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1 INTRODUCTION AND BACKGROUND 
WSP Canada Inc. (WSP) has been retained by QuadReal Property Group Limited Partnership 

& Tribal Partners Canada Inc. to develop a Feature Based Water Balance Analysis in support 

of the proposed development at 12668 & 12862 Dixie Road in the Town of Caledon, Ontario.  

As shown in Figure 1.1, the proposed development site is located in the Town of Caledon and 

bounded by Old School Road to the North, Dixie Road to the East, and undeveloped lands to 

the West and South. The site is currently used for agricultural purposes, and is primarily vacant 

with the exception of a farmhouse and some associated structures. The proposed 

development will consist of three (3) large industrial warehouse buildings with their associated 

loading dock areas, trailer and car parking spaces, etc. Two (2) Stormwater Management 

Ponds together with Low Impact Developments (e.g., infiltration galleries, underground storm 

chambers) will be constructed to achieve the required stormwater management control targets 

specified for the proposed site (refer to the “Stormwater Management Report” prepared for the 

site, prepared by WSP, dated March 01, 2024).  

A “Comprehensive Environmental Impact Study and Management Plan (CEISMP)” was 

prepared for the subject site by WSP dated March 2024. As part of CEISMP, a preliminary 

Headwater Drainage Feature (HDF) assessment was conducted on the subject property. The 

assessment confirmed the recommendations for retention of identified HDFs within the subject 

site (i.e., Tributary 2 / HDF3, Tributary 3 / HDF9c and Tributary 4 / HDF8a-4). Tributaries 2 and 

3 convey surface flows through the identified centre Significant Woodland, which was also 

identified as a natural feature to be retained (i.e., FOD5-1). Figure 1.1 shows the locations of 

these identified features.  

CEISMP further states that “The preliminary water balance analysis presented in the 

Preliminary Hydrogeological Assessment (MTE; Feb. 2021) notes that none of the tributaries 

and associated wetlands on the subject properties is groundwater dependent.  To mitigate 

potential impacts, it is recommended that future studies incorporate strategies to maintain 

surface water inputs to the watercourses that originate on the subject property (i.e., Tributaries 

2, 3, and 4).” 

On April 29, 2021, a consultation meeting with TRCA technical staff was conducted to discuss 

the potential impacts to the identified nature features (i.e., HDFs and Woodland) within the 

subject site due to the proposed development. The meeting confirmed that a Feature Based 

Water Balance study by using the approved continuous hydrologic modelling would be 

required to support the proposed development. The study shall apply the best management 

practices to provide adequate compensations since there would be unavoidable major 
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alteration to the drainage boundaries of these identified natural features. The meeting further 

confirmed that a typical 3 years of monitoring data would be required to properly establish the 

baseline conditions of the features. Such monitoring program shall be designed on long term 

basis and continue through the construction cycle. Adaptive Management Plan (AMP) would 

also be required to ensure that the proposed mitigation measures could be modified to 

accommodate future adaptive management recommendations.  

Upon acknowledgement of the technical requirements by TRCA, MTE Consultants completed 

the scoped surface water monitoring program (as part of the comprehensive hydrogeological 

assessment) for a period of 3 years (i.e., May 2021 to December 2023). The collected 

monitoring data was provided to WSP on February 12, 2024 for the purpose of developing a 

calibrated existing conditions hydrologic model to support the study.   

This report includes the technical details of the Feature Based Water Balance analysis, 

discusses the continuous hydrological model, summarizes the potential impacts, and provides 

recommendations on appropriate mitigation measures to preserve and maintain the identified 

nature features. Note that the report was prepared by following TRCA’s “Wetland Water 

Balance Modelling Guidance Document – Draft” dated August 2019.  
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2 OBJECTIVES AND POLICIES 

2.1 Water Balance Objectives and Policies 

Water balance requirements for the natural features detailed in the TRCA’s Stormwater 

Management Criteria (August 2012) are as follows: 

Woodlands: Manage the water balance with the intent to maintain the volume, timing and 

spatial distribution of surface water and groundwater contributions that ensures that 

hydrological changes do not cause a negative impact on the form and/or function of the 

woodland. 

