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Figure 1-1 Integrative Watershed Management & Adaptive Management 

The IWM and AMA approaches presented in the BBB study (CH2M Gore & Storrie Limited 1997) and FDS reports 
were updated for some indicators in the 2018 CEA report (GRCA 2018) to include a cumulative effects 
framework and weight-of-evidence approach. The CEA (GRCA 2018) identified early indicators, including flow 
regime, total suspended solids (TSS), total phosphorus (TP), nitrate, chloride (Cl), and stream temperature to 
prevent significant impact on Blair Creek itself. The weight-of-evidence approach uses statistical analyses to 
quantify effects from different stressors, including climate and development. This approach allows for earlier 
identification of impact to Upper Blair Creek and correspondingly a faster application of the AMA. Through these 
methodologies, Upper Blair Creek is managed, monitored, and maintained.  

Previous technical reports including the BBB Study (CH2M Gore & Storrie Limited 1997), 2009 FDS, 2016 SOW 
(Aquafor Beech Limited 2016), and 2018 CEA (GRCA 2018), provide a comprehensive background on the 
physical, hydrologic, hydrogeological, and ecological systems as well as the baseline conditions of Upper Blair 
Creek. All four reports highlight the importance and sensitivity of Upper Blair Creek as a cold-water stream and 
fishery. Additionally, these reports provide recommendations for sustainable development and land use. These 
reports have provided stakeholders with the insight required to make sustainable decisions surrounding urban 
development and policy planning for upper Blair Creek and have been integral in developing the current 
monitoring and reporting procedures for Blair Creek. The monitoring procedures and practices monitor the 
integrity of Upper Blair Creek and the surrounding provincially significant wetland areas as the subwatershed 
area is developed.  

In keeping with the recommendations of previous reports, monitoring practices and management strategies for 
Upper Blair Creek must be continually evaluated and, if necessary, updated. This evaluation and recommendation 
process is completed on a 3-5-year cycle through a SOW report. The following 2020 document is the second 
SOW report for the Upper Blair Creek Subwatershed. The 2020 Upper Blair Creek SOW provides an analysis and 
evaluation of the monitored conditions during-development between 2013 and 2019, as well as a comparison to 
the previously documented baseline (pre-development) conditions.  

1.1 Project Context 

The Blair Creek subwatershed is in the southwest corner of the City, as illustrated in Figure 1-1-1. The Blair Creek 
Subwatershed spans 18.4 square kilometres (km2), crossing the City of Kitchener’s boundaries into the City of 
Cambridge and the Township of North Dumfries. It is a cold-water perennial watercourse which flows through 
predominantly agricultural and natural land and supports a Brook Trout population. The fishery is highly 
dependent on groundwater recharge and discharge characteristics and is sensitive to changes in flow and 
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thermal regime. The creek flows through the provincially significant Roseville Swamp Cedar Creek Wetland 
Complex and Blair Creek Wetland. The outlet of Blair Creek is the Grand River which is located approximately 
9 kilometres (km) downstream of the City of Kitchener. 

Upper Blair Creek is the headwaters of Blair Creek and is located at the South West boundary of the City. Upper 
Blair creek has been further divided into two study areas, East and West as shown in Figure 1-1-2. The East study 
area contains land located east of Reidel Drive which reflects the developed or developing land within the City of 
Kitchener’s urban area boundary. Construction of residential development began in the East Study Area in 2011. 
The West Study Area encompasses land west of Reidel Drive, outside the urban area boundary, and is currently 
an approved Agricultural Resource Area as per the Regional Official Plan (ROP) approved by the Ontario 
Municipal Board, June 18, 2015. The West Study Area is referred to as Dundee North. The City is currently 
undertaking the development of a new Secondary Plan for the Dundee North area of the Blair Creek 
subwatershed.  
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1.2 Project Purpose and Objectives 

1.2.1 Document Purpose 

The purpose of the 2020 Upper Blair Creek SOW report is to compare the current condition of the Upper Blair 
Creek to previously documented baseline conditions, assess the effectiveness of the current monitoring 
programs and practices, and make recommendations for improvements to future monitoring efforts. The 2020 
Upper Blair Creek SOW is the second SOW assessment for Upper Blair Creek. Subsequent SOW reports are 
scheduled to be completed every five years. Areas of interest for the City of Kitchener, Region of Waterloo, and 
GRCA include:  

1) Changes to flow regime impacting stream stability;
2) Water quality, specifically the control of salts and chlori de contamination;
3) Thermal impacts to Upper Blair Creek and the associated habitats;
4) Sediment release, loadings and construction erosion and sediment control issues; and
5) Groundwater recharge.

The evaluation of Upper Blair Creek is completed through monitoring quantitative and qualitative stream 
parameters throughout the subwatershed and with additional site- specific monitoring SWM facility effectiveness. 

