, recreation, and nature appreciation. 

Landscape Level Connections have also been identified as part of this study. Landscape Level 
Connections are conceptual and intended to show, at a high level, the potential to link natural 
heritage features within and across subwatersheds. There are no direct development 
constraints associated with the identification of a Landscape Level Connection. Within the 
Project Study Area, several of the recommended linkages would support an identified 
Landscape Level Connection.  
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7.2.1 Greenlands Management Plan 

It is recommended that buffer areas, linkages, and restoration areas identified on the 
Greenlands Management map (Figures39, 40, and 50) be naturalized. Naturalization can occur 
through active restoration of these areas by planting and seeding of native species. Through 
development approval processes, it is recommended that detailed planting plans be established 
for the restoration of these areas adjacent to the proposed development. It is recommended 
that the active agricultural areas identified for restoration be graded appropriately and 
amended with additional topsoil. A variety of habitats may be restored, depending on the 
adjacent natural areas, such as woodlands, wetlands, or watercourses, as well as providing 
some meadow and thicket habitats. Providing habitat for significant species should be 
considered. For instance, Milkweed should be included in most seeding plans to benefit 
Monarch. Native seed mixes should be used along with plantings in a range of sizes (caliper 
stock, whips, plugs). The GRCA can recommend herbaceous companion plantings in this regard.  

The restoration of the Linkage encompassing the overland flow path, north of Roseville Road 
and south of New Dundee Road, must consider the periodic inundation of those lands with 
water.  

Existing plantations offer opportunities for restoration and enhancement as well. Plantations 
are not natural forests and offer a limited diversity of species and habitat. Plantations should be 
thinned and planted with a variety of native species over time. Especially suitable species for 
interplanting include Basswood (Tilia americana), Hickory (Carya sp.), Ironwood (Ostrya 
virginiana), Oak (Quercus sp.), and White Cedar (Thuja occidentalis).  

A larger cultural thicket (approximately 3 ha in area) is located south of Roseville Road. It is 
recommended that this thicket be managed as a thicket in order to provide a diversity of 
habitat within the DSA, including habitat for species that require more open areas.  

A trail network should be considered at the outset of development. Creating a network of trails 
within the Greenlands Network, especially within the buffer areas, will provide new residents 
with walking trails right away, which will discourage the creation of footpaths. Trails will foster 
nature appreciation and allow for passive recreation opportunities, which is part of a 
sustainable community. As described earlier, a comprehensive trail plan should be developed as 
an integrated part of the overall land use plan, prior to development occurring. 
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7.2.2 Stewardship Strategy 

The Greenlands Network must be managed and maintained. Recommended stewardship 
measures include the following: 

• controlling access to the Greenlands Network. Rear yards backing on to the Greenlands 
Network shall be fenced and shall be placed along the recommended buffers limits 

• establishing a trail network through the least sensitive Greenlands Network will provide for 
recreational opportunities and discourage footpaths and dumping 

• removal of invasive species and control of invasive species in the future 
• removal of trash and debris, including farm dump sites of vehicles, fencing, and farm 

implements 
• nature interpretive signs for education purposes, especially along trails 
• nest box installation for birds and bats 
• naturalization of plantations 
• restoration of buffers, linkages, and restoration areas 
• naturalization and stewardship of school yards, as these will likely be linked to the Greenlands 

Network in the future and will foster an appreciation of nature in children, as well as provide 
physical and psychological benefits 

7.2.3 Construction and Design Related Mitigation Recommendations 

Due to the preliminary nature of the potential land use scenarios, detailed mitigation measures 
associated with construction are not appropriate at this time. The following recommendations 
are general in nature but are standard mitigation measures for development and construction.  
The following recommendations are provided to ensure that any potential impacts are 
minimized: 

• Individual trees (e.g. hedgerows, surrounding residences) should be maintained and 
protected where possible. Where trees in fair to excellent condition have to be removed, 
these should be compensated for. Compensation plans are to be developed at the detailed 
design stage. 

• No storage of equipment, materials or fill is to occur within the natural areas or their 
buffers. 

• Maintenance of machinery during construction should occur at a designated location away 
from the proposed Greenlands Network. 
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• Sediment and erosion control measures must be installed prior to, monitored and 
maintained during construction. Measures must remain in place until the site is stable. 

• During the installation of the construction limit fencing, any hazard trees should be 
identified by a Certified Arborist and removed or pruned as warranted. Cavity trees may 
have to be surveyed for SAR bats prior to any removal. This should be done in consultation 
with the MECP. 

• Any areas of bare soil that arise should be graded and re-vegetated as soon as possible to 
avoid gullying and erosion (within 30 days of inactivity). A suitable native seed mix is to be 
applied to all exposed areas of soil that are immediately adjacent to the natural areas. 