Wetlands: Manage the water balance with the intent to maintain the quantity (i.e. volume, 

timing and spatial distribution) of surface water and groundwater contributions that ensures the 

pre-development hydro-period (seasonal pattern of water level fluctuation) of the wetland is 

protected. 

Any proposed development in the vicinity of a natural feature should ideally follow the following 

Best Management Practices, as applicable: 

1. No net reduction in surficial aquifer recharge 

2. Minimize potential for contamination of groundwater 

3. No loss of wetland function or area 

4. Minimize alteration to the natural drainage boundaries 

5. Provide adequate compensation in case of any unavoidable major alteration to the natural 

drainage boundaries 

2.2 Wetland Monitoring Objectives and Policies 

The “Wetland Water Balance Monitoring Protocol” dated September 2016 and “Wetland Water 

Balance Risk Evaluation” dated November 2017 were published by TRCA, and were produced 

to provide guidance regarding potential impact to wetland features due to the proponents of 

urban development, infrastructure or water extraction applications. The document indicates 

that pre-development monitoring programs shall include 1 - 3 years of monitoring. The pre-

development monitoring data collected are to be used to: 

1. Develop a calibrated existing conditions wetland water balance model 
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2. Collect data that can be used to compare pre-to-post development conditions 

3. Guide mitigation efforts during and after construction 

2.3 Technical Guidance Document 

The “Wetland Water Balance Modelling Guidance Document - Draft” prepared by TRCA, dated 

August 2019 outlines the approach and procedure for conducting a feature-based water 

balance modelling exercise for the protection of wetland hydrology. The purpose of the 

modelling exercise is to inform the need for, and the design of, mitigation measures to ensure 

a minimal difference between the post-development and pre-development water balance of a 

wetland. The Document provides an overview of wetland hydrology modelling, the strengths 

and weaknesses of various hydrological models, and the information that needs to be included 

in a feature-based water analysis report.    

This Feature Based Water Balance study was prepared by generally following the template 

format as outlined in Appendix A of the “Wetland Water Balance Modelling Guidance 

Document”.  
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3 MONITORING PROGRAM 

3.1 Program Setup 

MTE Consultants completed the scoped surface water monitoring program (as part of its 

comprehensive hydrogeological assessment) for a period of 3 years (i.e., May 2021 to 

December 2023). The monitoring program was designed in accordance with the Wetland 

Water Balance Monitoring Protocol prepared by TRCA dated September 2016. As previously 

indicated in Section 2.2, the objective of the monitoring program is to calibrate the wetland 

water balance model under existing conditions, and evaluate the effectiveness of the proposed 

mitigation measures to maintain the hydrological cycle of the wetland feature.  

A total of four (4) water level gauges were established. The locations of these gauges are 

shown in Figure 1.1.  Table 3.1 provides a summary of the gauge details.   

Table 3.1 Water Level Monitoring Gauges Details (provided by MTE) 

Gauge Name 
- WSP 

Gauge Name 
- MTE 

Location (Feature) Monitoring Parameters 

SW-1 SG5 
Surface Water Entrance to Tributary 2 

(HDF3) 

Water Level, 
Temperature. Hourly 

Data.   

SW-2 SG6 
Surface Water Exit from Tributary 2 (HDF3) 

/ Downstream of Significant Woodland 
(FOD5-1) 

Water Level, 
Temperature. Hourly 

Data.   

SW-3 SG4 
Surface Water Entrance to Tributary 3 

(HDF9c) 

Water Level, 
Temperature. Hourly 

Data.   

SW-4 SG3 
Surface Water Entrance to Tributary 4 

(HDF8a-4) 

Water Level, 
Temperature. Hourly 

Data.   