The evaluation and comparison of the Upper Blair Creek current condition, to previously reported baseline 
conditions, provides the Region, City, and GRCA with insight on the state of the subwatershed. Stream parameters 
with no change may be an indication of effective monitoring and successful application of adaptation measures. 
Negative changes in the creek condition, identified through monitoring , may indicate where adaptive measures 
can be improved. The information collected can provide stakeholders with the information necessary to make 
environmentally responsible development and policy  decisions. The nature of the potential expansion of the City 
urban area boundary into the West Study Area, depends on maintaining the condition of Blair Creek through 
implementing appropriate SWM cont rols (Stantec 2009) .  

1.2.2 Study Objectives 

The objective of the 2020 Upper Blair Creek SOW report is to document and assess the effects of during-
development  activities, and compare these to the baseline conditions developed in the 2016 SOW (Aquafor 
Beech Limited 2016) and subsequent updates provided in the 2018 CEA (GRCA 2018). This 2020 report 
continues the data analysis reported in the 2016 SOW (Aquafor Beech Limited 2016) with the subsequent GRCA 
and developer monitoring data. In meeting the project ’s objective, the following tasks were completed:  

1) Review and summary of relevant background reports, monitoring procedures and data, and identification of
data gaps;

2) Evaluation of previous SOW goals, objectives, indicators, and targets;

3) Management of monitoring data sets including organization and flagging of outliers;

4) Assessment of the 2013-2019 monitoring results using the 2016 SOW (Aquafor Beech Limited 2016)
statistical methods;

5) Assessment of the 2013-2019 monitoring results using R software to perform statistical analyses identified
for pre- and during-development “early indicators of change” metrics (GRCA 2018);

6) Comparison of analyzed data to previously determined pre-development/base line conditions  and
evaluation of trends;
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7) Comprehensive evaluation of SWM infrastructure performance and recommendations for future
management. SWM infrastructure includes existing SWM facilities, contingency lots, annual monitoring
program, and Rapid Assessment and Action Protocols (RAAP);

8) Identification of change to indicators and targets;

9) Evaluation of existing conditions with respect to specific indicators and targets;

10) Recommendations for the integrated monitoring program to ensure continued achievement of targets.
Recommendations include modifications, continuation, and change in flexibility of aspects of the current
monitoring program; and

11) Review and recommendation regarding the Rapid Assessment and Action Protocols (RAAPs) for temperature
and sediment control adaptive management practices.

1.3 Document Structure 

The following list provides an overview of the sections included in the 2020 Upper Blair Creek Subwatershed 
SOW: 

Section 1 - Includes the Upper Blair Creek SOW purpose and objectives. Provides an overview of the project 
context, previous reports, project history, stormwater management, and water balance and land development 
context.  

Section 2 - Describes the existing conditions for each discipline including a summary and comparison to previous 
reports, updated data analysis, and results and conclusions.  

Section 3 - Provides the projects goals, objectives, and targets. 

Section 4 - Proposes a monitoring plan for each discipline outlined in Section 2. The monitoring plan includes 
monitoring locations, methodology, parameters, frequency, and the party responsible for monitoring.  

Section 5 - Describes the RAAPs for temperature and erosion and sediment control, assess protocols and 
identifies recommendations.  

Section 6 - Provides all reference documents. 

1.4 Study Area Characterization 

This section characterizes the geographical and environmental aspects of the Upper Clair Creek subwatershed 
area. This description is summarized from the 2016 SOW (Aquafor Beech Limited 2016) study area 
characterization which was completed using information provided by the BBB Study (CH2M Gore & Storrie 
Limited 1997) and the FDS (Stantec 2009). A more detailed description of site characterization, corresponding 
to each discipline, is provided in Section 2. 

“The middle and lower reaches of Blair Creek system [are] characterized as a sensitive cold water 
fishery that is highly dependent upon the groundwater recharge and discharge characteristics and 
sensitive to changes in flow and thermal regime, such as those that generally result from an 
increase in impervious coverage (i.e., development) across the contributing drainage area” 
(Stantec, 2009). Additionally, a significant portion of the Blair Creek Subwatershed is “bounded by 
provincially significant wetlands and areas of natural scientific interest” (CH2M Gore & Storrie 
Limited 1997). 
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The Blair Creek headwaters are in the Waterloo Moraine, which is characterized by ice-contact sand/gravels and 
intervening sand/silt till soils. The overlaying soil is sandy loam with medium permeability. Additionally, “well 
records indicate that groundwater levels are below the streambed in the headwaters” (Aquafor Beech Limited 
2016). The physiography, hydrogeology, and soil combination, result in both measurable runoff and significant 
infiltration.  