• Planting of native tree and shrub species on currently un-vegetated portions of the DSA is 
recommended to enhance site conditions. Natural succession and plantings can be used to 
create native vegetation zones around retained natural heritage features. Landscaping plans 
should be developed for recommended buffer zones and linkages. 

• Litter and debris should be removed from the construction areas on an ongoing basis.  

7.3 General Management Strategies 
The preceding sections have outlined a detailed management strategy for potential 
development within the PISR and the SKPA, which represent the subject areas for this Scoped 
Subwatershed Study. Nevertheless, it is recognized that as part of future planning studies, 
development may be envisioned within the Upper Cedar Creek, beyond the limits evaluated 
herein. In this respect, and recognizing the features, physiography, and characterization of the 
DSA, the following general impacts would be anticipated as a result of any potential future 
development within the subwatershed: 

• Increased hardening of the landscape (e.g., concrete, asphalt, roofs) limits opportunities for 
rain/snowmelt to recharge the groundwater system, resulting in impacts to groundwater 
discharge to creeks and wetlands, and promotes excess overland runoff. 

• If unmitigated, this increased runoff could: 

 change the water balance of the subwatershed 
 increase watercourse erosion 
 degrade channel functions 
 increase flooding potential of downstream properties 
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• As no watercourse is present to receive stormwater discharge, flooding and erosion along the 
overland flow path (between New Dundee Road and Roseville Road) is likely. 

• Increased sources of contaminants (e.g., salt/chloride, fertilizers, metals) may enter the 
surface water and groundwater system. 

• Environmental function of important headwater drainage features may become impaired. 

• Changes in groundwater discharge and water balance, and increased water temperature, 
may impact wetlands and streams. 

• Potential development may result in direct impacts to wildlife and vegetation including 
vegetation removal, wildlife mortality, reduction in wildlife linkages, fish barriers, stream 
realignment. 

• Potential development may result in indirect impacts to wildlife and vegetation include 
lighting and noise. 

• Induced impacts to wildlife and vegetation may arise from human use including, dumping, 
pets, contamination. 

Any planning for potential future development within the Upper Cedar Creek Subwatershed 
should necessarily include a companion study (i.e., EIS) at a higher level of detail and resolution 
to establish the natural heritage system, as well as the stormwater management plan for the 
subject area. While the details regarding the sizing, siting, and configuration of these 
stormwater management infrastructure would necessarily be established as part of the future 
studies, it is anticipated that the recommendations would incorporate the following: 

• constructing ponds or wetlands to control rates of surface runoff and remove pollutants 
• integrating green infrastructure (e.g., vegetated buffers and bioswales) and low impact 

development practices within potential future urban areas to promote infiltration, reducing 
the additional surface runoff volume and further removing pollutants from runoff 

• managing headwater drainages features to maintain their function 
• infiltrating runoff onsite for areas with no natural outlet along receiving system 
• maintaining and enhancing the natural heritage system (i.e., Greenlands Network) 
• providing sufficient buffers from natural heritage features 
• installing fencing and other methods to delineate natural areas 
• developing wildlife linkages, eco-passages, and road calming measures 
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• planning for the appropriate placement of trails 
• limiting impacts through timing of construction, permitting, and construction inspection and 

monitoring 
• ensuring erosion and sediment control during construction 
• undertaking construction inspection and monitoring 

As noted previously, the details regarding the extent, siting, and sizing of these management 
practices would need to be established as part of future studies for potential future 
development areas within the DSA. 

8 Monitoring Plan 
The GRCA began environmental monitoring in 2015 in anticipation of the Upper Cedar Creek 
Scoped Subwatershed Study. The objectives of the monitoring were to: 

• update the current conditions within watercourses described in the Cedar Creek Scoped 
Subwatershed Study (LGL Environmental Research Associates 2002) prepared in support of 
the Ayr Community Plan 

• collect additional information to inform future study of groundwater-surface water 
interactions in the Cedar Creek Subwatershed and the Roseville Swamp area broadly 

• identify environmental conditions or issues that may assist in scoping future technical or 
subwatershed studies 

Parameters monitored by GRCA included shallow groundwater gradients; surface water quality, 
temperature, and flows; and fish and benthic invertebrate communities. GRCA sampling 
locations were selected to support a synoptic survey of subwatershed conditions, with 
consideration for re-visiting historic sampling locations.  

Additional monitoring and field surveys specifically focussed on the DSA were undertaken by 
the consulting team. This has included streamflow monitoring, shallow groundwater gradients, 
groundwater levels, groundwater quality, geomorphic monitoring, and vegetation community 
classification. 