 

3.2 Monitoring Results 

WSP received the monitoring data from MTE on February 12, 2024. The hourly data covers a 

period from May 3, 2021 to December 11, 2023. For demonstration purposes, the recorded 

continuous water levels with temperature at SW-2 (SG6) are plotted in Figure 3.1. In order to 
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better understand the runoff response in relationship with the rainfall, the corresponding hourly 

precipitation data was purchased from Environment Canada at its Weather Station of King City 

(ID 6154150), the nearest station to the study area that has the available hourly weather data 

for the identified period (e.g., 2021 to 2023). The recorded continuous water levels with 

precipitation at SW-2 (SG6) are plotted in Figure 3.2. 

Note that, because the level logger (pressure transducer) is an electronic device to record 

water pressure, the collected data is not valid if water is frozen. Therefore, the data collected 

during the Winter season is not reliable and cannot be used for the purpose of model 

calibration. 
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4 DEVELOPMENT OF CONTINUOUS 

HYDROLOGICAL MODELLING 

4.1 Modelling Methodology 

As identified previously, three (3) Headwater Drainage Features (HDFs) together with the 

central Significant Woodland require water balance analyses. Figures 4.1 and 4.2 show the 

drainage catchments of the identified features under the pre-development and post-

development conditions respectively. As shown, during the post-development conditions, 

upstream contributing area will be developed and therefore, surface runoff from such areas will 

be captured by the proposed infrastructure system (e.g., storm sewer system, etc.) and 

therefore be diverted away from these features. 

The methodology for the feature-based water balance analysis is based on guidance outlined 

in both “Wetland Water Balance Risk Evaluation” (TRCA, November 2017), and “Wetland 

Water Balance Modelling Guidance Document - Draft” (TRCA, August 2019). The continuous 

model selected for the surface runoff water balance study is the Visual OTTHYMO 6 (VO6) 

hydrological model developed by Civica Infrastructure. The model was approved by TRCA for 

the purpose of Feature Based Water Balance analysis. The continuous version of VO was 

released in 2017 with the ability to simulate snow melt, infiltration, evapotranspiration and 

groundwater infiltration. Continuous VO uses the same commands as the single event 

simulation (with some additional parameters required for continuous modelling).  The wetland 

command is a new feature added to VO in 2018. This command is designed to model all the 

hydrological processes in a wetland including inflow, evaporation, seepage and outflow.  

The water balance / budget equation adopted by the VO model is described as: 

Precipitation = Evaporation + Infiltration + Runoff + Storage Change (∆) 

The development of the VO continuous model follows the “Technical Guidelines for Flood 

Hazard Mapping” (EWRG, March 2017) and the Visual OTTHYMO technical and reference 

manuals. Model development details, including the model parameters, model schematics, 

rating curve development, etc., are included in Appendix A.  

As discussed in Section 1, the Preliminary Hydrogeological Assessment (MTE, Feb. 2021) 

notes that none of the tributaries and associated wetlands on the subject properties is 

groundwater dependent. Therefore, the evaluation of groundwater components/impacts is not 

included in the continuous model for the purpose of subject FBWB study.  



 

 

Feature Based Water Balance Analysis - 12668 & 12862 Dixie Road, Caledon  
Project No.  201-11545-00  
Quadreal Property Group Limited Partnership & Tribal Partners Canada Inc.  

WSP
March 2024

Page 9

 

Illustration 4.1 Comparison of Water Levels for Model Calibration, 2021 
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Illustration 4.2 Comparison of Water Levels for Model Calibration, 2022 

 



 

 

Feature Based Water Balance Analysis - 12668 & 12862 Dixie Road, Caledon  
Project No.  201-11545-00  
Quadreal Property Group Limited Partnership & Tribal Partners Canada Inc.  

WSP
March 2024

Page 11

 

Illustration 4.3 Comparison of Water Levels for Model Calibration, 2023 
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4.3 Long-Term Dataset to Establish Hydroperiod 

The target hydroperiod was established by running the calibrated pre-development model 

using a long-term dataset. The Stormwater Management Criteria Document (TRCA, 2012) 

states that the overall objective of FBWB analysis is to “manage the water balance with the 

intent to maintain the quantity (i.e. volume, timing, and spatial distribution) of surface water and 

groundwater contributions that ensures the pre-development hydroperiod (seasonal pattern of 

water level fluctuation) of the wetland is protected”. The proposed development must not 

cause significant changes to the hydroperiod that negatively impact the ecological and 

hydrological functions of the feature.  