The headwaters of Blair Creek originate in wetlands west of Reidel Drive. The three small tributaries of Blair Creek 
flow at a 0.8 percent slope through fairly good riparian cover to meet upstream of Reidel Drive. “A permanent 
tributary drains agricultural areas southwest of the headwater wetland and [downstream] joins the Blair Creek 
just west of Reidel Drive” (Stantec 2009). This tributary and two others converge with Blair Creek upstream of 
Dodge Drive. “Blair Creek is classified as an intermittent stream from its headwaters to west of Dodge Drive” 
(Aquafor Beech Limited 2016).  

“South of Dodge Drive, Blair Creek enters a 5-hectare marsh before its confluence with the Roseville Swamp 
tributary east of King’s Road” (Stantec 2009). Increased baseflow South of New Dundee Road generates 
perennial flow. From the headwaters to Roseville Swamp Blair Creek is a locally gaining and losing stream. Minor 
groundwater input occurs through interflow and from the overburden aquifer during wet periods. “The 
headwaters of Blair Creek convey little baseflow, but measurable amounts of runoff during wet conditions. The 
analysis completed as part of the BBB study shows that, during dry periods, the Roseville Swamp may convey 10 
times the flow of the Blair Creek headwaters, while during wet periods the Roseville Swamp may convey 2 to 4 
times the headwater flow” (Aquafor Beech Limited 2016). Water infiltrated in the upland moraines does not 
contribute to the headwaters of Blair Creek. 

1.5 Project History 

To date there have been four major evaluations of the Upper Blair Creek subwatershed: 

1) Blair Bechtel, and Bauman Creeks Subwatershed Plan (BBB Study)

(CH2M Gore & Storrie Limited 1997)

2) Upper Blair Creek (Kitchener) Functional Drainage Study (FDS)

(Stantec 2009)

3) 2016 Upper Blair Creek State of the Watershed (2016 SOW)

(Aquafor Beech Limited 2016)

4) Cumulative Effects Monitoring – Blair Creek Case Study (CEA)

(GRCA 2018)

In accordance with the objectives of the 2020 Upper Blair Creek SOW, the reports have been reviewed and 
summarized in detail, according to each discipline, within Section 2. The following provides an overview of the 
reports above as well as their relevance to the current SOW.  

1.5.1 Blair, Bechtel, and Bauman Creeks Subwatershed Plan (BBB Study) 

The BBB study was initiated in 1993 by the GRCA, Region of Waterloo, Cities of Kitchener and Cambridge, 
Township of Dumfries, and the Ontario Ministries of Natural Resources (now Ministry of Natural Resources and 
Forestry), Environment and Energy (now Ministry of Environment, Conservation and Parks [MECP]), and 
Transportation. The BBB Study (CH2M Gore & Storrie Limited 1997) was completed in 1997 and provided a 
subwatershed management plan for the Blair, Bechtel, and Bauman Creeks which balanced development and 
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protection/preservation of natural resources. The BBB study identified Blair Creek as a cold-water stream with 
species sensitive to changes in flow regime and thermal conditions.  

The BBB Study (CH2M Gore & Storrie Limited 1997) assessed the physical resources provided by Blair Creek, 
identified, and modelled the potential impacts of future development, analyzed the existing subwatershed issues, 
and provided a subwatershed management plan for Blair Creek. The management plan included goals and 
corresponding objectives with specific management practices to help facilitate their achievement. These 
management practices have been adapted and modified through subsequent reports to achieve continued 
improvement in the management plan. One of the highlighted practices implemented as part of the BBB 
recommendations were defined impervious cover limits for the subwatershed to ensure groundwater recharge 
levels were maintained. The BBB Study established preservation recommendations for Blair Creek which have 
been adapted with each subsequent assessment. Also, as part of the management plan, a monitoring plan was 
recommended by the BBB study. The monitoring plan included streamflow, infiltration rates, baseflow, stream 
temperature, erosion rates, groundwater levels, and fisheries assessments. These monitoring recommendations 
provided the foundation for the monitoring program which is currently used for Blair Creek. 

1.5.2 Upper Blair Creek (Kitchener) Functional Drainage Study Final Report (FDS) 

The Upper Blair Creek FDS (Stantec 2009) was commissioned to determine if further development could be 
accommodated in the Upper Blair subwatershed while successfully mitigating harmful impacts and achieving the 
protection/preservation recommendations outlined in the BBB Study. The FDS was intended to provide the 
Region, the City, and the GRCA with a technical basis for future development planning. Within the East Study 
Area, the focus was to develop a method, other than impervious cover limits, that could be used to identify if 
further development could occur within the boundaries defined by the objectives and recommendations of the 
BBB study. The FDS also investigated whether using enhanced SWM practices would allow for development to 
occur in the West Study Area of the Blair Creek Subwatershed.  