This information has been critical to characterize watershed function and to develop the 
understanding to assess potential impacts associated with the land use scenarios described 
herein. While comprehensive, the inventories and monitoring have been relatively short in 
duration (1 to 5 years, depending on the monitored parameter), and is likely insufficient to fully 
capture the range of variability that Cedar Creek experiences. 
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It is currently unknown whether lands within the SKPA will be designated as future urban lands. 
Should these lands become designated, it is likely that secondary planning studies, with 
accompanying environmental investigations, would be required prior to construction. As such, 
it is expected that any development would not happen in the near-term, but at a future time 
frame that is likely measured in years. 

While monitoring activities would be revisited and refined during a secondary planning study, 
there is currently an opportunity to continue scoped monitoring activities to better understand 
the range of variability that the Cedar Creek Subwatershed experiences. This will assist the 
secondary planning process in assessing the significance of potential impacts, as well as support 
future studies completed within the Cedar Creek watershed (e.g. cumulative effects of below 
water table extraction of aggregate). 

Following the secondary plan studies, there would be a need for localized monitoring during 
and after construction. Due to the uncertain nature of the potential development (if any) it is 
currently premature to specifically outline the monitoring activities that should be undertaken. 

Based on this understanding, the Study Team has identified two broad monitoring components. 
They are as follows: 

• Subwatershed-Scale – Monitoring activities that would inform on potential impacts to 
specific receptors (e.g. Cedar Creek, Roseville Swamp), or pathways that would eventually 
result in impacts to those receptors. Except for Roseville Swamp, these features are 
generally south of Roseville Road. This monitoring would likely be agency led (RMOW, 
GRCA, City of Kitchener). Some aspects of the existing monitoring program could be 
continued, while others could be re-instated prior to any future land use change to update 
pre-development conditions. 

• Local Monitoring – Specific monitoring of post-development environmental and stormwater 
management systems that are specific to potential urban land uses. The objective of this 
monitoring component would be to evaluate management system performance. This 
monitoring would likely be developer led and would occur pre-, during- and after 
construction. 

Each of these components are discussed in the following sections. 
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8.1 Subwatershed-Scale  
To support future planning studies, and ongoing baseline data collection, it is recommended 
that certain aspects of the existing monitoring network be continued, with the aim to better 
understand the range of natural variability experienced by features of interest, specifically 
those that are most likely to experience impacts. The objective of this would be to refine the 
baseline understanding to better understand natural variability, and ultimately, determine 
when a change in a monitored parameter would constitute an impact.  

Monitoring should include a mixture of leading measures (parameters that precede impacts 
being experienced, e.g. groundwater heads declining), as well as lagging measures (parameters 
that would confirm impacts are being experienced, e.g. Brook Trout population declining due of 
reduced groundwater discharge). By having a combination of leading and lagging measures, 
water managers would be better positioned to attribute/refute potential linkages between 
monitored impacts and landscape changes. 

The watershed-scale monitoring activities have been organized into two broad groupings: 
monitoring that should continue now (i.e. Continued Monitoring); and monitoring activities that 
should be undertaken should the SKPA receive an urban designation (i.e. Future Monitoring). 
These activities are summarized below. 

• Continued Monitoring 

 Climate observations – Ongoing monitoring of climate (temperature and precipitation) 
would assist in understanding where variations from baseline are caused by climate 
variability versus land use impacts. The existing climate network was sufficient for this 
study, so it is not expected additional climate stations are required. 

 Groundwater monitoring - Utilize the current monitoring well network drilled and 
installed as part of this study to collect continuously monitored water levels. Biannual 
(or more) manual measurements are required to confirm logger readings. Additional 
observation wells north of the SKPA would be of assistance to assess potential impacts 
that are migrating north toward the Strasburg wellfield. 

 Surface water monitoring 

 Water Quantity – Continue monitoring at the GRCA flow station located on Cedar 
Creek Road. This location has been heavily impacted by beaver activity, which is 
affecting the accuracy of flow estimates. The GRCA is currently investigating options 



 

 
24812-528x SWS R 2019-10-03 final V1.0.docx 136 Matrix Solutions Inc. 

for moving the Cedar Creek Road gauge to a less impacted reach. There is currently 
no viable site for streamflow monitoring upstream of Cedar Creek Road. Stream 
gauges on Blair Creek and the Roseville Tributary at Kings Road, albeit potentially 
impacted by stressors other than the SKPA or PISR lands, could also inform on 
potential impacts.  

 Surface water temperature monitoring - Continuous temperature loggers should be 
collected at the same locations that streamflow is being captured. As most 
equipment used for streamflow monitoring also allows the capture of water 
temperature data, the incremental cost to collect this information is negligible. 