To achieve the requirements, the long-term meteorological data inputs to the continuous 

simulation, including precipitation, temperature, etc., was based on the observed daily data 

recorded at Toronto Int’l Airport (IDs 6158733 and 6158731) from 1940 to 2023 for a long-term 

period of 82 continuous years (note that data during year 1993 was removed from the dataset 

due to significant data missing). The VO model automatically uses the results of the calibrated 

pre-development scenario to calculate the confidence interval for the hydroperiod analysis.  

The identical the long-term meteorological data was used to calculate both post-development 

unmitigated and mitigated hydroperiods.  

The proposed development will consist of three (3) large industrial warehouse buildings with 

their associated loading dock areas, trailer and car parking spaces, etc. As shown in Figure 

4.2, under post-development conditions, the majority surface runoff will be diverted away from 

the identified features. VO continuous simulation was conducted to calculate the post 

development hydroperiods by using the same 82 years of long-term dataset. The modelling 

results (to be discussed in Section 5) confirm that the reduction of the runoff to these features 

under post-development conditions requires compensation management via mitigation 

measures. 
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5 RESULTS OF FEATURE-BASED WATER 

BALANCE ANALYSIS 

5.1 Mitigation Measures  

The approach to managing surface water flow contributions to the retained features is to 

identify measures to direct adequate surface runoff volumes to maintain their functions. The 

objective is to manage post-development runoff volumes through the hydroperiod (i.e., 

seasonal pattern of water level fluctuation). Comparisons (both graphically and in tabular 

format) between the simulated target hydroperiod, the post-development unmitigated 

hydroperiod and post-development mitigated hydroperiod were completed to evaluate the 

potential ecological significance of differences for the features.  

Mitigation measures were iteratively modeled in the VO continuous simulations. Theoretically 

speaking, the ideal mitigation measures are achieved when the calculated runoff volumes 

closely matched those under the pre-development conditions. TRCA recognizes that in most 

cases it will not be possible to achieve a post-development hydroperiod that matches exactly 

the pre-development hydroperiod. TRCA is conducting research to support more robust 

decision making around levels of ecological risk, based on the natural range of observed 

variation within and among different wetland communities. The selection of the recommended 

mitigation option should focus on minimizing the difference in hydroperiod timing and 

magnitude in order to minimize negative impacts to the feature.  

The proposed mitigation includes directing runoff from clean areas (e.g., existing undeveloped 

area, rooftops of proposed buildings, etc.). The compensation runoff discharge locations are 

shown in Figure 5.1. Water quality treatment may be required to ensure clean runoff 

compensation. One of commonly adopted approach is to divert the runoff from rooftop area. 

Since the roof flow is considered “clean” and therefore no water quality treatment will be 

required.  

The following eight (8) Mitigation Options are proposed: 

— Divert Clean Flows from 0.5 ha Impervious Area 

— Divert Clean Flows from 1.0 ha Impervious Area 

— Divert Clean Flows from 5.0 ha Impervious Area 

— Divert Clean Flows from 7.5 ha Impervious Area 

— Divert Clean Flows from 10.0 ha Impervious Area 
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— Divert Clean Flows from 12.5 ha Impervious Area 

— Divert Clean Flows from 15.0 ha Impervious Area 

— Divert Clean Flows from 20.0 ha Impervious Area 

 

5.2 Results of Proposed Mitigation Options  

Mitigation Measures for HDF3 (Entrance to Tributary 2) 

The results of continuous modelling under the pre- and post-development with mitigation 

conditions for runoff volumes to HDF3 are presented based on a monthly average annual 

basis as summarized in Table 5.1 and Chart 5.1. Note that the results based on a weekly 

average annual basis are recommended by TRCA to be presented. Since VO continuous 

simulation model only produces monthly water balance results, monthly average annual data 

are presented in the table for comparison purposes. A complete set of the results is included in 

Appendix C.  