One of the first determinations of the FDS (Stantec 2009) was that the East and West Study Areas could be 
treated independently of each other. The FDS also determined that using SWM practices on smaller sub-
catchments within the watershed, could allow development to proceed more flexibly. In regard to the Impervious 
Cover Limits put forward in the BBB Study, it was determined that that the critical development design 
requirement is that a development meets the designated infiltration targets which may be achieved through 
design measures other than Infiltration Cover limits (ICLs).  

The FDS (Stantec 2009) investigated existing geotechnical and hydrogeological conditions in the Blair Creek 
Subwatershed and reviewed and evaluated SWM technologies using modelled conditions. From this 
investigation, a SWM Implementation Plan was developed that put emphasis on an AMA which provides guidance 
on changes to management approaches and revises monitoring protocols and targets over time, and as 
conditions change, as appropriate. The revision of targets and monitoring protocols is based on the results from 
the extensive and ongoing monitoring of the subwatershed. This approach is currently used in the Upper Blair 
Creek SOW reports.  

The FDS also recommended that a State of the Watershed Report for Upper Blair Creek be completed on a 
recurring 3-5-year cycle and outlined the requirements for RAAPs. The current monitoring practices used in the 
Upper Blair Creek subwatershed and the resulting database that has been compiled, as well as the AMA and 
reporting methods, have all been adopted from the FDS. 

1.5.3 2016 Upper Blair Creek State of the Watershed (2016 SOW) 

The 2016 SOW (Aquafor Beech Limited 2016) was prepared for the City, GRCA, Region, City of Cambridge, and 
the Township of North Dumfries. The purpose of this report was to establish baseline (pre-development) 
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conditions for surface water quality and quantity, groundwater, stream morphology, and terrestrial and aquatic 
ecology. The baseline conditions in the 2016 SOW allowed for the continued application of the AMA to SWM and 
monitoring practices for Upper Blair Creek.  

The 2016 SOW (Aquafor Beech Limited 2016) made recommendations for future monitoring activities, 
suggested sediment management during-development activities, and made amendments to the RAAPs. The 
2016 SOW also recommended that future SOWs should be completed every five years.  

Recommendations for future monitoring practices included a more holistic approach which would combine 
system-wide and site-specific monitoring. The 2016 SOW specified future monitoring locations, parameters to be 
measured, monitoring and measurement frequency, and responsible parties for each study discipline. Note that 
not all recommendations in the 2016 SOW were incorporated in this SOW report. 

1.5.4 Cumulative Effects Monitoring – Blair Creek Case Study (CEA) 

The CEA was created by the GRCA (2018) in partnership with the MECP, and the City to provide a case study of 
the Blair Creek Monitoring Program. The purpose of the CEA was to evaluate 2006-2016 monitoring data 
categorized as pre-, during-, and post-development using a cumulative effects assessment framework. The 
objectives included improved characterization of land-use and water quality, and increased awareness of 
cumulative effects monitoring.  

The framework analyses identify changes in key indicators and statistically differentiates the impact of climate 
and land use stressors. This framework was recommended as an addition in future SOWs and has been added to 
this current 2020 SOW. The CEA highlighted the importance of monitoring site locations and recognizing early 
indicators. It recommended the use of a weight-of-evidence approach, drawing on climate, hydrology, water 
quality and stream temperature as indicators and as individual lines-of-evidence in the overall assessment of the 
Upper Blair Creek condition. The CEA also adjusted the 2016 SOW baseline conditions for select parameters 
using a more comprehensive data set and statistical tools (GRCA 2018). The updated baseline conditions have 
been incorporated into the 2020 SOW.  

For the evaluated years, 2006-2016, the CEA identified that no substantial development impacts had been 
documented. However, potential indicators of change were found which include “flashiness” (rapid increase in 
flow) in the upstream confluence with the Roseville Tributary, increases in high TSS concentrations at sites 
immediately downstream of development, and slight temperature changes in various portions of the stream 
(GRCA 2018).  

1.6 SWM and Water Balance Context 

An overarching goal of the FDS and BBB studies (Stantec 2009; CH2M Gore & Storrie Limited 1997) was to 
implement a water balance approach to managing activity in the subwatershed which would limit changes to the 
hydrologic cycle.  

Many factors affect the hydrologic cycle including natural features such as soil, topography, vegetation, geology 
and climate, and anthropogenic features such as climate change and development. The main mechanisms that 
maintain the hydrologic cycle are evaporation and transpiration (evapotranspiration), runoff, infiltration, and 
precipitation. These components are used in the water balance equation, normally expressed as:  

Precipitation (P) = Evapotranspiration (ET) + Runoff (R) + Infiltration (I) 

Changes to the hydrologic cycle result in impacts on water quantity and quality as well as stream morphology. 
Urbanization and the corresponding increase in impervious cover has a strong impact on the mechanisms that 
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Appendix A. Surface Water 

See companion files. 

  





 

 

Appendix C. Geomorphology 

See companion files. 
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