• Future Monitoring 

 Groundwater water quality monitoring – Sample dissolved water quality parameters 
biannually or seasonally. Parameters will include major anions and cations and any 
known groundwater contaminants of concern (specifically chloride and nitrate) 

 Surface water quality monitoring – There is an opportunity to focus the existing surface 
water quality monitoring network on reaches most likely to receive impacts (e.g. 
Western tributary of Cedar Creek, main stem of Cedar Creek above Alps Road, and 
Roseville Swamp). To ensure compatibility with previous monitoring programs, sampling 
should be completed at the same frequency as the GRCA had completed to support this 
Subwatershed Study (15 times per year) and at the same monitoring locations. 
Furthermore, the monitoring should capture a range of flow and seasonal conditions. 
Analyzed parameters should replicate those included in the GRCA’s 2017 water quality 
monitoring program (dissolved phosphorous, total phosphorous, total suspended solids, 
dissolved chloride, nitrate, nitrite, hardness, copper, lead, zinc) 

 Surface water temperature monitoring - Continuous temperature loggers should be 
installed from April 1 to November 30 at key discharge areas, specifically the western 
tributary of Cedar Creek, should site access allow. 

 Geomorphic monitoring – Three detailed survey locations have been developed as part 
of this study. Continued monitoring of these locations would assist in understanding 
how dynamic the channel form is. 

 Benthic surveys – Benthic invertebrate are useful as an overall indicator of stream 
health. If site access allows, these monitoring sites would benefit from being moved into 
reaches that are closer to the headwaters (western tributary of Cedar Creek). 
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 Fish community surveys – To date, the majority of fish community surveys completed 
for Cedar have focussed on the main stem of the creek, or downstream reaches. As the 
study has identified reaches with key aquatic habitat near the headwaters, it would be 
prudent to conduct fish community surveys in those areas (e.g., western tributary of 
Cedar Creek), should site access allow. 

At this time, it is not felt that continued monitoring in the lower reaches of Cedar Creek (below 
Alps Road) would add value. 

8.2 Local Monitoring Programs 
Local monitoring programs are to be developed as part of future studies, to assess the 
performance of environmental and stormwater management systems post-development, as 
well as to inform the management of erosion and sediment controls during construction. 
Although the details of these monitoring programs are beyond the resolution of the current, 
conceptual land use scenarios, general guidance is provided below for developing these 
programs as part of future works. 

8.2.1 Pre-construction 
Prior to construction, onsite inspections of the sediment and erosion control measures, as well 
as tree protection measures should be undertaken. Depending on the timing of potential 
development, mapping of Core Environmental Features may need to be reviewed in the field 
with the City, Region, and the GRCA, and subsequently updated as part of site-specific planning 
studies prior to construction. 

8.2.2 During Construction 
During construction, sediment and erosion control measures and tree protection fencing should 
be monitored on a regular basis (i.e., weekly and/or after heavy rainfall or snowmelt events), 
year-round, maintained in good working order, and, if necessary, repaired to ensure 
effectiveness. Pruning of any limbs or roots of trees to be retained or inadvertently 
disrupted/damaged during construction should be undertaken as necessary. 

Groundwater levels and baseflow should be monitored during any dewatering activities. 

Other mitigation measures recommended for development should be adhered to, such as 
fuelling of machinery at designated locations at a minimum of 30 m away from woodlands, 
wetlands, and watercourses; storage of machinery and material, fill, etc. in designated areas; 
and equipment movement through natural areas and buffers must be controlled. 
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8.2.3 Post-construction 
Buffer, restoration, and compensation plantings should be monitored after installation. 
Following planting, it is recommended that the plantings be inspected to ensure that the 
correct species and number of plants were planted in accordance with the approved planting 
plan. Two years after planting, the plantings should be inspected again to ensure a good  
(e.g., 60%) survival rate. Any specimens not healthy and in vigorous growing condition should 
be replaced at that time. To increase survival, it is recommended that new plantings be 
maintained through watering during the first two years after installation. Tree staking is to be 
removed two years after installation. 

Surface water monitoring should include the collection of flow (stormwater discharge) and 
rainfall data. Each stormwater management facility should be monitored for inflow and outflow 
and temperature. Given that the inlet and outlet control structures are generally well 
documented with well-defined hydraulic rating curves, continuous water level recording 
devices would be considered appropriate. 

Regular inspection of the inlets and outlets should be completed to ensure that they are free of 
debris and sediment and are functioning as intended. As a minimum, inspections should be 
completed every month and following major storms for the first two years of operation. Any 
problems should be rectified by the consultant or reported, if special equipment is required. 
The gauges should be installed from April 1 to November 30 and be capable of providing data in 
a minimum of 5-minute increments. All data should be collected in digital format and processed 
into a tabular inlet/outlet hydrograph form. 

Depending on the results of the first year of monitoring, consideration should be given to 
monitoring the performance of the facilities year-round (i.e. inclusive of the December 1 to 
March 31 period). 
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