Table 5.1: Comparison of Monthly Average Annual Volume (m3) for HDF3 

Month Existing 
Proposed 
with No 

Mitigation 

Proposed with 
Mitigation of 

Compensation 
Area = 1.0 ha 

Proposed with 
Mitigation of 

Compensation 
Area = 10 ha 

Proposed with 
Mitigation of 

Compensation 
Area = 15 ha 

Proposed with 
Mitigation of 

Compensation 
Area = 20 ha 

Jan 17756 383 728 3825 5545 7265 

Feb 19776 491 906 4635 6707 8779 

Mar 32555 803 1519 7965 11546 15127 

Apr 23369 495 1176 7301 10703 14105 

May 16136 388 1057 7066 10405 13743 

Jun 11098 253 892 6640 9833 13027 

Jul 12468 301 995 7238 10706 14173 

Aug 12553 298 980 7110 10515 13920 

Sep 12634 296 935 6680 9872 13063 

Oct 13375 312 883 6025 8881 11737 

Nov 15749 387 959 6103 8961 11818 

Dec 19120 460 918 5035 7322 9609 

Average 17216 406 996 6302 9250 12197 

Total 206590 4867 11948 75624 110995 146366 
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TRCA recognizes that in most cases it will not be possible to achieve a post-development 

hydroperiod that matches exactly the pre-development hydroperiod. TRCA is conducting 

research to support more robust decision making around levels of ecological risk, based on the 

natural range of observed variation within and among different wetland communities. The 

selection of the recommended mitigation option should focus on minimizing the difference in 

hydroperiod timing and magnitude in order to minimize negative impacts to the feature. 

Therefore, for the HDF3 feature, based on the preliminary analysis, diverting clean flows 

equivalent from 15.0 ha of impervious area is recommended.  

Illustration 5.1 presents time series of flow hydrograph comparison for HDF3 (between 

existing and recommended mitigated scenarios) based on the daily dataset for a long-term 

period from 1940-2023. All other VO Continuous Simulation Model Scenario Comparison 

Charts, including Hydrograph Time Series for all mitigation options are included in Appendix 

C.   

Mitigation Measures for HDF9c (Entrance to Tributary 3) 

The results of continuous modelling under the pre- and post-development with mitigation 

conditions for runoff volumes to HDF9c are presented based on a monthly average annual 

basis as summarized in Table 5.2 and Chart 5.2. Note that the results based on a weekly 

average annual basis are recommended by TRCA to be presented. Since VO continuous 

simulation model only produces monthly water balance results, monthly average annual data 

are presented in the table for comparison purposes. A complete set of the results is included in 

Appendix C.  

As described previously, TRCA recognizes that in most cases it will not be possible to achieve 

a post-development hydroperiod that matches exactly the pre-development hydroperiod. The 

selection of the recommended mitigation option should focus on minimizing the difference in 

hydroperiod timing and magnitude in order to minimize negative impacts to the feature. 

Therefore, for the HDF9c feature, based on the preliminary analysis, diverting clean flows 

equivalent from 0.5 ha of impervious area is recommended.  

Illustration 5.2 presents time series of flow hydrograph comparison for HDF9c (between 

existing and recommended mitigated scenarios) based on the daily dataset for a long-term 

period from 1940-2023. All other VO Continuous Simulation Model Scenario Comparison 

Charts, including Hydrograph Time Series for all mitigation options are included in Appendix 

C.   
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Table 5.2: Comparison of Monthly Average Annual Volume (m3) for HDF9c 

 

Month Existing 
Proposed with 
No Mitigation 

Proposed with 
Mitigation of 

Compensation 
Area = 0.5 ha 

Proposed with 
Mitigation of 

Compensation 
Area = 1.0 ha 

Jan 676 114 286 458 

Feb 866 147 354 561 

Mar 1417 239 597 955 

Apr 873 142 482 823 

May 685 110 444 778 

Jun 446 68 387 707 

Jul 530 81 428 775 

Aug 526 78 419 759 

Sep 522 78 398 717 

Oct 550 84 369 655 

Nov 684 107 393 679 

Dec 812 135 364 593 

Average 716 115 410 705 

Total 8588 1384 4922 8459 

 

Mitigation Measures for HDF8a-4 (Entrance to Tributary 4) 

The results of continuous modelling under the pre- and post-development with mitigation 

conditions for runoff volumes to HDF8a-4 are presented based on a monthly average annual 

basis as summarized in Table 5.3 and Chart 5.3. Note that the results based on a weekly 

average annual basis are recommended by TRCA to be presented. Since VO continuous 

simulation model only produces monthly water balance results, monthly average annual data 

are presented in the table for comparison purposes. A complete set of the results is included in 

Appendix C. VO Continuous Simulation Model Scenario Comparison Charts of Hydrograph 

Time Series are also included in Appendix C.   
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Table 5.3: Comparison of Monthly Average Annual Volume (m3) for HDF8a-4 

Month Existing 
Proposed 
with No 

Mitigation 

Proposed with 
Mitigation of 

Compensation 
Area = 1.0 ha 

Proposed with 
Mitigation of 

Compensation 
Area = 5.0 ha 

Proposed with 
Mitigation of 

Compensation 
Area = 7.5 ha 

Proposed with 
Mitigation of 

Compensation 
Area = 10 ha 

Jan 6886 134 478 1854 2714 3574 

Feb 8465 178 592 2250 3286 4322 

Mar 13815 290 1006 3871 5661 7451 

Apr 9156 164 845 3566 5267 6968 

May 6911 128 796 3466 5135 6804 

Jun 4842 86 724 3278 4875 6471 

Jul 5538 106 799 3573 5307 7041 

Aug 5726 103 784 3508 5210 6913 

Sep 5615 101 739 3292 4888 6484 

Oct 5821 104 675 2960 4388 5816 

Nov 7128 125 696 2982 4411 5839 

Dec 8142 157 614 2444 3587 4731 

Average 7337 140 729 3087 4561 6034 

Total 88045 1676 8749 37044 54729 72414 

 

Again, TRCA recognizes that in most cases it will not be possible to achieve a post-

development hydroperiod that matches exactly the pre-development hydroperiod. The 

selection of the recommended mitigation option should focus on minimizing the difference in 

hydroperiod timing and magnitude in order to minimize negative impacts to the feature. 

Therefore, for the HDF8a-4 feature, based on the preliminary analysis, diverting clean flows 

equivalent from 7.5 ha of impervious area is recommended.  

Illustration 5.3 presents time series of flow hydrograph comparison for HDF8a-4 (between 

existing and recommended mitigated scenarios) based on the daily dataset for a long-term 

period from 1940-2023. All other VO Continuous Simulation Model Scenario Comparison 

Charts, including Hydrograph Time Series for all mitigation options are included in Appendix 

C.   
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Mitigation Measures for Significant Woodland FOD5-1 (Exit from Tributary 2) 

The results of continuous modelling under the pre- and post-development with mitigation 

conditions for runoff volumes at Significant Woodland FOD5-1 (located at the exit from 

Tributary 2) are presented based on a monthly average annual basis as summarized in Table 

5.4 and Chart 5.4. Note that the results based on a weekly average annual basis are 

recommended by TRCA to be presented. Since VO continuous simulation model only 

produces monthly water balance results, monthly average annual data are presented in the 

table for comparison purposes. A complete set of the results is included in Appendix C.  

Table 5.4: Comparison of Monthly Average Annual Volume (m3) for Significant 

Woodland FOD5-1 

Month Existing 
Proposed 
with No 

Mitigation 

Proposed with 
Mitigation of 

Compensation 
Area = 1.0 ha 

Proposed with 
Mitigation of 

Compensation 
Area = 10 ha 

Proposed with 
Mitigation of 

Compensation 
Area = 15 ha 

Proposed with 
Mitigation of 

Compensation 
Area = 20 ha 

Jan 3232 234 293 822 1117 1411 

Feb 3632 307 378 1015 1369 1723 

Mar 5971 498 620 1722 2333 2945 

Apr 4238 291 407 1454 2036 2618 

May 2937 223 337 1364 1935 2505 

Jun 2007 137 246 1229 1776 2322 

Jul 2258 162 281 1347 1940 2533 

Aug 2265 153 269 1318 1900 2482 

Sep 2281 154 264 1246 1791 2337 

Oct 2417 165 262 1141 1630 2118 

Nov 2862 213 310 1190 1678 2167 

Dec 3495 276 355 1059 1450 1841 

Average 3133 234 335 1242 1746 2250 

Total 37595 2813 4022 14907 20955 27002 

TRCA recognizes that in most cases it will not be possible to achieve a post-development 

hydroperiod that matches exactly the pre-development hydroperiod. TRCA is conducting 

research to support more robust decision making around levels of ecological risk, based on the 

natural range of observed variation within and among different wetland communities. The 

selection of the recommended mitigation option should focus on minimizing the difference in 

hydroperiod timing and magnitude in order to minimize negative impacts to the feature. 

Therefore, for the Significant Woodland FOD5-1 feature, based on the preliminary analysis, 

diverting clean flows equivalent from 15.0 ha of impervious area is recommended.  
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Illustration 5.4 presents storage depth hydroperiod comparison for Woodland FOD5-1 

(between existing, post unmitigated and recommended mitigated scenarios) with confidence 

interval of 95% based on the daily dataset for a long-term period from 1940-2023. Illustration 

5.5 presents time series of flow hydrograph comparison (between existing and recommended 

mitigated scenarios). All other VO Continuous Simulation Model Scenario Comparison Charts, 

including Hydrograph Time Series, Hydroperiod and Inflow Mass Curve are included in 

Appendix C.   



 

 

WSP 
March 2024  
Page 20 

 Feature Based Water Balance Analysis - 12668 & 12862 Dixie Road, Caledon 
Project No.  201-11545-00 

Quadreal Property Group Limited Partnership & Tribal Partners Canada Inc. 

6 MONITORING AND ADAPTIVE 

MANAGEMENT PLAN 
According to relevant TRCA guidance, an Adaptive Management Plan (AMP) will be prepared 

during the detailed design stage for the identified natural features. An adaptive management 

approach will be used to monitor and assess potential changes in runoff volumes and 

vegetation conditions in these features, and to the extent feasible, provide the opportunity to 

modify the drainage system design to respond to monitoring data, if/where appropriate. Please 

note that the detailed design on these systems will take place along with the detailed design of 

the development. 

To achieve the Adaptive Management Plan, a post-implementation monitoring plan will also be 

required during and post-construction periods. Again, detailed monitoring components, 

methods, duration and key locations for monitoring will be determined during the detailed 

design stage. The monitoring key factors may include, but not limited to, hydrology / 

hydraulics, stream morphology, terrestrial Natural Heritage System, fisheries and aquatic 

habitat, and groundwater. Such monitoring is intended to inform adaptive management if 

required.  
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7 SUMMARY 
WSP Canada Inc. (WSP) has been retained by QuadReal Property Group Limited Partnership 

& Tribal Partners Canada Inc. to develop a Feature Based Water Balance Analysis in support 

of the proposed development at 12668 & 12862 Dixie Road in the Town of Caledon, Ontario.  

A “Comprehensive Environmental Impact Study and Management Plan (CEISMP)” was 

prepared for the subject site by WSP dated March 2024. The Plan confirmed the 

recommendations for retention of identified HDFs within the subject site (i.e., Tributary 2 / 

HDF3, Tributary 3 / HDF9c and Tributary 4 / HDF8a-4). Tributaries 2 and 3 convey surface 

flows through the identified centre Significant Woodland, which was also identified as a natural 

feature to be retained (i.e., FOD5-1).  

On April 29, 2021, a consultation meeting with TRCA technical staff was conducted to discuss 

the potential impacts to the identified nature features (i.e., HDFs and Woodland) within the 

subject site due to the proposed development. The meeting confirmed that a Feature Based 

Water Balance study by using the approved continuous hydrologic modelling would be 

required to support the proposed development.  

This report includes the technical details of the Feature Based Water Balance analysis, 

discusses the continuous hydrological model, summarizes the potential impacts, and provides 

recommendations on appropriate mitigation measures to preserve and maintain the identified 

nature features. It was prepared by following TRCA’s “Wetland Water Balance Modelling 

Guidance Document – Draft” dated August 2019. 

A Monitoring and Adaptive Management Plan (AMP) was discussed in the report. The AMP 

was designed to ensure that the proposed mitigation measures could be modified to 

accommodate future adaptive management recommendations. 

The following summarizes key highlights and findings of the study: 

1. There are four (4) identified natural features within the subject study area: Tributary 2 / 

HDF3 (Tribuary 2), HDF9c (Tributary 3), HDF8a-4 (Tributary 4) and a centre Significant 

Woodland FOD5-1. Preliminary Hydrogeological Assessment states that none of features 

on the subject properties is groundwater dependent.  

2. The continuous hydrologic model was developed based on the continuous version of VO6 

model which was approved TRCA for the purpose of Feature Based Water Balance 

analysis.  

3. The established VO6 continuous model was calibrated based on the hourly water depths at 

the established gauges provided by MTE for a period from May 3, 2021 to December 11, 
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2023. The corresponding hourly precipitation data was further purchased from Environment 

Canada at its Weather Station of King City (ID 6154150), the nearest station to the study 

area that has the available hourly weather data for the identified period (e.g., 2021 to 

2023). 

4. The target hydroperiod was established by running the calibrated pre-development model 

using a long-term dataset. The long-term meteorological data including precipitation, 

temperature, etc., was based on the observed daily data recorded at Toronto Int’l Airport 

(IDs 6158733 and 6158731) from 1940 to 2023 for a long-term period of 82 continuous 

years.  

5. Since under post-development conditions, the majority surface runoff will be diverted away 

from the identified features, the VO continuous simulation confirms that the reduction of the 

runoff to these features under post-development conditions requires compensation 

management via mitigation measures. 

6. During the post-development conditions, the surface runoff compensation would be 

provided by diverting clean flows equivalent from the calculated impervious areas. TRCA 

recognizes that in most cases it will not be possible to achieve a post-development 

hydroperiod that matches exactly the pre-development hydroperiod. The selection of the 

recommended mitigation option should focus on minimizing the difference in hydroperiod 

timing and magnitude in order to minimize negative impacts to the feature.  

7. The recommended mitigation options for the identified features are summarized as follows. 

a. HDF3: diverting clean flows equivalent from 15.0 ha of impervious area 

b. HDF9c: diverting clean flows equivalent from 0.5 ha of impervious area 

c. HDF8a-4: diverting clean flows equivalent from 7.5 ha of impervious area 

d. Woodland FOD5-1: diverting clean flows equivalent from 15.0 ha of impervious area 

8. A Monitoring Plan will be required for the identified features for during and post construction 

periods. Detailed monitoring components, methods, duration and key locations for 

monitoring will be determined during the detailed design stage. The monitoring key factors 

may include, but not be limited to, hydrology / hydraulics, stream morphology, terrestrial 

Natural Heritage System, fisheries and aquatic habitat, and groundwater. 

9. An Adaptive Management Plan (AMP) will also be prepared for the identified features. An 

adaptive management approach will be used to monitor and assess potential changes in 

runoff volumes and vegetation conditions in these wetlands, and to the extent feasible, 

provide the opportunity to modify the drainage system design to respond to monitoring 

data, if/where appropriate. 
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